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Abstract
Indonesia is developing its infrastructure to remain competitive in the global market, focusing
on projects such as the construction of toll roads and bridges, which require large volumes of
precast concrete products. Accordingly, it is important to focus on the quality of suppliers so
that the products meet the requirements of companies and consumers. This case study aimed
to develop a proposed model for ranking suppliers, employing the Additive Ratio Assessment
and Analytical Hierarchy Process. Furthermore, it examined the practical application of
the proposed model in an Indonesian concrete manufacturing company. The Delphi method
was employed to enhance decision-making in criteria selection, considering that it determines
the reliability of the supplier ranking. The study demonstrated that the proposed method
yielded a practical solution and was not sensitive to parameter changes. Sensitivity analysis
can help decision-makers evaluate the resilience of the process by determining the effect of
change in the primary criteria on supplier ranking. Therefore, establishing a straightforward
methodology enables managers in the concrete industry to identify the most suitable supplier.
Additionally, this approach assists managers in categorizing intricate decision-making challenges
into straightforward methodologies. The study provides managers in the Indonesian concrete
industry with a thorough understanding of the variables that must be assessed when selecting
suppliers.

Keywords
Additive Ratio Assessment (ARAS), Analytical Hierarchical Process (AHP), Delphi, Criteria
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Introduction

Indonesia is intensively developing its infrastructure
to remain competitive in the global market and
boost its economy. Infrastructure projects such as
the construction of toll roads, bridges, overpasses,
and underpasses require abundant precast concrete
products. Accordingly, precast concrete companies
must produce high-quality concrete in large quantities
at short notice to meet the growing demand for
precast concrete. Suppliers are an integral part of the
concrete industry and are essential in providing goods
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to support business activities. They are considered
one of the key factors for a company’s success. It is
imperative to focus on the quality of suppliers so that
the products meet the requirements of companies
and consumers (Yadav & Sharma, 2016). Therefore,
supplier selection has been recognized as a critical
issue for firms as they strive to maintain a strategic
competitive advantage (Gupta et al., 2019).

PT Wijaya Karya Beton (Wika Beton) is a leading
manufacturer of precast concrete products in Indonesia
and is actively involved in various major infrastructure
projects. Its contribution to national toll road construc-
tion projects is considered significant. It implements
a make-to-order production system, which is managed
by medium- to large-sized companies. The production
process is time-consuming but sustainable (Ristono et
al., 2021). The company manufactures piles, electric
poles, sleepers for rail, bridge concrete products, retain-
ing walls, water-building concrete, building concrete,
and maritime-building concrete, among others. The
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company produced 204,993 units of concrete in 2021–
2022. The company reported that production increased
by 32% from 2021 to 2022. The demand for concrete
products is increasing in the building construction
sector. Concrete products contain several constituent
components, including concrete iron, which determines
its quality. Raw materials in the form of concrete iron
are procured from several suppliers. Companies have
often expressed concerns that suppliers fail to meet
their expectations (Ristono et al., 2021), leading to
delays in product delivery and quality concerns.
In the wake of increasing competition, companies

are required to develop an efficient supply chain and
maintain good supplier relationships (Bag et al., 2023).
To maximize performance and minimize challenges,
PT Wika Beton conducted an assessment to deter-
mine priority supplier selection. Generally, supplier
assessments are conducted every semester to evaluate
supplier performance for each period. The procurement
department of the Ministry of Finance and Human
Resources evaluates the assessment.

Supplier selection is one of the challenges associated
with multi-criteria decision-making (MCDM). Conse-
quently, numerous MCDM methodologies, including
Additive Ratio Assessments (ARAS), have been im-
plemented in supplier selection research. The compu-
tational procedure for ARAS is distinct compared
to several other MCDM methods, including TOP-
SIS, Vlse kriterijumska optimizacijai compromise re-
venge (VIKOR), WASPAS, MARCOS, and COPRAS
(Karabasevic et al., 2016). Nevertheless, ARAS has
certain drawbacks in that it requires weighting criteria.

Weighting criteria in supplier selection frequently in-
volve an Analytical Hierarchy Process (AHP) (Ristono
et al., 2020b). The integration of two multi-attribute
decision-making methods to select a supplier using
AHP to calculate the weight of the criteria has been
examined extensively (Ristono et al., 2020b). The
final ranking is determined through a pairwise relative
evaluation of the requirements, a benefit associated
with AHP (Dožić et al., 2023). Additionally, the
AHP approach is logical and understandable, and the
calculation process is relatively simple (Dožić et al.,
2023). The advantages include verification of data
inconsistencies, reduced subjectivity owing to the
inclusion of human components, and universality
Ristono et al., 2020a). Nevertheless, the mathematical
method is comparatively easy, and the AHP ap-
proach’s reasoning is comprehensible and reasonable
(Dožić et al., 2023). Consequently, the criterion is
primarily weighted using AHP.
Therefore, applying AHP to this issue can help

corroborate the decision-making process and select
appropriate solutions systematically. During its de-

velopment, ARAS and AHP for supplier evaluation
were integrated into its design. Mavi (2015) employed
AHP as a weighting criterion and ARAS to iden-
tify environment-friendly suppliers. Tamošaitiene et al.
(Tamošaitiene et al., 2017) combined AHP and ARAS
to assess suppliers in construction companies. (Liao et
al., 2016) evaluated watch suppliers using AHP and
ARAS, while (Büyüközkan and Göçer (2018) similarly
researched supplier evaluation at airports. Fu (2019)
utilized AHP and ARAS to identify the most suit-
able catering suppliers that satisfied airline standards.
(Özdağoğlu et al., 2019) combined them to identify sup-
pliers for water treatment facilities, while Ath (2024)
integrated both to select sustainable fertilizer suppliers
in an indeterminate environment.

Previous AHP–ARAS-integrated research assumed
that the criteria had been provided (Ristono et al.,
2018b). These studies focused only on methods for
selecting alternative suppliers, and most research on
supplier selection has yet to further examine the se-
lection criteria (Ristono et al., 2018a). Selection of
criteria is an essential step in the supplier selection
process (Ali et al., 2023). Many methods can be used
to select criteria, such as Delphi, decision trial and
evaluation laboratory (DEMATEL), analysis of vari-
ance (ANOVA), factor analysis, interpretive structural
modeling (ISM), structural equation modeling (SEM),
and AHP (Ristono et al., 2018a).
Wahyuningsih et al. (2022) used factor analysis to

select the criteria used as a basis for selecting sup-
pliers using AHP–ARAS integration. Factor analysis
requires rigorous statistical calculations (Costello &
Osborne, 2005; Tavakol & Dennick, 2011). It is a sophis-
ticated statistical technique that requires researchers
to make numerous judgments that influence the an-
swers (Gaskin & Happell, 2014). Another limitation is
that the factor analysis approach is ineffective when
non-linear relationships exist among factors; in reality,
the relationships between factors and variables within
a specific domain are unlikely to be perfectly linear
(Watkins, 2018). Another limitation is the large sam-
ple size used for factor analysis (Scheeringa, 2024). In-
creased sample sizes yield more stable factor analytical
outcomes regarding the loadings of variables on factors
derived from a correlation matrix (Luu & ElBassiouny,
2020). Ideally, the sample size should be five to ten
times the total scale component (Costello & Osborne,
2005). This was considered sufficient because it sur-
passes the recommended minimum of ten observations
per variable (Tanwar & Agarwal, 2024). Factor analy-
sis must account for a projected 20% incomplete rate
when determining the sample size (Huda et al., 2024).

This study used the Delphi method to determine
these criteria. The advantage of Delphi is that no
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specific sample size criteria has been adopted in the
literature because it relies on group dynamics rather
than statistical power to reach a consensus among
experts (Cafiso et al., 2013). Another advantage is
that it combines quantitative and qualitative data
(Brady, 2015). Furthermore, expert responses can
be collected using an open questionnaire (Koskey et
al., 2023). Expert opinions are analyzed thematically,
compiled by researchers, and presented to the same
panel of experts to review the synthesized results
and indicate their agreement or disagreement levels
(Koskey et al., 2023). Several rounds were conducted
until a consensus was reached that collectively
represented expert opinions (Hue & Oanh, 2023).
The experts can modify their responses in each
round. Modifications may occur after exposure to
the perspectives of other experts or clarification of
opinions (Drumm et al., 2022). Someone outside the
panel, often a researcher, facilitates the process and
the responses remain unnoticed by different experts.
This study preliminarily considers the factors es-

sential for a company by performing a factor analysis
using the Delphi method. The factors obtained are
weighted using the AHP method as a reference for
the weight of each factor in the ARAS method. One
of the factors examined is sensitive data; therefore,
a sensitivity test is necessary to provide a clear view
of the company and determine supplier priorities.
This study makes three novel contributions to sup-

plier selection: incorporating Delphi, which has been
implemented in the Indonesian concrete industry, and
integrating AHP and ARAS into the supplier selec-
tion process. Second, in contrast to previous research,
pairwise comparisons of AHP no longer require expert
questionnaires, but rather the results from the Delphi
second round. Finally, it is imperative to establish
a straightforward methodology to enable managers in
the Indonesian concrete industry to identify the most
suitable suppliers. Additionally, this approach can help
assist managers in dividing intricate decision-making
challenges into straightforward methodologies.

Research Method

The robustness of the proposed method is evaluated.
Initially, various factors are analyzed and qualitative
data from experts in the company are used. After identi-
fying the factors using the Delphi method, AHP is used
to weigh the criteria. The ratio consistency of the data
is checked; it must be less than the acceptable region of
< 0.1, for the data to be accepted. In this study, supplier
ratings for each factor are determined using ARAS.

Fig. 1. Proposed method

Experts panel

Conceptual requirements are the primary determi-
nants of an expert panel rather than representativeness
(Moser & Korstjens, 2018). Based on their specializa-
tion, the number of specialists could range from 5 to
20 (Rowe & Wright, 2011). According to Yusoff et al.
(Yusoff et al., 2021), the choice of experts requires at
least seven. Mustapha et al. (Mustapha et al., 2017)
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also acknowledge that seven samples are sufficient in
the Delphi procedure when the experts are very sim-
ilar. Previous studies have shown that at least ten
experts are needed to reach a large consensus when
using decision-making to analyze data (Yaakob et al.,
2020). The specialists had to have at least five years
of experience, confirming their experience in a given
field (Mokhtar & Yasin, 2018).
This paper included ten experts from the procure-

ment, building, and commissioning divisions of PT
Wika Beton; they had more than 15 years of experience
in a similar field. The experts selected were from the
population used in Delphi considering their expertise in
supplier selection at PT Wika Beton. A sampling plan
is considered suitable when the selected participants
and settings are adequate to provide the necessary in-
formation to thoroughly comprehend the phenomenon
being studied (Moser & Korstjens, 2018). Ten experts
were enough for obtaining information and deciding
how to evaluate and confirm the model in this study.

First stage

In the first stage, criteria considered necessary for
the company are obtained. In the first Delphi round,
ten experts reached a consensus regarding the criteria
used to select suppliers at PT Wika Beton. In the
second round, each expert assessed individual crite-
ria using a Likert scale. These values are crucial to
ensure that the most critical conditions are satisfied.
The focus is on how the criteria influence the subject
matter, rather than the inherent importance of the
criteria themselves. The results of this second round
were also analyzed to determine the criteria used to
select suppliers at PT Wika Beton.

Second stage

The average rating value of each selected criterion
in the second round of Delphi is the basis for input in
the pairwise comparison of AHP. Generally, AHP is
divided into three stages (Secundo et al., 2017). The
first stage includes defining the problem and forming
a hierarchy of these problems (Dožić & Kalić, 2015).
This is one of the advantages of AHP because, at this
stage, the problem can be revealed and deconstructed
in depth while developing a hierarchical structure
(Deretarla et al., 2023). The second stage determines
the priorities of the elements by comparing pairs to
the relative weighting of the criteria (Deretarla et
al., 2023). The equation used at this stage is Eq. (1)
(Saaty, 1994, 2008; Saaty & Ozdemir, 2003). The third
stage is synthesis, which measures the consistency
ratio (CR) index using Eq. (2) and (3) (Saaty, 1994,

2008; Saaty & Ozdemir, 2003). This study aims to
determine whether the relative weighting results of
these criteria are valid (Saaty & Ozdemir, 2003).
Pairwise comparisons are considered valid if the CR
is less than 0.1. (Liu, 2022; Ristono, 2019).
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Third stage

In this study, the ARAS method was combined with
AHP for supplier evaluation. ARAS was first introduced
by Zavadskas and Turskis (2010) to select suppliers in
the solid waste disposal industry. The advantage of
the ARAS method is that the utility value function
determines the relative efficiency of feasible alternatives,
which is directly proportional to the value and weight
of the criteria considered (Zavadskas et al., 2010).

The initial step in ARAS is to form a decision matrix
using Eq. (4) (Zavadskas et al., 2010). The next step
is to normalize the decision matrix using Eq. (5) for
the criteria of benefits, and Eq. (6) for the criteria of
non-benefits, and then multiply by the weight for each
criterion (output from AHP) using Eq. (7) (Zavadskas
et al., 2012). The sum of these values for each criterion
yielded the optimality function (Si) value (see Eq. (8)).
Supplier evaluation is based on the degree of utility,
which is the value of the optimality function divided by
each supplier’s ideal optimality function (Zavadskas et
al., 2010; Zavadskas et al., 2012). The optimal function,
degree of utility, and ranking of each supplier are listed
in Table 4.
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Results and Discussion

Criteria selection

As mentioned earlier, ten experts participated in the
initial stage of the study, including the raw material
procurement manager, production manager, warehouse
manager, and members of their respective teams. Con-
sidering that the respondents had previously worked
in similar companies for over 15 years, their answers
were considered valid. In the first round of Delphi,
seven criteria were obtained from focus group discus-

sions with respondents, which became the basis for
supplier selection: quality, price, delivery, accessibility,
reputation, relationships, and flexibility.
The results from the second-round Delphi stages are

illustrated in Tables 1 and 2: evaluation of the criteria
based on convergence. If the standard deviation is < 1.5
and the interquartile range is < 2.5, the instrument
converges. Based on Table 2, it can be concluded that
all criteria were considered in the supplier selection.

Table 1
The results of the first round

Criteria
Expert

1 2 3 4 5 6 7 8 9 10
Quality 5 5 4 5 5 4 5 5 5 5
Delivery 5 5 5 4 4 5 4 4 5 5
Price 5 4 5 4 5 4 5 4 3 3

Accessibility 5 4 5 4 5 3 5 4 5 4
Reputation 3 4 5 4 3 4 3 3 3 5
Relationship 4 5 4 3 4 5 4 5 4 4
Flexibility 2 3 2 5 4 3 4 4 5 5

Table 2
The results of the second round

Criteria Me SD Q1 Q2 Q3 IR QD
Quality 4.78 0.34

4.13 4.25 4.57 0.44 0.22

Delivery 4.57 0.30
Price 4.13 0.51

Accessibility 4.35 0.40
Reputation 3.62 1.01
Relationship 4.16 0.78
Flexi bility 3.52 1.44
Notes: Me = Mean, SD = Standard Deviation,
Q1 = First Quartile, Q2 = Second Quartile,
Q3 = Third Quartile, IR = Interquartile Range,
QD = Quartile Deviation.

Criteria weighting

The next step involved pairwise comparisons of the
mean scores of the seven criteria to obtain the pairwise
comparison matrix. The results are summarized in
Table 3. Based on a pairwise comparison calculated
using AHP, the weight of the criteria is obtained, as
shown in the column on the extreme right of Table 3.
The relative weight of these criteria was validated by
calculating CR, which was less than 0.1; therefore, it
is considered valid.
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Table 3 demonstrates that quality and delivery fac-
tors are critical for evaluating the material supplier,
weighing 16.4% and 15.7%, respectively, followed by
accessibility, relationship, price, reputation, and flexi-
bility. Proven experience in the company is the most
critical criterion, with a total weight of almost 35%,
followed by accessibility and relationship at 29.2%.
The company manufactures concrete for infrastructure
products. The management prioritizes quality and ac-
curacy of delivery of raw materials over other factors.
Every infrastructure development project focuses on
accurate scheduling to complete a high-quality project
under contractual agreement.

Table 3
Pairwise comparison

criteria C1 C2 C3 C4 C5 C6 C7 Wj

C1 1.00 1.05 1.16 1.10 1.32 1.15 1.36 0.164
C2 0.96 1.00 1.11 1.05 1.26 1.10 1.30 0.157
C3 0.86 0.90 1.00 0.95 1.14 0.99 1.17 0.142
C4 0.91 0.95 1.05 1.00 1.20 1.05 1.17 0.149
C5 0.76 0.79 0.88 0.83 1.00 0.87 1.24 0.124
C6 0.87 0.91 1.01 0.96 1.15 1.00 1.18 0.143
C7 0.74 0.77 0.85 0.81 0.97 0.85 1.00 0.121

Notes: C1 = Quality, C2 = Delivery, C3 = Price,
C4 = Accessibility, C5 = Reputation,
C6 = Relationship, C7 = Flexibility.

Supplier selection

Regarding supplier evaluation, ARAS requires as-
sessments for individual criteria. The details of the
data are presented in Table 4. The data are classified
into two types: benefit (quality, accessibility, repu-
tation, relationship, and flexibility) and non-benefit
criteria (quality, delivery, and delivery).

Table 4
Performance of supplier

C1 C2 C3 C4 C5 C6 C7

PT.ISBS 0.09 4.4 80 70 86 80 95
PT.MS 0.07 4.2 70 70 90 70 80
PT.CBS 0.08 5.2 80 80 78 80 90
PT.IST 0.08 4 60 75 82 70 65
PT.JB 0.06 5.6 70 70 92 60 55

PT.WNG 0.06 5.8 80 70 86 90 70
PT.SDH 0.09 5 85 70 80 70 60
PT.RB 0.06 4.8 75 65 80 60 55

Equation (1) is used to build a decision matrix for
supplier data for each criterion, as shown in columns,
while suppliers are in rows. Equation (2) normalizes
the benefit-type data in the decision matrix. Benefit
criteria carry a value; the bigger the value, the better.
Equation (3) normalizes non-benefit data in the deci-
sion matrix. Meanwhile, the smaller the non-benefit
value, the better. Equation (4) is used to multiply the
data in the normalized decision matrix by the criteria
weights, which are obtained from the AHP weighting
results. Equation (5) measures individual suppliers’
degree of utility; the higher the degree of utility, the
better the supplier.

Based on Table 5, the evaluation results of the pro-
posed method indicate that the sequence is PT. MS
>PT. IST >PT. ISBS >PT. WNG >PT. CBS >PT.
JB >PT. RB >PT. SDH. This is consistent with the
current situation. ARAS was initially employed to
evaluate the feasibility of the company’s selection of
raw material suppliers. Eight suppliers are compared
using seven weighted decision criteria. A ranking of
supplier priorities is established (Table 4) under the
decision-maker’s decision: Priority 1 is PT. MS, Pri-
ority 2 is PT IST, Priority 3 is PT ISBS, Priority 4
is PT WNG, Priority 5 is PT CBS, Priority 6 is PT
JB, Priority 7 is PT RB, and Priority 8 is PT SDH.
The most suitable supplier is PT MS, as determined
by the feasibility of selecting raw material suppliers in
the company through ARAS.

Table 5
Degree of utility

Supplier Si Ki Rank
PT.ISBS 0.11163 0.85300 3
PT.MS 0.11448 0.87477 1
PT.CBS 0.10970 0.83830 5
PT.IST 0.11297 0.86322 2
PT.JB 0.10636 0.81272 6

PT.WNG 0.11029 0.84277 4
PT.SDH 0.09910 0.75727 8
PT.RB 0.10461 0.79941 7

PT MS and PT IST should be selected as the best
options according to the degree of utility, as shown in
Table 4. Both suppliers have the highest weight owing
to their proven experience and knowledge of the com-
pany’s requirements, with utility indexes of 0.875 and
0.863, respectively. Their delivery service of raw mate-
rials is the lowest, at 4.2 and 4 days, respectively (See
Table 4). Moreover, PT Wika Beton has been involved
in various strategic toll road projects in Indonesia,
such as the Trans-Java Toll Road, Trans-Sumatra Toll
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Road, and other projects that are part of developing
inter-regional connectivity in Indonesia. When select-
ing a material supplier, the company focuses on mate-
rial quality and specialized delivery factors to ensure
customer satisfaction, service, and accurate scheduling
to complete a high-quality infrastructure project under
a contractual agreement. Therefore, maintaining an
accurate project implementation schedule is vital for
PT Wika Beton to accelerate national infrastructure
development under the government’s vision to improve
transportation networks.
The proposed model is validated using sensitivity

analysis, which focuses on the change in each weight-
ing of the criteria. Sensitivity analysis enables decision
makers to evaluate the resilience of a process by deter-
mining the effect of changes to the primary criteria on
supplier ranking. The ranking of a supplier is consid-
ered sensitive to a criterion if a minor adjustment in
its weighting results in a change. The superior ranking
for PT. MS and PT. IST can be attributed to the high
weightage of the primary criterion – “quality” and “de-
livery” – in comparison to other suppliers, as indicated
by the performance sensitivity graph.

Sensitivity analysis concerning quality: nine circum-
stances are chosen and the ranking is completed while
considering additional weights. Scenario 1 represents
the currently researched scenario with current weights.
Scenario 2: the quality criteria weight decreases by
–20% from the initial weight, whereas other weights
adjust. Scenario 3: the quality criteria weight decreases
by –15% from the initial weight, while other weights
adjust. Scenario 4: the quality criteria weight decreases
by –10% from the initial weight, as other weights ad-
just. Scenario 5: the quality criteria weight decreases
by –5% from the initial weight, while other weights ad-
just. Scenario 6: the quality criteria weight increases by
5% from the initial weight, while other weights adjust.
Scenario 7: the quality criteria weight increases by 10%
from the initial weight, whereas other weights adjust.
Scenario 8: the quality criteria weight increases by 15%
from the initial weight, whereas other weights adjust.
Scenario 9: the quality criterion weight increases by
20% from the initial weight, whereas other weights ad-
just. Scenario 10: the quality criteria weight increases
by 25% from the initial weight, while other weights
adjust. The results are shown in Fig. 2. The ranking
of suppliers did not change when quality was 20.52%,
increased by 25% from 16.42%; delivery was 15.02%;
price was 13.49%; accessibility was 14.24%; reputation
was 11.75%; relationship was 13.59%; and flexibility
was 11.39%. In conclusion, sensitivity analysis of the
quality criteria reaffirmed the reliability and robust-
ness of our results. Regardless of the quality value, the
ranked supplier remains unchanged, providing a reli-

able and stable basis for supplier evaluation. It also
ensures a dependable and consistent foundation for
supplier evaluation, irrespective of the quality value.

Fig. 2. The results of the proposed model

Sensitivity analysis was conducted based on the fol-
lowing criteria: delivery, price, accessibility, reputation,
relationship, and flexibility. The scenario developed for
the quality criterion was consistent with the sensitivity
analysis applied to other criteria. Figures 3–9 illustrate
the findings. Sensitivity analysis reaffirmed the reli-
ability and robustness of our results for all criteria.
The ranked supplier remains constant regardless of the
values of all criteria, thereby establishing a dependable
and consistent foundation for supplier evaluation.

Fig. 3. The changes in the weighting of quality criteria

Managerial implication

This case study has significant managerial impli-
cations. The Delphi methodology provides managers
in the Indonesian concrete industry with a thorough

Volume 15 • Number 4 • December 2024 7



A. Ristono, T. Wahyuningsih, G. Madyno Putro: Developing a Hybrid Method of Analytical Hierarchy Process . . .

Fig. 4. The changes in the weighting of delivery criteria

Fig. 5. The changes in the weighting of price criteria

Fig. 6. The changes in the weighting of accessibility criteria

Fig. 7. The changes in the weighting of reputation criteria

Fig. 8. The changes in the weighting of relationship criteria

Fig. 9. The changes in the weighting of flexibility criteria
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understanding of the variables that must be assessed
when selecting suppliers. The selected methodology
prioritizes this criterion. Managers can use the hier-
archical structure of the proposed supplier-selection
methodology to rank suppliers based on various fac-
tors and criteria. The sensitivity analysis also evaluates
the influence of adjusting the weights of requirements
on the ranking of suppliers, which aids managers in
making well-informed decisions.
The managerial decision to select PT MS and PT

IST as optimal suppliers is both appropriate and ro-
bust. Traditionally, cost is considered a significant
factor, necessitating minimal deliberation for rejection,
whereas other factors are assigned a specific degree of
significance. However, in Indonesia, concrete products
are essential for infrastructure development and man-
agers are responsible for ensuring that their production
is operational. Therefore, the survival of the Indone-
sian concrete industry depends on supplier selection.
Choosing a suitable supplier positively influences a con-
crete manufacturing company’s downstream activities
by helping reduce production time and increasing cus-
tomer satisfaction.
Furthermore, managers should prioritize factors

other than cost, as they have been relegated to the
background because of the product’s significance for
the organization’s survival and high demand. The pro-
duction process must operate smoothly by prioritizing
the delivery criteria. Consequently, the supplier with
the fastest delivery time should be prioritized and
considered the best option, irrespective of their perfor-
mance in other areas.
Additionally, this approach assists managers in orga-

nizing complex issues into manageable hierarchies. The
company in the case study observed a 10% decrease in
the later stages of the project after several months of im-
plementation, which is a clear indication of the efficacy
of the proposed methodology. The administration of the
case companies is entirely dedicated to implementing
the supplier ranking identified in this paper and the
distribution of orders under that ranking. This commit-
ment is a testament to their confidence in the efficacy of
their methodology, reassuring other industry managers.
The underfeed must be informed of their position.

The concrete company’s managerial staff evaluates
various factors when selecting a supplier. Subse-
quently, the factors are assigned weights. Minor
weight fluctuations do not compromise supplier
preferences when determining the most appropriate
choice. Managers must guarantee that minor weight
fluctuations do not compromise supplier preferences,
because environmental factors may induce fluctuations
in weight. To achieve this, a sensitivity analysis of
the criteria is performed to determine the supplier

selection, which is contingent on changes in the
weights of the underlying factors. Subsequently, the
supplier’s decision is evaluated for resilience.

Conclusions
The selection of the most suitable raw material sup-

plier for the Indonesian concrete industry was based
on the following criteria: material quality, competi-
tive pricing, rapid delivery, accessibility, reputation,
relationships, and flexibility. The most critical criteria
included raw material quality and fast delivery, with
weights of 16.4% and 15.7%, respectively, followed by
competitive pricing, accessibility, reputation, relation-
ship, and flexibility in that order. With a utility value
of 0.87477, PT MS was the optimal choice. The quality
of raw materials and fast delivery are of significant
importance to PT Wika Beton, which selects its raw
materials at a competitive price despite its cost-cutting
plans in the supply chain, to guarantee customer sat-
isfaction and the highest quality of service.

Choosing suppliers to implement effective strategies
in the Indonesian concrete industry necessitates careful
consideration of business management practices. The
process of selecting suppliers in this sector should con-
sider multiple criteria that incorporate both quantita-
tive and qualitative factors. A model utilizing AHP was
designed to address this issue by incorporating ARAS.
Comparable evaluations should be undertaken for mat-
ters other than the selection of raw material suppliers
for the concrete manufacturing sector. The applicabil-
ity of the study outcomes to various contexts should
be determined to assist decision makers and practition-
ers in selecting raw material providers in the future.
This study establishes a benchmark for formulating
effective strategies for the concrete production sector.

The study has several methodological research con-
straints, including the dataset, methodologies, and
criteria employed. Future research may incorporate
additional decision makers from the concrete man-
ufacturing business to enhance outcomes, as other
stakeholders may exhibit varying preferences. Method-
ologically, diverse indicators may serve as criteria for
future research, and new research may be undertaken
by employing various MCDM methodologies and their
integrated variants. From a practical standpoint, us-
ing a hybrid method that amalgamates expert judg-
ment with sustainability-focused vague multi-criteria
decision-making presents a viable solution to an un-
certain supplier selection dilemma.
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