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ABSTRACT 

The selection of the best all-around material for brake discs remains a challenging engineering problem 

due to the conflicting requirements for wear resistance, thermal stability, mechanical strength, and 

manufacturability. To address this multi-criteria challenge, this study proposes an integrated decision-

making framework combining the index of Item-Objective Congruence (IOC), the Best-Worst Method 

(BWM), and the Technique for Order Preference by Similarity to Ideal Solution Linear Programming 

(TOPSIS-LP) approach. The IOC was employed to validate the relevance of six evaluation criteria based 

on input from five domain experts, while BWM derived weights for these criteria. TOPSIS-LP was then 

used to rank five material alternatives, including gray cast iron, steel alloy, Aluminum Metal Matrix 

Composite (Al-MMC), Carbon-Carbon/Carbon-Silicon Carbide Composite (C-C/SiC), and Ceramic-Based 

Composites (CMC), through linear optimization of the weighted decision matrix. The results indicated that 

the CMC achieved the highest performance with a relative closeness coefficient CCi of 0.7629, followed by 

C-C/SiC and Al-MMC, while a four-scenario sensitivity analysis confirmed perfect rank stability 

(Spearman's rank correlation: ρs = 1.00) under ±20% weight variations. Overall, the findings indicate that 

advanced ceramic and composite materials outperform conventional metals in tribological and thermal 

performance, while the proposed IOC-BWM-TOPSIS-LP framework demonstrates strong robustness, 

interpretability, and applicability to complex engineering material selection problems. 

Keywords-brake disc materials; Best-Worst Method (BWM); Technique for Order Preference by Similarity to 

Ideal Solution (TOPSIS); linear programming; Multi-Criteria Decision-Making (MCDM); material selection 

I. INTRODUCTION  

Materials play a central role in modern engineering design, 
as the selection of appropriate materials directly influences 
product performance, manufacturability, cost efficiency, and 
overall competitiveness [1]. Additionally, the suitability of 
each material depends on the physical, mechanical, thermal, 
and manufacturing-related attributes of the intended application 
[2, 3]. Moreover, with the rapid emergence of advanced 
materials offering superior performance compared with 

conventional alternatives [4], the decision-making process has 
become increasingly complex. Therefore, there is a need for a 
systematic and efficient methodology that can evaluate 
multiple attributes simultaneously and support reliable material 
selection for engineering applications. 

In this study, we tackle the material selection decision 
process regarding automotive brake discs. Brake discs are often 
produced through casting and may undergo optional hardening 
treatments; thus, candidate materials must exhibit adequate 
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wear resistance, thermal conductivity, thermal stability, 
hardness, toughness, machinability, and resistance to thermal 
cracking and corrosion. Furthermore, material costs must be 
evaluated to balance technical performance with economic 
feasibility [5, 6], as designers seek to reduce production 
expenses while maintaining safety and reliability [7]. 

For the material selection process, the assessment of 
suitability requires the evaluation of competing attributes, 
which, in the absence of a formal evaluation process, may 
result in inconsistent or subjective decisions. To address this 
issue, Multiple Criteria Decision-Making (MCDM) approaches 
have been widely employed to integrate expert judgment with 
quantitative performance data [8-10]. Among these, the 
Technique for Order Preference by Similarity to Ideal Solution 
(TOPSIS) is particularly effective due to its intuitive logic, 
computational efficiency, and ability to handle diverse criteria 
through normalization [11, 12].  

Building on the foundation of classical TOPSIS, authors in 
[13] introduced the TOPSIS Linear Programming (TOPSIS-
LP) model, which reformulates the ranking process as a linear 
optimization problem. This formulation reduces rounding and 
arithmetic errors, improves numerical stability, and provides a 
unified structure for multi-criteria evaluation. Recent studies 
have demonstrated the versatility of TOPSIS-LP across 
engineering and management contexts [14-16], while hybrid 
Best-Worst Method (BWM)-TOPSIS models have been 
applied in sustainability assessment, material selection, and 
Computer Numerical Control (CNC) machine evaluation [17-
19]. However, applications of such hybrid frameworks in 
material selection for brake-disc systems remain limited, 
indicating a clear research gap. 

Beyond TOPSIS-LP, numerous hybrid MCDM frameworks 
have been developed to enhance weighting reliability and 
decision robustness. For example, fuzzy BWM-TOPSIS 
accounts for uncertainty through fuzzy membership functions 
[20], whereas objective methods such as Criteria Importance 
Through Intercriteria Correlation (CRITIC)-TOPSIS derive 
criterion weights from contrast intensity and inter-criterion 
variability [21]. Other studies combine the Analytic Hierarchy 
Process (AHP) with linear or goal-programming formulations 
strengthen consistency under complex decision constraints 
[22]. Despite these advances, unresolved issues, including 
subjective fuzzification, the absence of systematic criterion 
validation, and the lack of a fully unified optimization 
structure, underscore the need for a more coherent and 
computationally stable approach to engineering material 
selection. 

Among these, the BWM variant provides a coherent and 
effective approach that necessitates fewer pairwise 
comparisons than the AHP, while it is compatible with the 
TOPSIS-LP variant [23-25] 

Accordingly, this article presents an integrated MCDM 
framework, utilizing the Index of Item-Objective Congruence 
(IOC) for criteria validation, the BWM for obtaining expert-
derived weights, and the TOPSIS-LP model for ranking 
candidate materials. 

This proposed framework aims to provide a systematic, 
transparent, and computationally reliable approach for 
identifying the most appropriate brake-disc material by 
combining quantitative performance metrics and expert 
evaluation. 

II. METHODOLOGY 

A. Research Framework 

The research framework employed in this work is presented 
in Figure 1. The process began with a literature review to 
identify potential material alternatives and performance 
evaluation criteria. The identified criteria were subsequently 
validated by experts using IOC to ensure relevance and clarity, 
while BWM was then employed to derive criterion weights 
reflecting their relative importance. Finally, the TOPSIS-LP 
model was applied to evaluate and rank candidate materials 
based on their closeness to the ideal solution.  

 

 

Fig. 1.  The proposed methodological framework. 

B. Identification of Material Alternatives 

Recent studies employing MCDM-based material selection 
for automotive brake discs [5, 26-34] indicate a clear shift from 
conventional metallic materials toward advanced composite 
systems. Despite gray cast iron remaining the industrial 
benchmark due to its manufacturability and cost efficiency 
[34], steel alloys, Aluminum Metal Matrix Composites 
reinforced with Silicon Carbide particles (Al-MMC/Al-SiC), 
Carbon-Carbon/Carbon-Silicon Carbide Composite (C-C/SiC), 
and Ceramic-Based Composites (CMC) have gained increasing 
adoption in high-performance braking systems. 

Based on these literature findings and expert consultation, 
five representative material families were selected for 
evaluation for this study: (1) gray cast iron, (2) steel alloys, (3) 
Al-MMC/Al-SiC, (4) C-C/SiC composites, and (5) CMC, 
SiC/Al. 

To construct the decision matrix, material property values 
were collected from authoritative sources, including the 
MatWeb Materials Database, the ASM Handbook Series, and 
peer-reviewed experimental studies [28-34]. When multiple 
values were available, mid-range values were used to ensure 
comparability across materials. As a clarification, these data 
were adopted as representative parameters rather than absolute 
values measured under identical experimental conditions, and 
minor variations may arise due to differences in material 
grades, manufacturing routes, and testing orientations, 
particularly for composite materials. Therefore, while the data 
are appropriate for the comparative scope of the TOPSIS 
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analysis, they may not fully reflect the actual mechanical or 
thermal behavior of production-grade brake discs. 

 For transparency, each material family was mapped to 
representative materials documented in the literature, as 
summarized in Table I. 

TABLE I.  MATERIAL ALTERNATIVES AND KEY 
CHARACTERISTICS 

Alternative 

Material 

Description / 

Key Characteristics 

Representative 

Applications 

A1. 

Gray Cast Iron 

[5, 26, 29, 32, 34] 

Conventional disc brake 

material with good damping 

capacity, high wear resistance, 

stable friction behavior, and 

low production cost. 

Widely used in 

commercial 

automotive disc 

brakes. 

A2. 

Steel Alloys 

[26, 29-31, 34] 

High mechanical strength and 

toughness; lower thermal 

conductivity; relatively heavier 

than other candidates. 

Heavy-duty braking 

systems, trucks, and 

high-load 

applications. 

A3. 

Al-MMC/ Al-SiC 

[5, 25, 28, 29, 32] 

Lightweight with high specific 

strength; improved heat 

dissipation; higher cost and 

increased brittleness compared 

to cast iron. 

Lightweight 

vehicles, motorsport, 

and performance 

applications. 

A4. 

C-C/SiC 

[29, 32, 34] 

Extremely high thermal 

stability, excellent wear 

resistance, and low density; 

very high manufacturing cost. 

Aircraft braking 

systems, high-

performance sports 

vehicles. 

A5. 

CMC, SiC/Al 

[5, 28, 32, 34] 

High durability, superior 

thermal and oxidation 

resistance; comparatively 

expensive and specialized. 

Premium automotive 

platforms and next-

generation braking 

systems. 

 

C. Selection of Evaluation Criteria 

In parallel with the identification of material alternatives, an 
extensive literature survey was conducted to identify key 
criteria influencing brake disc performance in MCDM-based 
material selection studies [26, 29, 31-34]. 

 This study extends the framework in [5], which identified 
compressive strength, coefficient of friction, wear resistance, 
thermal capacity, and specific gravity as key properties for 
brake disc design. To account for recent advances in composite 
and sustainable materials, additional criteria were incorporated 
based on recent studies [26-34]. In total, thirteen criteria were 
synthesized (Table II), covering mechanical, thermal, 
tribological, manufacturing, economic, and environmental 
aspects. 

D. Validation of Criteria Using IOC 

The preliminary evaluation criteria were validated using the 
index of IOC technique [35]. To ensure methodological rigor, a 
panel of five experts was selected, including specialists in 
materials engineering, manufacturing processes, thermo-fluids 
and Computational Fluid Dynamics (CFD), industrial 
engineering, and energy-environmental engineering. All 
experts have more than ten years of experience in fields 
directly related to brake disc materials and evaluation, ensuring 
the relevance and validity of the selected criteria. Each criterion 
was rated on a scale of -1 (irrelevant), 0 (uncertain), and +1 
(relevant). The IOC value for each criterion was then computed 

using (1), where ��  represents the rating given by each expert 
and � is the total number of experts: ���� = ∑	
�      (1) 

Criteria with IOC scores equal to or greater than 0.50 were 
retained to ensure the validity and consistency of the evaluation 
framework with the research objectives. 

TABLE II.  EVALUATION CRITERIA SYNTHESIZED FROM 
LITERATURE 

No. Criterion Description 

1 
Wear Resistance 

[5, 28, 32, 34] 

Ability of the material to resist surface loss under 

frictional contact (inverse of wear rate). 

2 

Thermal 

Conductivity 

[5, 30, 34] 

Capacity to dissipate heat generated during braking 

operation. 

3 

Strength-to-

Weight Ratio 

[26, 29] 

Balance between mechanical strength and mass 

efficiency. 

4 

Compressive 

Strength 

[5, 28, 34] 

Resistance to compressive stress acting on the disc 

surface during braking. 

5 
Hardness 

[30, 32] 

Resistance to plastic deformation and surface 

indentation. 

6 

High-

Temperature 

Resistance 

[31, 34] 

Ability to maintain structural integrity at elevated 

thermal conditions. 

7 

Coefficient of 

Friction 

[5, 33, 34] 

Frictional interaction between disc and pad. 

8 
Manufacturability 

[26, 29] 

Ease of forming, machining, and industrial 

processing for large-scale production. 

9 
Material Weight 

[5, 28, 30] 

Density affecting rotational inertia and vehicle fuel 

efficiency. 

10 
Material Cost 

[29, 30] 

Relative market price and availability for 

commercial use. 

11 
Recyclability 

[32, 34] 

Potential for reuse and contribution to sustainable 

material cycles. 

12 
Service Life 

[33, 34] 

Expected operational lifetime of the material under 

normal service conditions. 

13 

Environmental 

Performance 

[26, 34] 

Stability under humidity, temperature fluctuation, 

and particulate exposure. 

 

E. Criteria Weighting Using the BWM 

The BWM was adopted to determine the relative 
importance (weights) of the evaluation criteria based on expert 
judgments. The method, originally proposed in [23], offers a 
structured and consistent framework for pairwise comparisons 
that require fewer comparisons and yield more reliable results 
compared to conventional approaches such as AHP. 

The same five experts used in the IOC criteria validation 
participated in the BWM weighting stage. Initially, the experts 
identified the most important (best) and the least important 
(worst) criteria from the validated set. Subsequently, two 
comparison vectors were formed: i) the Best-to-Others (BO) 
vector �
� , and ii) the Others-to-Worst (OW) vector ���. Let w = ���, ��, … , ��� be the weight vector where �� ≥ 0  and ∑�� = 1. To explicitly represent the optimization structure of 

BWM, the min-max problem can be formally expressed in 
symbolic linear programming form, in which the objective is to 
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minimize the maximum deviation �  between the preference 
ratios and the corresponding weight ratios. The optimal weights 
are obtained by solving the following min-max optimization 
problem: ��� � , ! �                                          

s.t. ∣ $%$& − �
� ∣≤ �,
∣ $&$) − ��� ∣≤ �,* ��� = 1, �� ≥ 0+ = 1,2, … , �

  (3) 

where it can be simplified into linear programming form as: ��� �-, !   �                                       
s.t. ∣ �
 − �
��� ∣≤ �,∣ �� − ����� ∣≤ �,* ��� = 1, �� ≥ 0+ = 1,2, … , �

   (4) 

where ��  denotes the weight of criterion + , �
  denotes the 

weight of the best criterion, while ��  denotes the weight of the 
worst criterion. To ensure the consistency of expert judgments, 
the Consistency Ratio (CR) is used, which is calculated as the 
ratio between the optimal deviation �∗  and the maximum 
allowable deviation �/01: �� = !∗!234     (5) 

where �∗ denotes the optimal value of the maximum deviation 
obtained from the BWM optimization model, and �/01 
represents the maximum allowable deviation corresponding to 
the adopted comparison scale. A CR value below 0.10 indicates 
satisfactory consistency among expert judgments. 

Moreover, because more than one expert participated in the 

evaluation, their pairwise preference values 5�
� , ���6  were 

aggregated using the geometric mean method [24] before 
solving (3): 

�̄
� = 89 �
��:�;
:<� = >? ,

�̄�� = 89 ����:�;
:<� = >?    (6) 

The aggregated values 5�̄
� , �̄��6 were then used in (4) to 

derive the final weights w∗ for the TOPSIS analysis. 

All BWM optimization models corresponding to (4) and (5) 
were implemented and solved using LINGO, ensuring stable 
convergence to the optimal deviation �∗  and the associated 
weight vector �∗. 

F. Material Evaluation Using TOPSIS-LP 

To evaluate and rank the candidate brake disc materials, the 
TOPSIS-LP is employed, which integrates vector 
normalization and linear optimization into a single-step 
decision-making framework, enhancing mathematical rigor, 

computational efficiency, and robustness when handling 
multiple conflicting criteria [13]. This method can be 
partitioned into 4 stages: 

1) Stage 1: Construction of the Decision Matrix 

Let @��� = 1,2, … , �� denote the set of candidate material 
alternatives and ���+ = 1,2, … , A�  represent the evaluation 

criteria. The initial decision matrix X = CD��E is constructed as: 

F = GD�� D�� ⋯ D�ID�� D�� ⋯ D�I⋮ ⋮ ⋱ ⋮DL� DL� ⋯ DLI
M   (7) 

where D��  denotes the performance value of alternative @� with 

respect to criterion ��. 

2) Stage 2: Normalization of the Decision Matrix 

Since the criteria are measured in different units and scales, 
vector normalization is applied to ensure comparability. The 

normalized decision matrix N = CO��E is defined as: 

N = GO�� O�� ⋯ O�IO�� O�� ⋯ O�I⋮ ⋮ ⋱ ⋮OL� OL� ⋯ OLI
M   (8) 

For beneficial criteria (i.e., higher values are preferred), 
normalization is performed as: O�� = P
&

QR P
&ST

U>

    (9) 

whereas for cost criteria (i.e., lower values are preferred), 
inverse normalization is applied as: O�� = 1 − P
&

QR P
&ST

U>

    (10) 

Through this process, all normalized criteria values are 
transformed into a benefit-oriented form, ensuring that higher O�� values consistently represent superior performance prior to 

linear programming optimization. 

3) Stage 3: Determination of Ideal Solutions 

The positive ideal solution O�V and negative ideal solution O�W for each criterion are defined as: O�V  =  maxᵢ { O��  }O�W  =  minᵢ { O��}+ =  1, 2, …  A     (11) 

4) Stage 4: TOPSIS-LP Formulation 

The metric used to quantify the proximity of each material 
alternative to the ideal solution was the relative closeness 
coefficient ��� , with higher values indicating a more favorable 
material for brake disc applications. 

To calculate the relative ���  for each alternative, the 
TOPSIS-LP model introduces two non-negative decision 
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variables, `�W  and `�V , representing the optimal weighting 
coefficients of the distances from the negative and positive 
ideal solutions, respectively. The objective function for each 
alternative @� is formulated as: 

max   ��� = `�W a b���5O��−O�W6�I
�<�   (12) 

subject to the normalization constraint: 

`�W a b���5O��−O�W6�I
�<� +  

+`�V a b���5O�V−O��6�I
�<� = 1  (13) 

and the non-negativity conditions: `�W ≥ 0, `�V ≥ 0, � = 1,2, … , �   (14) 

The TOPSIS-LP model defined in (12)-(14) was solved 
using the Microsoft Excel Solver add-in to obtain the relative ���  through a single-step optimization process. 

III. RESULTS AND DISCUSSION 

A. Validation of Evaluation Criteria Using IOC 

The results corresponding to the IOC method are 
summarized in Table III. Based on the average IOC values, six 
criteria, wear resistance (C1), thermal conductivity (C2), 
compressive strength (C3), high-temperature resistance (C4), 
coefficient of friction (C5), and service life (C6), achieved 

acceptable congruence levels (IOC ≥ 0.50). 

TABLE III.  IOC RESULTS FOR EVALUATION CRITERIA 

Initial list of criteria 
IOC scores from experts IOC 

Avg. 1 2 3 4 5 

Wear Resistance 1 1 1 1 0 0.80 

Thermal Conductivity -1 1 1 1 1 0.60 

Strength-to-Weight Ratio 1 -1 1 1 0 0.40 

Compressive Strength 1 1 1 1 0 0.80 

Hardness 0 -1 1 0 0 0.00 

High-Temperature Resistance 1 -1 1 1 1 0.60 

Coefficient of Friction 1 1 1 1 1 1.00 

Manufacturability 1 -1 0 0 -1 -0.20 

Material Weight 1 -1 0 0 0 0.00 

Material Cost 0 -1 0 1 -1 -0.20 

Recyclability 0 -1 0 -1 -1 -0.60 

Service Life 1 1 1 1 -1 0.60 

Environmental Performance 0 -1 1 1 1 0.40 

 

B. Criteria Weighting Using the BWM 

Following the validation of evaluation criteria, BWM was 
applied to determine the relative importance of the six 
validated criteria. As indicated in Table IV, the five domain 
experts provided ratings on a scale of 1 to 9 to express the 
relative importance of each criterion, where higher values 
indicate stronger preference. 

The aggregated scores shown in Table IV were obtained by 
summing the individual ratings assigned by the experts for each 

criterion. Based on these aggregated scores, criterion C1 was 
identified as the most preferred (best) criterion, whereas 
criterion C6 was identified as the least preferred (worst) 
criterion. 

TABLE IV.  PRELIMINARY EXPERTS' RATINGS FOR 
IDENTIFYING THE BEST AND WORST CRITERIA 

Experts 

selected 

the best 

and worst 

criteria 

Criteria Rating Scale (1-9) 

C1 C2 C3 C4 C5 C6 

Expert 1 9 / 6 7 / 5 6 / 4 7 / 5 5 / 3 1 / 1 

Expert 2 5 / 2 4 / 1 6 / 3 8 / 5 7 / 4 9 / 6 

Expert 3 9 / 7 6 / 4 4 / 2 8 / 6 7 / 5 5 / 1 

 Expert 4 7 / 3 9 / 5 6 / 2 9 / 5 8 / 4 5 / 1 

Expert 5 8 / 5 9 / 6 7 / 4 5 / 2 6 / 3  4 / 1 

Total score 38 / 23 35 / 21 29 / 15 37 / 23 33 / 19 24 / 10 

Note: The first and second values indicate the preliminary Best and Worst ratings, respectively. 

 
Afterwards, experts compared the best criterion against all 

other criteria (BO) and all other criteria against the worst 
criterion (OW), using the same 1-9 preference scale. The 
resulting pairwise comparison matrices based on individual 
expert opinions are presented in Table V. 

TABLE V.  PAIRWISE COMPARISON MATRIX BASED ON 
THE OPINION OF FIVE EXPERTS 

Experts' Pairwise 

Comparisons 

BO (Best: C1), OW (Worst: C6) 

C1 C2 C3 C4 C5 C6 

Expert 1 1 / 9 7 / 7 5 / 5 7 / 7 1 / 8 9 / 1 

Expert 2 1 / 9 7 / 3 4 / 5 3 / 7 4 / 5 9 / 1 

Expert 3 1 / 9 4 / 7 6 / 6 3 / 8 2 / 9 8 / 1 

Expert 4 1 / 9 1 / 9 3 / 7 1 / 9 1 / 9 9 / 1 

Expert 5 1 / 9 3 / 5 5 / 3 2 / 7 4 / 4 9 / 1 

For the best criterion (C1), the BO value is equal to 1 when compared with itself. 

 
Since multiple experts participated in the evaluation, their 

individual BO and OW comparison values were aggregated 
using the geometric mean method. The resulting aggregated 
BO and OW vectors are reported in Table VI and serve as the 
input parameters for the BWM optimization model. 

TABLE VI.   RESULTS DATA FROM PAIRWISE COMPARISON 
BY THE GEOMETRIC MEAN 

Criteria C1 C2 C3 C4 C5 C6 

BO (Best: C1) 1 3.6 4.5 2.6 2 8.8 

OW (Worst: C6) 9 5.8 5.0 7.6 6.6 1 

 
By solving the BWM optimization model, the optimal 

weights for each criterion were obtained and are reported in 
Table VII, showing that C1 holds the highest importance 
(0.3611), followed by C5 (0.2190) and C4 (0.1685). 
Additionally, the calculated CR (0.0769) is below the 
acceptable threshold of 0.1, confirming the reliability of the 
expert judgments regarding the reported weights. 

TABLE VII.  CRITERIA WEIGHTS OBTAINED FROM BWM 

Criteria C1 C2 C3 C4 C5 C6 

Weights 0.3611 0.1217 0.0974 0.1685 0.2190 0.0323 
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C. Material Ranking Using TOPSIS-LP 

The five candidate materials were then evaluated following 
the TOPSIS-LP methodology. The raw decision matrix is 
presented in Table VIII, and the normalized results along with 

the CCi are shown in Table IX. CMC achieved the highest CCi 
(0.7629), followed by C-C/SiC (0.5517) and Al-MMC 
(0.4429). Accordingly, the final ranking of the materials is A5 > 
A4 > A3 > A2 > A1, which is consistent with previous studies 
[5, 26]. 

TABLE VIII.  DECISION MATRIX FOR ALTERNATIVE MATERIALS 

Criterion Unit Direction 
A1: 

Gray Cast Iron 

A2: 

Steel Alloy 

A3: 

Al-MMC/ Al-SiC 

A4: 

C-C/SiC 

A5: 

CMC, SiC/Al 

C1: 106 mm3/N·m Benefit 0.42 0.5 0.87 1.2 1.5 

C2: W/m·K Benefit 46 27 170 35 120 

C3: MPa Benefit 1100 1500 400 200 500 

C4: °C Benefit 500 600 400 900 1100 

C5: – Benefit 0.4 0.45 0.38 0.42 0.35 

C6: 103 km Benefit 60 80 100 150 200 

 
Based on the normalized decision matrix reported in Table 

IX, a radar chart was constructed to visualize the comparative 
performance of the five candidate materials across the six 
validated criteria, as shown in Figure 2. CMC (A5) exhibits 
superior performance in wear resistance (C1), high-temperature 
resistance (C4), and service life (C6), followed by C/C-SiC 
(A4). On the other hand, Al-MMC (A3) shows relatively higher 
performance in thermal conductivity (C2), while the metallic 
alternatives (A1, A2) display more moderate and balanced 
profiles. 

TABLE IX.  NORMALIZED DECISION MATRIX AND CCi 

 C1 C2 C3 C4 C5 C6 CCi Rank 

A1 0.1903 0.2114 0.5563 0.2993 0.4456 0.2089 0.1935 5 

A2 0.2265 0.1241 0.7586 0.3592 0.5013 0.2785 0.2772 4 

A3 0.3941 0.7811 0.2023 0.2395 0.4233 0.3482 0.4429 3 

A4 0.5436 0.1608 0.1011 0.5388 0.4679 0.5222 0.5517 2 

A5 0.6795 0.5514 0.2529 0.6586 0.3899 0.6963 0.7629 1 

 

D. Sensitivity Analysis 

To examine the robustness of the proposed IOC-BWM-
TOPSIS-LP framework, a sensitivity analysis was performed 
by systematically perturbing the criterion weights derived from 
the BWM process. Four scenarios (S1-S4) were generated by 
proportionally increasing the weights of the top-ranked criteria 
(C1, C4, and C5) by 5%, 10%, 15%, and 20%, followed by 
normalization to maintain the total sum of one. 

As summarized in Table X, the material ranking order 
remained unchanged across all perturbation scenarios, 
confirming the high stability of the proposed decision model. 
The CMC (A5) consistently ranked first, followed by C-C/SiC 
(A4) and Al-MMC (A3), while steel alloy (A2) and gray cast 
iron (A1) remained the least preferred alternatives. The mean 
variation of the closeness coefficients (|ΔCCᵢ|) increased 
slightly from 0.0063 at S1 to 0.0229 at S4, indicating minimal 
numerical fluctuation. Moreover, the Spearman's rank 
correlation (ρs) between the baseline and each scenario equaled 
1.00, implying perfect correlation and no rank reversal. 

 

 

Fig. 2.  Radar chart of normalized criteria performance. 

TABLE X.  VARIATION OF CCi AND RANK ACROSS SCENARIOS S1-S4 

Material 

Alternative 
Baseline CCi Rank 

S1  

(+5%) CCi 
Rank 

S2  

(+10%) CCi 
Rank 

S3  

(+15%) CCi 
Rank 

S4 

(+20%) CCi 
Rank 

A1 0.1935 5 0.1878 5 0.1824 5 0.1775 5 0.1728 5 

A2 0.2772 4 0.2715 4 0.2661 4 0.2611 4 0.2564 4 

A3 0.4429 3 0.4384 3 0.4342 3 0.4304 3 0.4268 3 

A4 0.5517 2 0.5609 2 0.5694 2 0.5772 2 0.5846 2 

A5 0.7629 1 0.7695 1 0.7757 1 0.7814 1 0.7867 1 

Mean ΔCCi — 0.0063 — 0.0123 — 0.0177 — 0.0229 — 

ρs (B-S) — 1 — 1 — 1 — 1 — 

ρs (B-S): Spearman's rank correlation coefficient between baseline and scenario results. 
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IV. CONCLUSION 

This study established a systematic Multi-Criteria Decision-
Making (MCDM) framework to address the growing 
complexity of selecting brake disc materials. The proposed 
framework integrated Item-Objective Congruence (IOC), Best-
Worst Method (BWM), and Technique for Order Preference by 
Similarity to Ideal Solution Linear Programming (TOPSIS-LP) 
for consistent criterion validation, weighting, and ranking of 
the materials examined. 

Among the criteria examined, wear resistance, coefficient 
of friction, and high-temperature resistance were the dominant 
contributors. The results of our analysis also indicated that 
Ceramic-Based Composites (CMC) achieved the highest 
closeness coefficient (CCi) of 0.7629, followed by Carbon-
Carbon/Carbon-Silicon Carbide Composite (C-C/SiC) (0.5517) 
and Aluminum Metal Matrix Composites reinforced with 
Silicon Carbide particles (Al-MMC/Al-SiC) (0.4429). 

Future extensions may incorporate fuzzy or interval BWM, 
entropy-based weighting methods, or fuzzy/interval TOPSIS-
LP variants to enhance modeling flexibility and better capture 
uncertainty in expert judgments. Such developments would 
further strengthen the applicability and scalability of the 
proposed framework for high-dimensional and uncertainty-
driven engineering problems. 

ACKNOWLEDGMENT 

This work was supported by the Research of Khon Kaen 
University. 

REFERENCES 

[1] Y. P. Jain, D. Grandi, A. Groom, B. Cramer, and C. McComb, "MSEval: 
A Dataset for Material Selection in Conceptual Design to Evaluate 
Algorithmic Models." arXiv, 2024, 
https://doi.org/10.48550/ARXIV.2407.09719. 

[2] R. V. Rao, "A decision making methodology for material selection using 
an improved compromise ranking method," Materials & Design, vol. 29, 
no. 10, pp. 1949–1954, Dec. 2008, 
https://doi.org/10.1016/j.matdes.2008.04.019. 

[3] A. A. Rahim, S. N. Musa, S. Ramesh, and M. K. Lim, "A systematic 
review on material selection methods," Proceedings of the Institution of 

Mechanical Engineers, Part L: Journal of Materials: Design and 

Applications, vol. 234, no. 7, pp. 1032–1059, July 2020, 
https://doi.org/10.1177/1464420720916765. 

[4] J. C. Sreedhara, N. K. Dayananda, and J. K. Narayana, "Advanced 
composite materials: Innovations in material science and engineering 
applications," World Journal of Advanced Research and Reviews, vol. 
12, no. 2, pp. 701–711, Nov. 2021, 
https://doi.org/10.30574/wjarr.2021.12.2.0574. 

[5] M. A. Maleque, S. Dyuti, and M. M. Rahman, "Material Selection 
Method in Design of Automotive Brake Disc", in Proceedings of the 

World Congress on Engineering (WCE), London, U.K.,  Jul. 2010, vol. 
III, pp. 2322-2326. 

[6] S. A. Awe, "Developing Material Requirements for Automotive Brake 
Disc," Modern Concepts in Material Science, vol. 2, no. 2, Nov. 2019, 
https://doi.org/10.33552/MCMS.2019.02.000531. 

[7] M. Relich, I. Nielsen, and A. Gola, "Reducing the Total Product Cost at 
the Product Design Stage," Applied Sciences, vol. 12, no. 4, Feb. 2022, 
Art. no. 1921, https://doi.org/10.3390/app12041921. 

[8] M. M. A. Bhuiyan and A. Hammad, "A Hybrid Multi-Criteria Decision 
Support System for Selecting the Most Sustainable Structural Material 

for a Multistory Building Construction," Sustainability, vol. 15, no. 4, 
Feb. 2023, Art. no. 3128, https://doi.org/10.3390/su15043128. 

[9] I. Emovon and O. S. Oghenenyerovwho, "Application of MCDM 
method in material selection for optimal design: A review," Results in 

Materials, vol. 7, Sept. 2020, Art. no. 100115, 
https://doi.org/10.1016/j.rinma.2020.100115. 

[10] J. Martínez-Gómez and J. F. Nicolalde, "Brake Disc Material Selection 
Based on MCDM and Simulation," Processes, vol. 13, no. 5, Apr. 2025, 
Art. no. 1287, https://doi.org/10.3390/pr13051287. 

[11] V. Pandey, Komal, and H. Dincer, "A review on TOPSIS method and its 
extensions for different applications with recent development," Soft 

Computing, vol. 27, no. 23, pp. 18011–18039, Dec. 2023, 
https://doi.org/10.1007/s00500-023-09011-0. 

[12] V. Anes and A. Abreu, "Adaptive Cluster-Based Normalization for 
Robust TOPSIS in Multicriteria Decision-Making," Applied Sciences, 
vol. 15, no. 7, Apr. 2025, Art. no. 4044, 
https://doi.org/10.3390/app15074044. 

[13] P. To-on, N. Wichapa, and W. Khanthirat, "A novel TOPSIS linear 
programming model based on response surface methodology for 
determining optimal mixture proportions of lightweight concrete blocks 
containing sugarcane bagasse ash," Heliyon, vol. 9, no. 7, July 2023, Art. 
no. e17755, https://doi.org/10.1016/j.heliyon.2023.e17755. 

[14] W. Phuangpornpitak, W. Boonchom, K. Suphan, W. Chiengkul, and T. 
Tantipanichkul, "Application of TOPSIS-LP and New Routing Models 
for the Multi-Criteria Tourist Route Problem: The Case Study of Nong 
Khai, Thailand," Engineering, Technology & Applied Science Research, 
vol. 14, no. 4, pp. 14929–14938, Aug. 2024, 
https://doi.org/10.48084/etasr.7523. 

[15] A. Sriburum, N. Wichapa, and W. Khanthirat, "A Novel TOPSIS Linear 
Programming Model Based on the Taguchi Method for Solving the 
Multi-Response Optimization Problems: A Case Study of a Fish Scale 
Scraping Machine," Engineered Science, vol. 23, May 2023, Art. no. 
882, https://doi.org/10.30919/es882. 

[16] A. Lawong, A. Kejornrak, N. Kriengkorakot, and P. Kriengkorakot, "A 
BWM-TOPSIS Linear Programming Model for Evaluating the 
Performance of Health-Promoting Hospitals with McKinsey 7s 
Framework in Organizational Management," Journal of Current Science 

and Technology, vol. 14, no. 2, May 2024, 
https://doi.org/10.59796/jcst.V14N2.2024.23. 

[17] S. Varchandi, A. Memari, and M. R. A. Jokar, "An integrated best–worst 
method and fuzzy TOPSIS for resilient-sustainable supplier selection," 
Decision Analytics Journal, vol. 11, June 2024, Art. no. 100488, 
https://doi.org/10.1016/j.dajour.2024.100488. 

[18] A. Eisa and M. Fattouh, "Hybrid MCDM Model of ARAS -TOPSIS - 
GRA for Materials Selection Problem," Journal of Engineering 

Research, vol. 7, no. 2, pp. 1–9, Mar. 2023, 
https://doi.org/10.21608/erjeng.2023.200188.1164. 

[19] P. Kailomsom, P. Nasawat, W. Khunthirat, and W. Phuangpornpitak, "A 
Hybrid Method based on BWM and TOPSIS-LP Model to Assess 
Computer Numerical Control Machines," Engineering Access, vol. 11, 
no. 1, pp. 108–118, June 2025. 

[20] G. Sen, and Z. Haoran, "Fuzzy best-worst multi-criteria decision-making 
method and its applications," Knowledge-Based Systems, vol. 121, pp. 
23–31, Apr. 2017, doi: 10.1016/j.knosys.2017.01.010. 

[21] D. Diakoulaki, G. Mavrotas, and L. Papayannakis, "Determining 
objective weights in multiple criteria problems: The critic method," 
Computers & Operations Research, vol. 22, no. 7, pp. 763–770, Aug. 
1995, https://doi.org/10.1016/0305-0548(94)00059-H. 

[22] M. A. Badri, "A combined AHP–GP model for quality control systems," 
International Journal of Production Economics, vol. 72, no. 1, pp. 27–
40, June 2001, https://doi.org/10.1016/S0925-5273(00)00077-3. 

[23] J. Rezaei, "Best-worst multi-criteria decision-making method," Omega, 
vol. 53, pp. 49–57, June 2015, 
https://doi.org/10.1016/j.omega.2014.11.009. 

[24] J. Rezaei, "Best-worst multi-criteria decision-making method: Some 
properties and a linear model," Omega, vol. 64, pp. 126–130, Oct. 2016, 
https://doi.org/10.1016/j.omega.2015.12.001. 



Engineering, Technology & Applied Science Research Vol. 16, No. 1, 2026, 32739-32746 32746  
 

www.etasr.com Khumla et al.: Multi-Criteria Evaluation of Brake Disc Materials Using BWM-TOPSIS Linear … 

 

[25] G. Haseli et al., "An extension of the best–worst method based on the 
spherical fuzzy sets for multi-criteria decision-making," Granular 

Computing, vol. 9, no. 2, June 2024, Art. no. 40, 
https://doi.org/10.1007/s41066-024-00462-w. 

[26] M. Chérrez Troya, J. Martínez Gómez, E. A. Llanes Cedeño, and D. 
Peralta Zurita, "Multi-criteria Methods Applied in the Selection of a 
Brake Disc Material," Ingenius, no. 20, pp. 83–95, June 2018, 
https://doi.org/10.17163/ings.n20.2018.08. 

[27] A. D. Chheda and R. Hattale, "Selection of Materials for Manufacturing 
of Disc Brake Rotor for a Racing Go-Kart Having Single Hydraulic Disc 
Brake System," in Proceedings of International Conference on 

Intelligent Manufacturing and Automation, H. Vasudevan, V. K. N. 
Kottur, and A. A. Raina, Eds. Singapore: Springer Singapore, 2020, pp. 
435–447. 

[28] M. Singh et al., "Design and Analysis of an Automobile Disc Brake 
Rotor by Using Hybrid Aluminium Metal Matrix Composite for High 
Reliability," Journal of Composites Science, vol. 7, no. 6, June 2023, 
Art. no. 244, https://doi.org/10.3390/jcs7060244. 

[29] P. R. Kanade and R. L. Mankar, "Material selection procedure for disc 
brake rotor", International Journal for Scientific Research & 

Development (IJSRD), vol. 5, no. 4, pp. 1737–1741, 2017. 

[30] A. A. A. Chicktay, S. Bhoir, P. Kokane, and D. Gangar, "Analysis of 
brake rotor material", International Journal of Research in Engineering, 

Science and Management, vol. 1, no. 10, pp. 577–579, Oct. 2018. 

[31] N. Maheshwari, J. Choudhary, A. Rath, D. Shinde, and K. Kalita, "Finite 
Element Analysis and Multi-criteria Decision-Making (MCDM)-Based 
Optimal Design Parameter Selection of Solid Ventilated Brake Disc," 
Journal of The Institution of Engineers (India): Series C, vol. 102, no. 2, 
pp. 349–359, Apr. 2021, https://doi.org/10.1007/s40032-020-00650-y. 

[32] P. S. Shanker, "A review on properties of conventional and metal matrix 
composite materials in manufacturing of disc brake," Materials Today: 

Proceedings, vol. 5, no. 2, pp. 5864–5869, 2018, 
https://doi.org/10.1016/j.matpr.2017.12.184. 

[33] F. Jahan, M. Soni, S. Wakeel, S. Ahmad, and S. Bingol, "Selection of 
Automotive Brake Material Using Different MCDM Techniques and 
Their Comparisons," Journal of Engineering Science and Technology 

Review, vol. 15, no. 1, pp. 24–33, 2022, 
https://doi.org/10.25103/jestr.151.04. 

[34] N. Kumar, A. Bharti, H. S. Goyal, and K. K. Patel, "The evolution of 
brake friction materials: a review," vol. 47, no. 5, pp. 796-815, Nov. 
2021, https://doi.org/10.18149/MPM.4752021_13. 

[35] R. C. Turner and L. Carlson, "Indexes of Item-Objective Congruence for 
Multidimensional Items," International Journal of Testing, vol. 3, no. 2, 
pp. 163–171, June 2003, https://doi.org/10.1207/S15327574IJT0302_5. 


