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Abstract 
Selection of the proper material in manufacturing lightweight railway vehicles is a complex and essential challenge 

considering the available engineering materials. In this paper, the appropriate material has been selected for manufacturing 

railway wagons using a multi-criteria decision-making technique. Six engineering materials including DP600 steel, 

TRIP700 steel, TWIP steel, 6005-T6 aluminum, 60826-T6 aluminum and porous aluminum with closed cells were 

considered as engineering alternatives. Also, density, yield strength, ultimate tensile strength, the ratio of yield strength 

to maximum tensile strength, Young's modulus, cost and corrosion resistance were considered as selection criteria. To 

select the best material according to the mentioned criteria, the MOORA multi-criteria decision-making method was 

applied. By weighting the criteria and performing the analysis, it is found that the TWIP steel and 6082-T6 aluminum 

were chosen as the best candidates and aluminum foam and DP600 steel were selected as the worst candidates. Due to its 

maximum yield strength and ultimate tensile strength compared to other candidates, TWIP steel was chosen as the best 

material considering all criteria. Furthermore, the 6082-T6 material was chosen as the second-best material due to the 

high ratio of yield strength to ultimate tensile strength (0.88) and lower density and higher corrosion resistance than steel 

materials. 
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1. Introduction 

The rail transportation industry is one of the most 

important factors in the growth and development of 

countries [1]. This industry has significant advantages 

such as low fuel consumption, reduction of air 

pollution, ease of moving goods, few accidents, and 

cost savings [2]. Wagon exhaustion and the lack of use 

of lightweight structures in their design and 

construction are among the important factors in the lack 

of development of this industry [3]. In recent years, 

lightweight materials have been widely developed in 

the aerospace and transportation industries [4]. 

Aluminum alloys, magnesium, titanium, high-strength 

steels, and reinforced composites are common 

lightweight materials in these industries [5]. Selection 

of the appropriate material for the manufacturing of 

wagon bodies based on the desired criteria is very 

important and complicated [6]. The body of these 

wagons should have high strength, low weight, and 

acceptable corrosion resistance. Also, the justifiable 

cost for selecting the proper material is also one of the 

key parameters in engineering design issues [7]. 

Advanced high-strength steel (AHSS) has been 

conventionally used in the construction of lightweight 

structures in the railway industry due to their 

extraordinary properties such as excellent mechanical 

strength and good ductility [8]. So far, much research 

has been performed to increase the strength and reduce 

the weight and cost of the AHSS steels used in the 

transportation industry and DP600, TRIP700, and 

TWIP steels are some of them [9]. In addition, the 

mentioned steels have good energy absorption and 

strength against impact compared to aluminum alloys, 

[10]. Aluminum alloys are also widely used in the 

transportation industry due to their unique properties 

such as low weight and high corrosion resistance, of 

which 6xxx series alloys are the most important type 

[11]. In recent years, porous aluminum foams have 

been proposed as a new material in the design of 

engineering structures in order to significantly reduce 

the weight of the structure [12]. These materials are 

widely used in the aerospace, automotive, and rail 

transportation industries due to their unique properties 

such as absorbing sound, energy and impact, 

electromagnetic shielding, and heat insulation [13]. 

With the development of the rail transportation industry 

and the significant costs of designing and 

manufacturing wagons, engineers have decided to 

select the best material for manufacturing such parts by 

providing intelligent methods. Since different criteria 

must be considered in selecting the desired material 
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from among many available options, the multi-criteria 

decision-making (MCDM) method is proposed as a 

useful and effective tool [14 

This research deals with the selection of the best 

material for the construction of rail industry wagon 

bodies. Six widely used engineering materials, 

including DP600 steel, TRIP700 steel, TWIP steel, 

6005-T6 aluminum, 60826-T6 aluminum, and porous 

aluminum with closed cells are considered alternatives. 

Then, seven criteria namely density (ρ), yield strength 

(𝜎𝑦), ultimate strength (𝜎𝑢), ratio of yield strength to 

ultimate tensile strength (𝛼), Young's modulus (𝐸), cost 

(𝐶), and corrosion resistance (𝑅) are considered criteria. 

Finally, the best material will be selected for 

manufacturing the wagon bodies by using the MOORA 

method.  

 

2. Methodology  

Table 1 shows the engineering properties of the 

considered materials for manufacturing the wagon 

bodies used in the railways' industry. In this paper, both 

objective and subjective methods were examined to 

assign proper weights to criteria. Table 2 presents the 

Entropy weights calculated by Eqs. (1) to (4) [15]. 

 

Table 1. Properties of the considered materials [13] 

Al-

foam 

6082- 

T6 

6005- 

T6 
TWIP 

TRIP- 

700 

DP- 

600 
 

1000 2700 2700 8050 8050 8050 
 ρ

)3(kg/m 

20 250 240 750 520 410 
σy 

(MPa) 

30 310 260 1000 800 700 
σu 

(MPa) 

0.66 0.88 0.9 0.75 0.5 0.58 α 

12 70 69 200 200 200 
E 

(GPa) 

46 1.9 1.9 1.5 0.55 0.55 
C 

($/kg) 

3 3 3 1 1 1 R 

 
Table 2. Criteria weights calculated by Entropy 

method 

Weight Criteria 

0.001 )3(kg/m ρ 

0.038 
σy 

(MPa) 

0.058 
σu 

(MPa) 

0.173 α 

0.031 
E 

(GPa) 

0.637 
C 

($/kg) 

0.063 R 

 

(1) i=1, 2, …, m;    j=1, 2, …, n 
𝑟𝑖𝑗 =

𝑥𝑖𝑗

√∑ 𝑥𝑖𝑗
2𝑚

𝑖=1

 

 

(2) 𝑒𝑗 = −
1

𝑙𝑛𝑚
∑𝑛𝑖𝑗 𝑙𝑛(𝑛𝑖𝑗)

𝑚

𝑖=1

 

 

(3) 𝑑𝑗 = |1 − 𝑒𝑗| 

 

(4) 𝐸𝑗 =
𝑑𝑗

∑ 𝑑𝑗
𝑛
𝑗=1

 

 

In the above equations, i and j denote the number of 

alternatives (6) and criteria (7), respectively. As can be 

deduced from Table 2, there is a big difference between 

the obtained weights. Hence, according to reference 

[13], the subjective method was used to weight the 

criteria, which is based on the experience and opinion 

of the decision-maker. Figure 1 depicts the used 

subjective weights. Afterward, the criteria selection 

was carried out using the MOORA method as given by 

Eq. (5) in which 𝑔 is the number of criteria that should 

be maximized i.e. yield strength, ultimate strength, ratio 

of yield strength to ultimate tensile strength, Young's 

modulus and corrosion resistance. Also, (𝑛 − 𝑔) is the 

number of criteria that should be minimized (cost and 

density). Each alternative that allocates the highest 

value of 𝑦𝑖
∗, will be considered as the best selection 

[16]. 

 

 
Figure 1. The used subjective weights 

 

(5) 𝑦𝑖
∗ =∑𝐸𝑗𝑟𝑖𝑗 − ∑ 𝐸𝑟𝑖𝑗

𝑛

𝑗=𝑔+1

𝑔

𝑗=1

 

 

3. Results and Discussion 

Figure 2 illustrates the ranking results of criteria carried 

out by the MOORA method. As is shown, the TWIP 

steel has the best rating and, as a result, it will be 

selected as the best option for the manufacturing wagon 

body railway transport industry. On the other hand, 

aluminum foam was selected as the worst option due to 

its lowest rank. 
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Figure 2. Ranking results of criteria 

 

4. Conclusions 

In this paper, the multi-criteria decision-making 

(MCDM) method was used to select the best material 

for manufacturing wagon bodies used in the railway 

transport industry. Six materials including DP600 steel, 

TRIP700 steel, TWIP steel, aluminum 6005-T6, 

aluminum 6082-T6, and closed-cell porous aluminum 

were considered as Alternatives. Moreover, their 

properties including density, yield strength, ultimate 

tensile strength, the ratio of yield strength to ultimate 

tensile strength, Young's modulus, cost, and corrosion 

resistance were considered as criteria. After assigning 

subjective weights to criteria, the best candidate was 

selected using the MOORA method. The results 

showed that TWIP steel and AA6082-T6 are the best 

options, respectively. On the other hand, aluminum 

foam and DP600 steel were selected as the worst 

options. 
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