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Abstract: Due to the increased focus on energy efficiency, environmental sustainability, and improved 

performance in the rail transportation industry, the choice of lightweight materials for railway vehicles has 

attracted a lot of attention in recent years. Numerous benefits of using lightweight materials include less 

energy use, increased cargo capacity, improved operational efficiency, and improved safety.Locomotives, 

passenger trains and goods waggons have all historically been constructed from common materials like steel 

and cast iron. However, the search for substitute materials that can offer the desired properties while lowering 

the overall weight of the vehicles has been pushed by the growing demand for faster speeds, greater ranges, 

and more effective operations. In a variety of industries, including aerospace and automotive, the use of 

lightweight materials, such as aluminium alloys, composite materials, and cutting-edge high-strength steels, 

has demonstrated encouraging outcomes. Excellent mechanical qualities, high strength-to-weight ratios, 

corrosion resistance, and improved structural integrity are all characteristics of these materials. By using 

them, railway vehicles may significantly reduce their weight without sacrificing performance or safety. In the 

subject of transportation engineering, the choice of lightweight materials for rail vehicles has important 

research implications. By increasing energy efficiency, lowering emissions, and enhancing overall 

performance, the use of lightweight materials in railway vehicles has the potential to completely transform the 

sector. By addressing the urgent issues of environmental impact and energy consumption, this research helps 

to design sustainable and effective railway systems. This study paves the way for the design and construction 

of sophisticated, lightweight railway vehicles that can meet the demands of modern transportation while 

reducing their environmental impact by examining the selection criteria, performance evaluation, and 

application of lightweight materials. This study also offers valuable insights for engineers, policymakers, and 

industry stakeholders. The Weighted Aggregated Sum Product Assessment (WASPAS) method is a valuable 

tool for decision-makers facing complex decision-making challenges. By integrating the strengths of the 

weighted sum and weighted product methods, WASPAS provides a comprehensive evaluation framework that 

considers multiple criteria and their relative importance.The ability to assign weights to criteria allows 

decision-makers to reflect their preferences and priorities in the evaluation process. This ensures that 

important criteria have a significant impact on the overall assessment of alternatives.Furthermore, the 

inclusion of both additive and multiplicative components in the aggregation process enhances the 

sophistication of the evaluation. The weighted sum score captures the cumulative performance of alternatives, 

while the weighted product score considers the potential synergies and interactions among criteria. This 

comprehensive approach enables decision-makers to make more informed and nuanced decisions.WASPAS 

offers a planned and methodical approach to decision-making, guiding decision-makers through a structured 

evaluation process. By providing a thorough analysis of alternatives, WASPAS helps decision-makers navigate 

the complexities of multi-criteria decision-making and select the most suitable option.Overall, the WASPAS 

method is a valuable tool that empowers decision-makers to make informed choices by considering a variety 

of factors and their relative importance. Its systematic approach and comprehensive evaluation framework 

make it a practical solution for addressing complex decision-making difficulties. Alternative parameters taken 

as Dual Phase, DP600, Transformation Induced Plasticity, TRIP700,Twinning Induced Plasticity, 

TWIP,Aluminium, Al6005‑T6,Aluminium, Al6082‑T6,Porous Structure (Al—Closed cell). Evaluation 

parameters taken as "Density(kg/m3 )", "Yield Strength(Y.S.),MPa", "Tensile strength(T.S.),MPa", "Youngs 

Modulus(GPa)", "PriceUS$/kg" , "Corrosion Resistance" This demonstrates the rank of the data set 

Twinning Induced Plasticity, TWIP,is on 1st Rank, Transformation Induced Plasticity, TRIP700 is on 2nd Rank, 

DualPhase, DP600 is on 3rd Rank, Aluminium, Al6082-T6 is on 4th Rank, Aluminium, Al6005-T6 is on 5th Rank 
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and Porous Structure (Al—Closed cell) is on 6th Rank. In conclusion, choosing lightweight materials for rail 

cars has many advantages, including lower energy use, higher cargo capacity, and better performance. 

Materials like aluminium alloys and composites offer the necessary strength-to-weight ratio, corrosion 

resistance, and durability needed for railway applications, fostering efficiency and sustainability in the 

transportation industry. 

Keywords: WSM(Weighted Sum Model),WASPAS(Weighted Aggregated Sum Product 

Assessment),WPM(Weighted Product Model), Railway car body, lightweight design, extrusion. 

1. INTRODUCTION 
The use of lightweight materials in railway vehicles has developed into a crucial tactic for enhancing their 

effectiveness. The overall weight of the vehicles can be greatly decreased by choosing suitable lightweight materials 

like aluminium alloys and fibre reinforced composites. This increases their structural integrity as well as their energy 

efficiency. Innovative and lightweight car body constructions have been developed employing optimisation 

approaches in addition to material selection. To create next-generation railway car bodies, researchers have studied 

ideas like topological optimisation. The idea of multi-functionality has also been used to create periodic cellular 

metals, which can absorb outside energy while still supporting structural integrity. By making it possible to create 

lighter, more efficient, and environmentally friendly cars, these developments in material choice, design 

optimisation, and multi-functionality have the potential to completely transform the railway sector.[1] 

In this case study, the focus is on meeting the structural requirements and safety criteria outlined by the CEI EN 

45545-2 Standard, which addresses smoke and fire regulations in railway systems. The challenge lies in deploying a 

composite roof for railway car bodies that fulfills these requirements. Previous methods have utilized thermosetting 

resins to meet the standards.The case study introduces a new approach where a flatwise panel made of a new 

generation of thermosetting composite material, integrated with additive elements, is optimized in terms of geometry 

and mass. The aim is to develop a solution that not only meets the stringent safety standards but also allows for a 

reduction in the weight of existing metal components in railway carriages.The ultimate goal of this ongoing work is 

to achieve reliable and compliant results that align with the required standards. However, due to confidentiality 

reasons, specific details regarding the materials used and design solutions are limited.This case study highlights the 

importance of continuously improving and innovating in the field of composite materials for railway applications. 

By optimizing the geometry and mass of the composite panel, it is expected that lighter yet reliable components can 

be achieved, enhancing the overall performance and safety of railway carriages.It is anticipated that the outcomes of 

this study will contribute to the development of advanced composite solutions that meet the rigorous safety 

standards of the railway industry, while also providing potential weight reduction benefits.[2] 

In railroad cars, glass has typically been the material of choice for windows, draught screens, luggage racks, and 

storage. However, compared to glass components of comparable diameters, the development of polycarbonate 

glazing especially made for these applications has resulted in significant weight savings. Weight can be decreased 

by utilising smaller bodyside windows, and in the event of a rollover, the bodyside structure's enhanced stiffness can 

help avoid structural collapse and lower the chance of passenger ejections. This demonstrates the potential 

advantages of using lightweight materials and improved window designs in rail cars to increase both safety and 

productivity.[3] 

It is crucial to take the interaction between service loads, material qualities, geometry, and manufacturing 

procedures into account in order to fully take use of high-strength steels' advantages while building lightweight 

structures. The effectiveness of this interaction is key in deciding how long the structure will last. High-strength 

steels can have their stress concentrations decreased and their fatigue performance improved by altering the 

geometry and production procedures.High-strength steels have a number of beneficial properties, including an 

excellent capacity to absorb energy, which makes them perfect for designing against impact loads and accidents. 

Modern vehicle architectures successfully utilise these advantages by utilising a multi-material philosophy. 
Materials are selected in accordance with projected service loads and the unique strength requirements of various 

structural zones. With this method, high-strength steels can be used to their fullest potential where their special 

qualities are most required, while other materials can be used where different requirements apply.High-strength 

steels can be strategically used to generate lightweight designs with improved durability and crashworthiness by 

taking into account the interaction between loads, material attributes, geometry, and manufacturing processes.[4] 
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British Railways has been a pioneer in the use of glass fibre reinforced polymers (GRP) in the UK railway industry. 

GRP doors were introduced in the 1950s for suburban electric stock due to their superior fatigue life compared to 

cast aluminium and steel panels. Over the years, GRP has been widely incorporated into rolling stock for structural 

and aesthetic purposes.The railway industry has increasingly embraced GRP due to its ability to meet specific 

requirements such as limited production runs, complex geometries, fire resistance, design flexibility, low 

maintenance, self-coloring, and durability. Currently, short fiber glass in a polyester matrix with relatively low 

volume fractions is the primary material used in GRP components.However, engineers are recognizing the potential 

of composites made with continuous fibers of glass, carbon, and aramid at larger volume fractions. This 

advancement enables the development of structural materials with exceptional strength-to-weight ratios. As a result, 

the railway sector has an ongoing development program focused on high-performance composites.The acceptance 

and integration of GRP materials by design engineers in the UK railway environment have solidified its position as a 

reliable and preferred choice. Nevertheless, there is a continued drive to explore high-performance composites, 

driven by the desire to advance materials science and discover even more effective and lightweight solutions for the 

industry.The ongoing research and development efforts in the railway sector underscore the commitment to 

innovation and the pursuit of materials that offer improved performance, efficiency, and sustainability in rail 

transportation.[5] 

The transportation industry, which includes railroads, has a big impact on the environment. The industry is 

investigating light-weighting solutions, which involve replacing heavier options with innovative designs and 

materials, to lessen this impact. Following the allowed axle loads is essential in the railway sector. Rail vehicles 

often weigh more per passenger than other types of transportation, hence light-weighting is a significant 

factor.Reduced energy consumption, the potential for faster speeds, an increase in payload capacity, and component 

reduction are just a few advantages of lightweighting. The implementation of a light-weighting technology designed 

for high-speed trains is the main topic of this work. The strategy entails integrating cutting-edge sandwich 

technology into the rail vehicle's load-carrying framework without sacrificing ride comfort or safety. The major goal 

is to assess acceptable material alternatives while taking into account the specifications for a rail vehicle's load-

carrying structure for various sections of the train's car body. The goal of the study is to create design principles that 

clarify why and how certain material choices satisfy structural demands. By following these recommendations, rail 

vehicles' weight can be decreased while still preserving their performance and structural integrity. This study 

advances the development of effective and sustainable rail transportation systems.[6] 

In order to create lightweight railway vehicles with enhanced performance and energy efficiency, interdisciplinary 

design methodologies must be integrated. Previous studies by Dietz et al., Arnold, and Miao et al. investigated the 

use of multidisciplinary analysis tools, such as finite element methods and multi-body system dynamics, to estimate 

the life, durability, and fatigue behaviour of different components in railway cars.Cho et al. and Wennberg et al. 

have developed strategies that incorporate material selection and size optimisation to reduce weight in train car 

bodies while retaining structural integrity. These strategies are consistent with the lightweight design methodology. 
The vibrations of the carbody structure have an impact on ride comfort, a crucial component of the passenger 

experience. In order to improve ride comfort, Dumitriu has presented a passive method to lower vertical bending 

vibrations in railway carriages.Although lightweight design has advantages, it should be noted that due to high-

frequency stimulation during operation, it can also result in resonance effects and decreased ride comfort. Therefore, 

it is vital that throughout the design phase, the trade-off between preserving passenger comfort and the train's anti-

fatigue performance is taken into account. The overall conclusion of these studies emphasises the importance of 

multidisciplinary approaches in addressing the difficulties and opportunities posed by lightweight design in railway 

vehicles, with the ultimate objective of achieving higher speeds, lower energy consumption, improved ride comfort, 

and operational performance.[7] 

Effective end-of-life (EoL) treatment of these vehicles is required due to the growing attention that manufacturers, 

transport companies, and customers are giving to environmental issues. The current study investigates the EoL 

treatment of a panel of railway vehicles in response to this. The essay is set up like follows:A description of EoL in 

relation to railway cars is given in Section 2. This entails a look at the number of moving vehicles, predictions of the 

EoL numbers, treatment methods, and current recommendations. In addition, a study of the literature on 

environmental product declarations (EPD) and life cycle assessment (LCA) is conducted. The assessment of the 

rates of recoverability and recycling of three sample railway cars is the main topic of Section 3. For this evaluation, 

the calculating method created by the European Rail Industry (UNIFE) within the parameters of Product Category 
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Rules (PCR) is used.The outcomes and results of the evaluation are given and discussed in Section 4. Analysis of the 

recycling and recoverability rates is done, with a focus on how lightweighting affects these rates. Additionally, a 

sensitivity analysis is done to investigate various teardown situations. Section 5 concludes with summarising the 

study's findings.By taking into account the environmental impact and sustainability of EoL treatment practises for 

railway vehicles, this research intends to contribute to their knowledge and development. The study encourages the 

adoption of more environmentally friendly practises throughout the life cycle of railway cars by revealing 

information about recyclability and recoverability rates as well as the impact of lightweighting.[8] 

A major problem for the rail business is the lightweighting of railway cars, with a focus on lowering the unsprung 

masses. The bodies below the primary suspension, including wheelsets, are referred to as the "unsprung masses." 

These unsprung masses directly influence the track, creating dynamic forces that may hasten track system 

deterioration and destruction.The suspension system design for the sprung masses (such car bodies and bogie 

frames) can help reduce the dynamic effects in order to solve this problem. The unsprung masses' inertial effects 

continue to provide a problem, nevertheless. Large dynamic forces are applied to the track as a result of these 

impacts, which can cause a variety of damage to the rails, including rolling contact fatigue damage, track geometry 

deterioration, and localised damage at level crossing panels.In addition to being essential for the longevity and 

upkeep of the track system, lowering the unsprung masses also helps to dampen vehicle vibration and noise. The 

environmental impact of railways can be reduced by reducing these dynamic pressures, resulting in a more 

sustainable and effective transportation system.In order to improve track durability, increase ride comfort, and 

reduce the environmental impact of the rail sector, the reduction of unsprung masses is a crucial factor in the design 

and development of lightweight railway vehicles.[9] 

Four design components were the main focus of the study's optimisation method, and their thicknesses were 

restricted to a range of values. The first vertical bending frequency was maximised while taking into account the 

computational capabilities of the computer system employed during the modal optimisation process. Given that 

there were four variable circumstances, the overall computational time came to 160 minutes, with about 20 minutes 

needed for each variable condition.According to Table 8's results from the optimisation process, the first vertical 

bending frequency increased from 9.70 Hz to 10.60 Hz. However, it was noted that the overall automobile body's 

weight went up from 39.44 tonnes to 40.37 tonnes. It was observed that the majority of the design variables reached 

their thickest possible limits, demonstrating the success of the modal sensitivity optimisation strategy. This 

efficiency, nevertheless, came at the expense of more structural bulk.Overall, the study showed the trade-off 

between increasing the frequency of bending and the ensuing weight rise. The results highlighted how crucial it is to 

take structural performance and weight optimization into account when designing railway vehicle components.[10] 

The railway industry has been slower in adopting lightweight materials, such as fiber-reinforced composites, 

compared to other sectors like aerospace, automotive, and marine. The high cost of these materials has been a 

significant barrier to their widespread use in railways. However, when considering life-cycle costing, composite 

designs have the potential to reduce manufacturing costs by streamlining production processes, reducing the number 

of parts, assembly stages, and assembly time. Through an analysis of the mass distribution of a typical six-car metro 

vehicle conducted during the MODURBAN European rail project, it was found that bogies, the undercarriage parts 

of the train, contribute the most to the total tare mass, accounting for 41% of it. As a result, bogies are considered a 

prime target for light weighting initiatives in rail vehicles. By exploring light weighting possibilities, the railway 

industry could significantly reduce the weight of bogies and other structural elements. This could lead to several 

benefits, including increased cargo capacity, improved energy efficiency, and lower operating costs. Despite the 

initial challenges, the use of lightweight materials in rail vehicles has the potential to enhance efficiency and 

sustainability in the sector. Continued research and development efforts focused on light weighting techniques and 

cost-effective composite materials are essential for driving innovation and promoting the widespread adoption of 

lightweight solutions in the railway industry.[11] 

A railway carriage's weight distribution demonstrates that the bogie and the car's running gear, in particular, are 

major contributors to the overall weight. Without accounting for interior linings, the running gears make up around 

35% of the weight of the car, while the body structure makes up about 25%. The equipment and internal linings are 

to blame for the remaining weight. Due to the numerous constraints linked to safety and operation, it is difficult to 

achieve weight savings in the running gears. Optimizing the car's body and inner linings is therefore essential for 

producing a light carriage. Multiple aspects, including as safety, operational effectiveness, technological 
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considerations, cost-effectiveness, and performance, must be taken into account while developing a lightweight 

train. For the train shell, using strong yet lightweight materials such tough and light metals can improve 

crashworthiness and collision energy management while lowering wear in the wheel/rail interface. The hybrid car 

body design, which uses sandwich composites made of aluminium honeycomb and carbon fiber-reinforced polymer 

(CFRP) for the wall-side and roof components, can also help to lower the mass of the entire train. Additionally, a 

lightweight train body has benefits for increasing a tilting train's running speed, especially in mountainous areas. 

The efficiency of transportation in such areas can be increased by reducing the weight of the carriage, improving 

overall performance and service quality.[12] 

Several Life Cycle Assessment (LCA) studies have been conducted to evaluate the environmental impact of 

composite materials used in transportation applications. Researchers such as Gibson (2000) and Margand et al. 

(2003) have emphasized the significance of the use phase in contributing to the environmental burden, particularly 

due to the direct relationship between energy consumption and vehicle weight. Therefore, reducing weight becomes 

crucial in minimizing the impact during the use phase.To comprehensively assess the environmental effects, it is 

essential to have a deep understanding of the processes, materials, energy consumption, and emissions involved. 

Gathering data directly from the manufacturing facilities and collaborating with producers is vital. Moreover, using 

a Life Cycle Inventory (LCI) database that considers local factors is necessary as energy production and its 

environmental implications can vary significantly between countries.By considering these factors, a more accurate 

evaluation of the environmental impact of composite materials in transportation can be achieved. This knowledge 

can guide decision-making processes towards selecting materials and designs that minimize environmental load and 

promote sustainability. Continuous research and improvement in LCA methodologies, data collection, and database 

development are crucial for advancing our understanding of the environmental performance of composite materials 

and further promoting their use in transportation applications.[13] 

 

2. MATERIALS & METHODS 
 
Alternative parameters: Dual Phase, DP600, Transformation Induced Plasticity, TRIP700,Twinning Induced 

Plasticity, TWIP,Aluminium, Al6005‑T6,Aluminium, Al6082‑T6,Porous Structure (Al—Closed cell) 

Dual Phase, DP600:  Dual Phase (DP600) is a high-strength steel that is commonly used in the automotive industry 

for structural applications. It belongs to the class of advanced high-strength steels (AHSS) and is known for its 

excellent combination of strength, formability, and crash performance. The DP600 steel undergoes a unique heat 

treatment process that results in a microstructure consisting of two phases: a soft ferrite phase and a hard marten site 

phase. This dual-phase microstructure gives the steel its distinctive mechanical properties, including high tensile 

strength, good elongation, and improved energy absorption capabilities, making it well-suited for applications that 

require both strength and formability, such as automotive body panels and structural components. 

Transformation Induced Plasticity, TRIP700: Transformation Induced Plasticity (TRIP700) is an advanced high-

strength steel that exhibits remarkable mechanical properties due to its unique microstructure and composition. It is 

commonly used in industries such as automotive and aerospace, where high strength and excellent energy absorption 

are essential.TRIP700 steel derives its name from the transformation-induced plasticity mechanism it exhibits during 

deformation. It undergoes a phase transformation from austenite to marten site under stress, which leads to 

significant strain hardening and increased ductility. This characteristic enables the steel to absorb and dissipate 

energy effectively, making it highly suitable for applications that require impact resistance and crashworthiness. 

Additionally, TRIP700 steel offers excellent strength-to-weight ratio, corrosion resistance, and good formability, 

making it a versatile material for various structural components. 

Twinning Induced Plasticity, TWIP: Twinning Induced Plasticity (TWIP) is a unique mechanism observed in 

certain high-manganese steels, where plastic deformation occurs through the formation and movement of twin 

boundaries. This mechanism imparts exceptional strength and ductility to the material, making it highly suitable for 

applications that require both high strength and good formability.TWIP steels are characterized by their ability to 

undergo extensive deformation without fracture, thanks to the formation of nanoscale twins during plastic 

deformation. These twins inhibit dislocation movement and contribute to the material's high strain hardening 

capacity and excellent ductility. TWIP steels are commonly used in industries such as automotive and aerospace, 

where lightweight materials with superior crash resistance and energy absorption capabilities are required. 
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Additionally, TWIP steels exhibit good corrosion resistance, making them suitable for various structural and load-

bearing components. 

Aluminium, Al6005‑T6: Aluminium alloy Al6005-T6 is a widely used material in the construction and 

manufacturing industries due to its excellent strength-to-weight ratio. It is a heat-treatable alloy with good 

mechanical properties, including high tensile strength and yield strength. The T6 temper refers to the solution heat 

treatment followed by artificial aging, which further enhances the material's strength and hardness.Al6005-T6 offers 

excellent corrosion resistance, particularly in outdoor and marine environments. It is resistant to atmospheric 

corrosion, making it suitable for applications exposed to moisture, UV radiation, and harsh weather conditions. This 

corrosion resistance is due to the formation of a thin, protective oxide layer on the surface of the alloy, which 

prevents further oxidation and degradation. As a result, Al6005-T6 is commonly used in the construction of 

structural components, such as building facades, window frames, and outdoor structures, where durability and 

longevity are essential. 

Aluminium, Al6082‑T6: Aluminium alloy Al6082-T6 is a popular choice for structural applications due to its high 

strength and excellent machinability. The T6 temper involves solution heat treatment and artificial aging, which 

results in a material with enhanced mechanical properties, including increased tensile strength, yield strength, and 

hardness. This makes Al6082-T6 well-suited for load-bearing structures where strength and durability are crucial, 

such as in the aerospace, automotive, and construction industries.Al6082-T6 exhibits good corrosion resistance, 

especially in marine and industrial environments. It forms a protective oxide layer on its surface, which acts as a 

barrier against corrosion and helps maintain its integrity over time. This corrosion resistance makes it suitable for 

applications exposed to moisture, seawater, and various chemicals. Additionally, Al6082-T6 can be easily welded, 

allowing for efficient fabrication and joining processes. These properties, combined with its lightweight nature, 

make Al6082-T6 a versatile choice for a wide range of applications, including structural components, transportation 

equipment, and manufacturing machinery. 

Porous Structure (Al—Closed cell): Porous structures with a closed-cell aluminum (Al) configuration offer unique 

properties that make them suitable for various applications. The closed-cell structure refers to a network of 

interconnected voids or pores within the material. These pores are sealed, resulting in a structure that is impermeable 

to fluids and gases. This characteristic makes closed-cell porous aluminum structures highly desirable for 

applications that require lightweight materials with excellent strength and insulation properties.The porous structure 

of closed-cell aluminum enables enhanced energy absorption and impact resistance. When subjected to external 

forces or impacts, the interconnected pores in the material act as energy dissipaters, effectively absorbing and 

distributing the energy throughout the structure. This property makes closed-cell porous aluminum structures ideal 

for applications such as crash pads, protective equipment, and impact-resistant components in automotive, 

aerospace, and sports industries. The controlled porosity allows for tailored energy absorption capabilities, providing 

a balance between structural integrity and cushioning effects. 

Density(kg/m3 ): Density is a physical property that represents the mass of a substance per unit volume. It is 

typically measured in kilograms per cubic meter (kg/m³). The density of a material provides valuable information 

about its compactness and the amount of mass it contains within a given volume.Density plays a crucial role in 

various scientific and engineering fields. In materials science, density is often used to determine the suitability of a 

material for specific applications. Materials with higher densities, such as metals, are generally preferred for 

structural components where strength and durability are important. On the other hand, materials with lower 

densities, like polymers and foams, are often chosen for applications that require lightweight structures or insulation 

properties.Understanding the density of a material is also essential in other areas, such as fluid mechanics. In fluid 

dynamics, the density of a fluid is a key parameter in determining its behavior, including buoyancy, pressure, and 

flow characteristics. For example, in hydrodynamics, the density of a fluid is used to calculate the buoyant force 

exerted on objects immersed in the fluid and to determine the stability of floating or sinking bodies. 

Yield Strength(Y.S.),MPa: Yield strength (Y.S.) is a crucial mechanical property that measures a material's ability 

to withstand stress without undergoing permanent deformation. Measured in megapascals (MPa), it indicates the 

maximum stress a material can sustain before transitioning from elastic to plastic behavior.Tensile testing is 

commonly used to determine the yield strength of a material. This test involves applying increasing tensile forces to 

a specimen until it reaches its yield point. At this point, the material undergoes plastic deformation, meaning it 
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retains a permanent change in shape or size even after the load is removed.The yield strength is essential for 

assessing the structural integrity of materials and components. Engineers rely on this parameter to select suitable 

materials for specific applications and ensure their reliable performance under normal operating conditions. By 

considering the yield strength, engineers can design structures that can withstand the expected stress levels without 

experiencing deformation or failure.Understanding the yield strength is vital for making informed decisions in 

various industries, including aerospace, automotive, construction, and manufacturing. It enables engineers to 

optimize designs, enhance safety, and ensure the longevity and performance of materials and components. 

Tensile Strength(T.S.),MPa: Tensile strength (T.S.) is a fundamental mechanical property that measures a 

material's ability to resist breaking or fracturing under tensile or pulling forces. It is represented by the maximum 

stress a material can withstand before experiencing failure in tension.The determination of tensile strength is 

typically done through tensile testing, where a sample of the material is subjected to increasing tensile loads until it 

reaches its breaking point. The maximum load applied to the specimen during the test is divided by the original 

cross-sectional area to calculate the tensile strength.Tensile strength is a critical parameter in engineering and design 

across various industries. It provides essential information about a material's strength and durability when subjected 

to tensile forces. By understanding the tensile strength, engineers can select materials suitable for applications 

requiring high tensile strength, such as structural components in buildings, bridges, or aerospace 

structures.Moreover, tensile strength plays a vital role in evaluating the safety and reliability of materials and 

structures. It helps engineers determine the maximum load a material can safely bear before failure occurs. By 

comparing the tensile strength to expected loads and stresses in real-world applications, engineers ensure that the 

material will perform reliably and safely.In manufacturing, tensile strength serves as a crucial quality control 

parameter. Manufacturers must ensure that the materials they produce meet specified tensile strength requirements 

to guarantee performance and safety. Conducting tensile tests on samples from the production line allows 

manufacturers to verify compliance with the required tensile strength standards and make any necessary 

adjustments.Overall, tensile strength is a key property used in material selection, structural design, and quality 

assurance processes to ensure the strength, reliability, and safety of various components and structures.. 

Youngs Modulus(GPa): Young's modulus, measured in gigapascals (GPa), is a fundamental material property that 

quantifies the stiffness or elasticity of a material. It represents the ratio of stress to strain within the elastic range of 

deformation.Young's modulus is determined by subjecting a material to a tensile test and measuring the resulting 

deformation. It is calculated by dividing the stress applied to the material by the strain experienced. The resulting 

value indicates how much a material will deform under a given load and provides insights into its ability to 

withstand elastic deformation without permanent damage.Young's modulus is a crucial parameter in material 

selection and design. It helps engineers determine the behavior of a material under different loading conditions and 

predict how it will respond to applied forces. Materials with higher Young's modulus are stiffer and exhibit less 

deformation under load, while those with lower Young's modulus are more flexible and prone to greater 

deformation.The knowledge of Young's modulus is essential in various engineering fields. It is used in structural 

design to ensure that materials can withstand the loads and forces they will encounter. Engineers also rely on 

Young's modulus when calculating deflections, predicting the performance of components, and analyzing the 

stability of structures.Young's modulus is particularly important in materials with elastic behavior, such as metals, 

ceramics, and some polymers. It provides valuable information for selecting appropriate materials for specific 

applications, optimizing designs for desired stiffness, and predicting material response under different mechanical 

loads. 

Price US$/kg: Price per kilogram (US$/kg) is an important factor to consider when evaluating materials for various 

applications. It represents the cost of the material per unit weight and is a key consideration in budgeting and cost 

estimation for projects.The price of a material per kilogram can vary significantly based on factors such as 

availability, demand, production processes, and market conditions. Different materials have different price ranges, 

and the choice of material for a specific application may be influenced by its cost-effectiveness and 

affordability.Considering the price per kilogram helps in making informed decisions regarding material selection, 

especially when there are budget constraints or when cost optimization is a priority. It allows engineers and 

decision-makers to evaluate the trade-off between the desired material properties and the associated costs.In addition 

to the price per kilogram, it is essential to consider other factors such as the performance requirements, durability, 

availability, and sustainability of the material. While price is an important consideration, it should be balanced with 

the desired performance and quality of the final product or application.The price per kilogram can vary over time 
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due to market fluctuations, changes in raw material costs, and advancements in manufacturing processes. It is 

important to stay updated on pricing trends and engage with suppliers or market experts to ensure accurate cost 

estimations and budgeting. 

Corrosion Resistance: Corrosion resistance is a crucial property of materials, especially in environments where 

exposure to moisture, chemicals, or other corrosive substances is expected. It refers to the ability of a material to 

withstand the process of corrosion and maintain its structural integrity and functionality over time.The corrosion 

resistance of a material is influenced by its chemical composition, surface treatment, and protective coatings. 

Materials that exhibit high corrosion resistance can resist the degradation caused by oxidation, rusting, pitting, or 

chemical reactions, resulting in extended service life and reduced maintenance costs.Corrosion resistance is 

particularly important in industries such as automotive, marine, aerospace, and construction, where materials are 

exposed to harsh conditions or corrosive environments. Choosing a corrosion-resistant material ensures the 

longevity and reliability of structures, equipment, or components, even in challenging operating conditions.Factors 

such as the presence of corrosive agents, temperature, humidity, and exposure duration need to be considered when 

assessing the corrosion resistance of a material. Certain materials, such as stainless steel, aluminum alloys, or 

corrosion-resistant alloys, are specifically designed to offer excellent resistance to corrosion, making them suitable 

for applications where protection against corrosion is paramount.Corrosion resistance can be enhanced through 

various methods, including the use of protective coatings, surface treatments, alloying elements, or design 

considerations that minimize moisture or corrosive substance contact. Regular inspections, maintenance, and proper 

material selection based on the anticipated corrosion environment are essential to mitigate the risk of corrosion-

related failures and ensure long-term durability. 

 

WASPAS Method: The weighted aggregated sum product assessment (WASPAS) approach is a recently developed 

Multiple Attribute Decision Making (MADM) technique introduced by Zavadskas et al. in 2012. It aims to enhance 

the accuracy of ranking alternatives by leveraging the advantages of the weighted sum model (WSM) and weighted 

product model (WPM).The WASPAS approach improves ranking accuracy by combining the WSM and WPM 

methodologies. It incorporates an ideal combination parameter that is computed throughout the decision-making 

process, although the specific details of this parameter are not provided in the literature.The overall goal of the 

WASPAS method is to improve the precision of rankings in decision-making scenarios. By utilizing a combination 

of the WSM and WPM, it offers a valuable approach to address the challenges of MADM. It provides decision-

makers with a useful tool for evaluating and ranking alternatives, leading to more informed and accurate decision 

outcomes.[6] 

 

The article focuses on the planning of waste incineration plant construction sites, considering ecological, 

technological, and urban factors, with a specific emphasis on sustainability. The main objective is to demonstrate the 

application of multi-criteria decision methods (MCDM) in addressing the practical challenge of selecting 

appropriate locations for waste incineration facilities.The study proposes a combined approach that integrates the 

Weighted Sum Model (WSM) and the Weighted Product Model (WPM), two well-known criteria for optimization. 

This combination approach is named WASPAS, which stands for Weighted Aggregated Sum Product Assessment. 

The researchers examine the suitability and effectiveness of this method for decision-making in waste incineration 

plant site selection. To tackle the issue, they introduce a modified version called WASPAS-SVNS, which 

incorporates single-valued neutrosophic sets.The inclusion of single-valued neutrosophic sets in the decision-making 

process is an extension of the original WASPAS approach. The aim is to address the challenges of site planning for 

waste incineration plants more comprehensively by considering a range of factors and incorporating sustainability 

considerations.The overall objective of the paper is to showcase how the WASPAS-SVNS technique can be utilized 

to address the complexities of site planning for waste incineration plants while considering multiple criteria and 

integrating sustainability aspects into the decision-making process.[7] 

This study focuses on the analysis of multi-criteria decision-making (MCDM) problems using hesitant fuzzy sets 

(HFSs) and proposes an integrated methodology to address these issues. The proposed approach combines the 

Weighted Aggregated Sum Product Assessment (WASPAS) method with information measures to accommodate 

HFSs. The WASPAS method is expanded by incorporating HF-aggregation operators and modifying the 

normalization and weighted product methods.To demonstrate the effectiveness of the developed method in real-

world MCDM problems, a group support system (GSS) problem is used as an example. The study presents the 

application of the method by providing solutions to the GSS problem and conducting a sensitivity analysis by 
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adjusting the parameter and weights of the established WASPAS method. Furthermore, a comparison with previous 

approaches is performed to highlight the advantages of the obtained results, thereby validating the efficacy and 

performance of the integrated method for resolving MCDM issues with HFSs.The main objective of the paper is to 

provide a comprehensive and reliable approach for evaluating MCDM problems using HFSs, combining the 

WASPAS method with information measures. The study aims to showcase the applicability and superiority of the 

proposed methodology through real-world examples and a comparative analysis with existing methods.[8] 

4. RESULT AND DISCUSSION 

Table 1: Selection of light weight materials for railway vehicles 

  

Density 

(kg/m3 ) 

YieldStrength 

(Y.S.),MPa 

TensileStrength 

(T.S.),MPa 

YoungsModulus 

(GPa) 

Price 

US$/kg 

Corrosion 

Resistance 

DualPhase, DP600 8050 410 700 200 0.55 1 

Transformation Induced 

Plasticity, TRIP700 8050 520 800 200 0.55 1 

Twinning Induced Plasticity, 

TWIP 8050 750 1000 200 1.5 1 

Aluminium, Al6005-T6 2700 240 260 69 1.9 3 

Aluminium, Al6082-T6 2700 250 310 70 1.9 3 

Porous Structure (Al—Closed 

cell) 1000 20 30 12 46 3 

 
Table 1 presents the alternative parameters, including Dual Phase (DP600), Transformation Induced Plasticity 

(TRIP700), Twinning Induced Plasticity (TWIP), Aluminum (Al6005-T6), Aluminum (Al6082-T6), and Porous 

Structure (Al—Closed cell). The evaluation parameters listed in the table are "Density (kg/m3)", "Yield Strength 

(Y.S.), MPa", "Tensile Strength (T.S.), MPa", "Young's Modulus (GPa)", "Price (US$/kg)", and "Corrosion 

Resistance" values. 

 
Figure 1: Selection of light weight materials for railway vehicles 

Figure 1 presents the alternative parameters, including Dual Phase (DP600), Transformation Induced Plasticity 

(TRIP700), Twinning Induced Plasticity (TWIP), Aluminum (Al6005-T6), Aluminum (Al6082-T6), and Porous 

Structure (Al—Closed cell). The evaluation parameters listed in the table are "Density (kg/m3)", "Yield Strength 

(Y.S.), MPa", "Tensile Strength (T.S.), MPa", "Young's Modulus (GPa)", "Price (US$/kg)", and "Corrosion 

Resistance" values. 
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Table 2:Performance value 
  Density 

(kg/m3 ) 

Yield 

Strength 

(Y.S.) ,MPa 

Tensile 

Strength 

(T.S.),MPa 

Young’s 

Modulus 

(GPa) 

Price 

US$/kg 

Corrosion 

Resistance 

Dual Phase, DP600 1 0.546666667 0.7 1 0.0119565 0.333333333 

Transformation Induced Plasticity, 

TRIP700 

1 0.693333333 0.8 1 0.0119565 0.333333333 

Twinning Induced Plasticity, TWIP 1 1 1 1 0.0326087 0.333333333 

Aluminum, Al6005-T6 0.335403727 0.32 0.26 0.345 0.0413043 1 

Aluminum, Al6082-T6 0.335403727 0.333333333 0.31 0.35 0.0413043 1 

Porous Structure (Al—Closed cell) 0.124223602 0.026666667 0.03 0.06 1 1 

 

Table 2 shows performance value of Alternative and Evaluation parameters  

 
FIGURE 2. Performance value of Alternative and Evaluation parameters 

Figure 2 shows the performance value of Alternative parameters: DualPhase, DP600,Transformation Induced 

Plasticity, TRIP700,Twinning Induced Plasticity, TWIP,Aluminium, Al6005‑T6,Aluminium, Al6082‑T6,Porous 

Structure (Al—Closed cell) and Evaluation parameters: "Density(kg/m3 )", "YieldStrength(Y.S.),MPa", 

"TensileStrength(T.S.),MPa", "Youngs Modulus(GPa)", "PriceUS$/kg" , "CorrosionResistance". 

Table 3:Weight 

Weight 

0.166 0.166 0.166 0.166 0.166 0.166 

0.166 0.166 0.166 0.166 0.166 0.166 

0.166 0.166 0.166 0.166 0.166 0.166 

0.166 0.166 0.166 0.166 0.166 0.166 

0.166 0.166 0.166 0.166 0.166 0.166 

0.166 0.166 0.166 0.166 0.166 0.166 

 

In this table 3 shows the weight of the Alternative and Evaluation parameters 
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Table 4:Weighted Normalized Decision Matrix(WSM) 
 Density 

(kg/m3 ) 

Yield Strength 

(Y.S.),MPa 

Tensile Strength 

(T.S.),MPa 

YoungsModulus 

(GPa) 

Price 

US$/kg 

Corrosion 

Resistance 

Dual Phase, DP600 0.166 0.090746667 0.1162 0.166 0.0019848 0.055333333 

Transformation Induced 

Plasticity, TRIP700 

0.166 0.115093333 0.1328 0.166 0.0019848 0.055333333 

Twinning Induced 

Plasticity, TWIP 

0.166 0.166 0.166 0.166 0.005413 0.055333333 

Aluminum, Al6005-T6 0.05567702 0.05312 0.04316 0.05727 0.0068565 0.166 

Aluminum, Al6082-T6 0.05567702 0.055333333 0.05146 0.0581 0.0068565 0.166 

Porous Structure (Al—

Closed cell) 

0.02062112 0.004426667 0.00498 0.00996 0.166 0.166 

 

Table 4 shows the normalised decision matrix with weights of alternative and evaluation parameters. 

 
Figure 3. Weighted Normalized Decision Matrix 

Figure 3 shows the Normalized decision matrix with weights(WSM) OF Alternative parameters: DualPhase, 

DP600,Transformation Induced Plasticity, TRIP700,Twinning Induced Plasticity, TWIP,Aluminium, 

Al6005‑T6,Aluminium, Al6082‑T6,Porous Structure (Al—Closed cell) and Evaluation parameters: "Density(kg/m3 

)", "YieldStrength(Y.S.),MPa", "TensileStrength(T.S.),MPa", "YoungsModulus(GPa)","PriceUS$/kg" , 

"CorrosionResistance". 

Table 5: Weighted Normalized Decision Matrix(WPM) 
  Weighted Normalized decision Matrix 

  Density 

(kg/m3 ) 

Yield Strength 

(Y.S.),MPa 

Tensile Strength 

(T.S.),MPa 

Young’s Modulus 

(GPa) 

Price 

US$/kg 

Corrosion 

Resistance 

Dual Phase, DP600 1 0.904611179 0.942510668 1 0.4796036 0.833293265 

Transformation Induced Plasticity, 

TRIP700 

1 0.941014651 0.963635826 1 0.4796036 0.833293265 

Twinning Induced Plasticity, TWIP 1 1 1 1 0.5665175 0.833293265 

Aluminum, Al6005-T6 0.83415022 0.827665583 0.799623549 0.83806551 0.5891899 1 

Aluminum, Al6082-T6 0.83415022 0.833293265 0.823315025 0.84006965 0.5891899 1 

Porous Structure (Al—Closed cell) 0.70735574 0.547911997 0.558730177 0.62686368 1 1 

 

Table 5 shows the normalized decision matrix  with weights of alternative and evaluation parameters. 
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FIGURE 4.Weighted Normalized Decision Matrix(WPM) 

Figure 4 shows the Normalized decision matrix with weights(WPM) OF Alternative parameters: DualPhase, 

DP600,Transformation Induced Plasticity, TRIP700,Twinning Induced Plasticity, TWIP,Aluminium, 

Al6005‑T6,Aluminium, Al6082‑T6,Porous Structure (Al—Closed cell) and Evaluation parameters: "Density(kg/m3 

)", "YieldStrength(Y.S.),MPa", "TensileStrength(T.S.),MPa", "YoungsModulus(GPa)",  

PriceUS$/kg" , "CorrosionResistance". 

Table 6:Preference Score (WSM,WPM) & WASPAS Coefficient 
Preference score 

WSM 

 Preference 

score WPM 

WASPAS 

Coefficient 

0.596264783 0.340744 0.468505 

0.637211449 0.362401 0.499806 

0.724746377 0.472075 0.598411 

0.38208354 0.272595 0.327339 

0.393426874 0.283256 0.338341 

0.371987785 0.135745 0.253866 

 

Table 6 shows the preference score (WSM,WPM) & WASPAS Coefficient of alternative and evaluation parameters 

 
FIGURE 5. Preference Score (WSM,WPM) & WASPAS Coefficient 
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Figure 5 shows the preference score (WSM, WPM) & WASPAS Coefficient of alternative and evaluation 

parameters 

Table 7.Rank 

WASPAS 

Coefficient Rank 

0.468504503 3 

0.499806314 2 

0.598410807 1 

0.327339309 5 

0.338341325 4 

0.253866406 6 

 

Table 7 shows the rank of alternative and evaluation parameters based on WASPAS Coefficient. 

 

FIGURE 6. Rank 

Figure 6 shows the rank of the data set (Twinning Induced Plasticity, TWIP,is on 1st Rank, Transformation Induced Plasticity, 

TRIP700 is on 2nd Rank, DualPhase, DP600 is on 3rd Rank, Aluminium, Al6082-T6 is on 4th Rank, Aluminium, Al6005-T6 is on 

5th Rank and Porous Structure (Al—Closed cell) is on 6th Rank). 

4. CONCLUSION 

In conclusion, the selection of lightweight materials for rail cars is crucial for enhancing the effectiveness, 

sustainability, and performance of modern transportation networks. Multi-criteria decision-making (MCDM) 

techniques, such as the Weighted Aggregated Sum Product Assessment (WASPAS) method, provide a systematic 

and objective approach to evaluate various lightweight materials based on multiple parameters.By considering 

mechanical qualities, cost, availability, recyclability, and environmental impact, MCDM methodologies allow for a 

comprehensive assessment of lightweight materials. Modern lightweight materials, including high-strength steels, 

composite materials, and aluminium alloys, offer significant advantages such as improved acceleration, energy 

efficiency, fuel consumption reduction, and lower maintenance costs. These materials possess excellent strength-to-

weight ratios, corrosion resistance, and customizable properties suitable for railway applications.However, the 

selection of lightweight materials should be conducted while considering the unique requirements and limitations of 

the railway system. Factors such as weight capacity, safety regulations, fire resistance, and long-term durability must 
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be carefully evaluated to ensure the reliability and safety of rail cars. Moreover, proper design and production 

techniques should be employed to maximize the performance and compatibility of lightweight materials with 

existing infrastructure.In summary, choosing the appropriate lightweight materials for railway carriages involves a 

comprehensive analysis of various factors. By employing MCDM methodologies and considering the specific needs 

of the railway system, it is possible to identify and select lightweight materials that enhance the performance, energy 

efficiency, and sustainability of railway transportation. 
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