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Facing serious environmental degradation and its resulting of climate warming, how to conserve energy and reduce emissions
becomes a serious issue for government supervisors and modern vehicle enterprises. Reducing the mass of a vehicle is one of the
most effective ways to reduce emissions and improve fuel utilization, essential to persist the low-carbon and sustainable-de-
velopment bases in industrial production processes. When it comes to the selection of lightweight material for a car body in the
processes of vehicle production, it is essential to comprehensively evaluate multiple relevant attributes in order to select the
optimal material from several alternatives. .us, it can be seen as a multicriterion decision-making (MCDM) problem. However,
it is difficult to consider both the uncertainty of the expert’s preference and the imprecision of the attribute estimate. Considering
this, this paper uses the method integrating grey relational analysis (GRA) with analytic hierarchy process (AHP) to solve the
problem of lightweight material selection for a car body. .e AHP method is used to determine the weight of each attribute, and
the GRA method is to select the optimal material among several alternatives. Finally, a case study is applied to verify the
practicability of the proposed approach..e result shows that the proposed multicriterion decision method provides a precise and
objective foundation for making decisions about the material selection issue.

1. Introduction

As the increasing vehicle economy presents the rapid speed
of national development in recent years, the production and
use of vehicles have increased sharply in China. China’s
autoproduction and sales have exceeded 10% from 2008 to
2017, reaching 29.01 million in 2017 [1]. Simultaneously, the
vehicle ownership in China has reached 240 million at the
end of 2018, indicating a 10% increase over the past five
years, from “China Vehicle Environmental Management
Annual Report 2018” made by the Ministry of Ecology and
Environment of the People’s Republic of China [2]. .e
vehicle brings convenience to our daily life, but it also causes
the problems of serious air pollution and resource shortage,
which are now affecting human activities. Furthermore,
China has become the world’s largest vehicle production and
sales country for nine years, while vehicle pollution has also
become an important source and case of air pollution [1].
.erefore, the urgency of vehicle pollution prevention and
control has become increasingly prominent.

Nowadays, with the formulation of emission laws and
regulations in various countries, automakers are trying to
bring three ways of innovations to enhance vehicle fuel
efficiency, as well as reducing emissions during their use at
the basic premise of specific vehicle performance. .ese
methods can be summarized as follows: (i) improving drive
train efficiency; (ii) designing new energy vehicles; (iii)
replacing fuel systems or lightweight material replacement.
Among them, the reduction of vehicle mass has been seen as
one of the most effective solutions, thus gaining more and
more attentions in automotive industries..e idea of vehicle
light-weighting is to reduce the vehicle mass as much as
possible, under the premise of guaranteeing the strength and
safety performance of the vehicle. .en, improving the
vehicle power, safety, and other comprehensive performance
are used to achieve the purpose of energy saving and
emission reduction. Generally speaking, a 100-kg savings in
vehicle mass will result in fuel savings of 0.3–0.6 L per
100 km and 0.85–1.4 kg CO2 per 100 km [2]. Although
automakers have developed several technologies to improve
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the fuel economy of their vehicles, lightweight is still one of
the preferred approaches. In order to reduce vehicle mass,
several means of achieving automotive lightweight are ap-
plied, including application of lightweight materials,
structural optimization, advanced manufacturing technol-
ogies, combination of these methods, and integrating parts
and functions [3]. With the booming development of the
automobile industry, the space structure and layout of the
automobile body have been quite compact and reasonable,
and the optimization technology of the automobile body
structure has become increasingly mature [4]. .erefore, the
development of lightweight material and advanced
manufacturing technology will play a more prominent role
in the material selection ways for the automobile industries.
So the material selection of lightweight material has been
widely used in automotive applications in recent years.

Material technology is the key to promote the technical
progress of automobiles. Using lightweight materials is an
important approach to ensure both the safety of automobiles
and the reducing of body mass. At present, there are two
main types of lightweight materials for automobiles: one is
high-strength material, mainly referring to high-strength
steel and advanced high-strength steel; the other is light-
weight materials, mainly including aluminum alloys, mag-
nesium alloys, plastics, and composite materials [5]. .e
using of suitable materials in the right place is significant.
.erefore, it becomes a difficult issue for engineers to de-
termine an optimal selection of materials considering
multiperspective indices, which can be regarded as a mul-
ticriterion decision-making (MCDM) problem.

From literature review, many MCDM techniques have
been developed to address the selection problem considering
multiple criteria, such as preference selection index (PSI) [6],
graph theory and matrix representation approach (GTMA)
[7], preference ranking organization method for enrichment
evaluation (PROMETHEE) [8, 9], grey relational analysis
(GRA) [10–12], technique for order preference by similarity
to ideal solution (TOPSIS) [13], elimination and choice
translating reality (ELECTRE) [14, 15], Vlse Kriterijumska
Optimizacija Kompromisno Resenje (VIKOR) [16, 17], and
analytic hierarchy process (AHP) [18, 19]. Moreover, the
combination of these methods is the most noteworthy.

On the basis of these MCDM methods and commercial
manufacture, a series of scientific and systemic theoretical
explorations, on the issue of material evaluation and selection,
have been reported in recent years. After conducting the
analysis of cons and pros of them, we have used a mixed
approach with the combination of AHP, used to determine the
weight of indicators, and GRA, applied to build the grey re-
lational closeness index to evaluate the scheme, for the opti-
mization of lightweight material selection for car bodies.
Finally, after calculation, we have concluded that the alternative
of aluminum alloy is the optimal choice among ten alternatives.

.e rest of this paper is organized as follows: the second
section summarizes some related literature. .e third part
depicts the solutionmethodology. In addition, the case study
is carried out in the fourth section, and then analysis and
discussion are conducted. .e last part sums up some
conclusions and discusses the completion of this work.

2. Literature Review

Methodologies considering MCDM problems developed
and applied by prior scholars are generally displayed in this
part. In general, these methods which aim to address the
MCDM problems could be generalized into the following
two types. .e first type is synthetic evaluation methods,
such as preference ranking organization method for en-
richment evaluation (PROMETHEE) [8, 9], grey relational
analysis (GRA) [10–12], technique for order preference by
similarity to ideal solution (TOPSIS) [13], ELimination and
Choice Expressing the REality (ELECTRE) [14, 15], Vlse
Kriterijumska Optimizacija Kompromisno Resenje
(VIKOR) [16, 17], AHP [18, 19], best-worst method (BWM)
[20], decision-making trial and evaluation laboratory
(DEMATEL) [21], and grey correlation (GC) [10, 22, 23].
And the second one is established on the basement of life-
cycle assessment (LCA) [24]. In addition, for the purpose of
dealing with shortcomings of single approach, researchers
have been trying to propose some integrated methods, and
these newly developed approaches have demonstrated some
successful application. For example, Peter et al. [25] com-
bined the fuzzy synthetic extent analysis method and fuzzy
extended AHP to get the ultimate rank/priority of each
criterion. Liu et al. [26] proposed a mixed MCDM method
with integration of modified VIKOR and DEMATEL-based
ANP (analytical network process), for the enhancement of
the dependability of the calculation results, aiming to help
project planners handle the problem of the correlation
analysis absence among criteria for the process of material
selection. For the material selection problem of highly
sensitive components, Shanian and Savadogo [27] used
MCDM method to address it.

Studies about the MCDM problem have been imple-
mented a lot as listed above. .ere are also lots of research
studies, especially in the area of optimal lightweight material
selection of vehicles.

Pu et al. [28] put forward a comprehensive hierarchical
structure with systematic multiperspective indices and ap-
plied a hybrid approach with integration of grey relational
analysis (GRA) and technique for order preference by
similarity to ideal solution (TOPSIS) for the determination
of optimal lightweight material for vehicles. Xiong et al. [29]
presented an approach combining grey relational and
principal component analysis for lightweight optimization
of the side structure of the automobile body. Mayyas et al.
[30] used multiattribute decision-making tools, quality
function deployment (QFD) and analytic hierarchy process
(AHP), which select optimal material for automotive body-
in-white (BIW) panels. Yang et al. [31] adopted the fuzzy
technique for order preference by similarity to ideal solution
(fuzzy TOPSIS) for the evaluation of the qualification of the
candidate materials for two automotive case studies, in-
cluding an engine block and an intake manifold, were
carried out to demonstrate applicability of the methodology.
Mayyas et al. [32] developed an eco-material selection ap-
proach which was assisted by the preference selection index
(PSI) and principal component analysis (PCA) decision-
making tools and implemented this model in a case study of
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material selection for eco-lightweight autobodies to validate
its practicality.

3. Solution Methodology

In this paper, we developed a method that combines the
advantages of AHP which determines the weight of indi-
cators and the advantages of GRA which is used to build the
grey relational closeness index to evaluate the scheme. .is
method was put forward and used to the optimization of
lightweight material selection for car bodies. .e detailed
procedure is presented in the following sections.

3.1. Hierarchical Structure of Lightweight Material Selection
for Automobile Application. According to the expert inter-
view and related literature, four criterion levels and their
factor levels are given. We set up a system of indicators for
lightweight material selection, which is shown in Figure 1
and includes three levels, i.e., goal level, criterion level, and
factor/attribute level. .e goal level (B) is lightweight ma-
terial selection for automobile applications. .e criterion
level (A) includes four aspects, i.e., physical properties (A1),
durability (A2), technical (A3), and environment (A4).
Physical properties include four factors, i.e., density (E1),
modulus of elasticity (E2), tensile strength (E3), and weight
(E4). Durability includes three factors, i.e., corrosion resis-
tance (E5), thermal performance (E6), and wear resistance
(E7). Technology includes three factors, i.e., forming (E8),
joining (E9), and painting (E10). Environment includes three
factors, i.e., embodied energy performance (E11), CO2
emission-form extraction and production performance
(E12), and recycle fraction (E13).

3.2. Analytic Hierarchy Process (AHP). Analytic hierarchy
process (AHP) was proposed for the first time by Saaty [18].
It is one sort of multicriterion decision-making methods
referring to quantitative and qualitative analysis. .e AHP
method consists of three bases: (1) construct a hierarchy, (2)
set the priority, and (3) logical consistency. Its basic steps are
shown as follows:

Step 1: construct a hierarchy.
Step 2: set the priority. .e base scale can be used to
shorten the expression of preference degree as shown in
Table 1.
Step 3: build the evaluation matrix. .is involves using
the k-order evaluation matrix A with pairwise values
and each element aij, i, and j ∈ {1, 2, . . . , k} to define the
expert’s individual preference of the alternative Aj for
the alternative Ai, as shown below:

A � aij􏽨 􏽩, (i � 1, 2, . . . , k; j � 1, 2, . . . , k), (1)

aii � 1, aij > 0;

aji �
1

aij

.
(2)

In addition, Table 2 shows the random consistency
index RI. It is used to eliminate the effects of different
“k” effects.
Step 4: obtain the standard weights. .e vector of
weights w � (w1, w2, . . . , wk) can be obtained from the
pairwise comparison matrix A used:

Aw � λmaxw, (3)

where w is the vector according to the maximal ei-
genvalue λmax of matrix A.
Step 5: check consistency. Compute the final Consis-
tency Ratio (CR) by

CI �
−1

k − 1
􏽘

k

k−2
λi �

λmax − k

(k − 1)
, (4)

CR �
CI
RI

, (5)

where CI is the consistency index and RI is the random
consistency index. .e higher the CI value, the smaller
the degree of consistency of the comparison matrix. If
CR< 0.1, the judgment matrix can be accepted..us, to
obtain a consistent matrix, it is necessary to evaluate
and adjust it until CR< 0.1.

3.3. Grey Relational Analysis (GRA). GRA is a MCDM
method that evaluates alternatives using the grey rela-
tional closeness index [9]. If an alternative has a really
large grey correlation within its ideal alternative, it can be
seen as close to the ideal. .erefore, the grey correlation
index can be applied to choose the lightweight material of
a car body between the positive- and negative-ideal so-
lutions [17, 18]. .e GRA method includes the following
steps:

Step 1: constructing a decision matrix to evaluate the
chosen materials. .e decision matrix X� [xij]n×m can
be written as

X �

B1 · · · Bj · · · Bm

A1

⋮

Ai

⋮

An

x11 · · · x1j · · · x1m

⋮ ⋱ ⋮ ⋱ ⋮

xi1 · · · xij · · · xim

⋮ ⋱ ⋮ ⋱ ⋮

xn1 · · · xnj · · · xnm

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

, (6)

where xij is a clear value representing the performance
level of each alternative Ai (i� 1, 2, . . . , n) for each
criterion Bj (j� 1, 2, . . . , m).
Step 2: the normalized decision matrix Z is gotten by
combining the weight vectors of the standard ω, which
is computed by the above AHP method:
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yij �
xij

maxixij

, (i � 1, 2, . . . , n; j � 1, 2, . . . , m), (7)

Z � ωT
Y �

B1 · · · Bj · · · Bm

A1

⋮
Ai

⋮
An

ω1′y11 · · · ωj
′y1j · · · ωm

′y1m

⋮ ⋱ ⋮ ⋱ ⋮
ω1′yi1 · · · ωj

′yij · · · ωm
′yim

⋮ ⋱ ⋮ ⋱ ⋮
ω1′yn1 · · · ωj

′ynj · · · ωm
′ynm

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (8)

Step 3: establishing the positive- and negative-ideal
solutions. It can be solved by

Z
+

� z
+
j􏽨 􏽩1×m

� max
i

zij􏽮 􏽯
n

i�1􏼐 􏼑

􏼌􏼌􏼌􏼌􏼌􏼌􏼌
j ∈ J+

,min
i

zij􏽮 􏽯
n

i�1􏼐 􏼑

􏼌􏼌􏼌􏼌􏼌􏼌􏼌
j ∈ J−

􏼔 􏼕
1×m

,

(9)

Z
−

� z
−
j􏽨 􏽩1×m

� min
i

zij􏽮 􏽯
n

i�1􏼐 􏼑

􏼌􏼌􏼌􏼌􏼌􏼌􏼌
j ∈ J+

,max
i

zij􏽮 􏽯
n

i�1􏼐 􏼑

􏼌􏼌􏼌􏼌􏼌􏼌􏼌
j ∈ J−

􏼔 􏼕
1×m

,

(10)

where J+ means an index set which larger is better and
J−means an index set which smaller is better.

Step 4: calculating the grey relational coefficient be-
tween the ith scheme and the ideal solutions for the jth
criteria, shown as follows:

r
+
ij �

miniminj z+
j − zij

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌 + ρmaximaxj z+
j − zij

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌

z+
j − zij

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌 + ρmaximaxj z+
j − zij

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌
, (11)

where ρ ∈ [0, 1] means the resolution factor. As usual,
ρ� 0.5.
.e grey relational coefficient matrix, shown in
equation (12), is used for each alternative and positive-
ideal solution:

R
+

�

B1 · · · Bj · · · Bm

A1

⋮

Ai

⋮

An

r+
11 · · · r+

1j · · · r+
1m

⋮ ⋱ ⋮ ⋱ ⋮

r+
i1 · · · r+

ij · · · r+
im

⋮ ⋱ ⋮ ⋱ ⋮

r+
n1 · · · r+

nj · · · r+
nm

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (12)

.e grey relational degree between the ith scheme and
the positive-ideal solution can be computed by

Goal level (B) Criterion level (A) Factor/attribute level (E)

Physical properties
(A1)

Durability (A2)

Technical (A3)

Environment (A4)

Density (E1)

Tensile strength (E3)

Corrosion resistance (E5)

�ermal performance (E6)

Wear resistance (E7)

Forming (E8)

Joining (E9)

Painting (E10)

Embodied energy (E11)

CO2 emission-form extraction
and production (E12)

Recycle fraction (E13)

Modulus of elasticity (E2)

Lightweight material
selection for
automobile
applications

Weight (E4)

Figure 1: System of indicators for lightweight material selection.
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R
+
i �

1
m

􏽘

m

j�1
r

+
ij, (i � 1, 2, . . . , n). (13)

Step 5: in the same way, the grey relational coef-
ficient between the ith alternative and the negative-
ideal solution for the jth index can be gotten by
Step 4:

r
−
ij �

miniminj z−
j − zij

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌 + ρmaximaxj z−
j − zij

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌

z−
j − zij

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌 + ρmaximaxj z−
j − zij

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌
. (14)

Grey relational coefficient matrix, shown as equation
(15), is used for each alternative and the negative-ideal
solution:

R
−

�

B1 · · · Bj · · · Bm

A1

⋮

Ai

⋮

An

r−
11 · · · r−

1j · · · r−
1m

⋮ ⋱ ⋮ ⋱ ⋮

r−
i1 · · · r−

ij · · · r−
im

⋮ ⋱ ⋮ ⋱ ⋮

r−
n1 · · · r−

nj · · · r−
nm

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (15)

.e grey relational degree between the ith scheme and
the negative-ideal solution can be gotten by

R
−
i �

1
m

􏽘

m

j�1
r

−
ij, (i � 1, 2, . . . n). (16)

Step 6: the index of approximation of grey correlation
Ri for the ith alternative is obtained as follows:

Ri �
R+

i

R+
i + R−

i

, (i � 1, 2, . . . , n). (17)

4. Case Study

To verify the hierarchical structure given above and this
MCDM method, a case study, i.e., ten kinds of automotive
tailgate materials for a car body, is carried out in the
following.

4.1. Data Collection. Recently, the quality of traditional
materials has been improved with the advancement and
improvement of the study material science, resulting in
much more expanding area of material application.

Moreover, composite materials have also been developing
rapidly and applied presently in a wide range of different
fields. For instance, in the area of automobile industry, lots
of advanced and practical materials have been applied to
cut down the quantity of a car body, such as aluminum alloy
and high-strength steel. On the basis of information col-
lected from the literature and experts, ten kinds of auto-
motive tailgate materials, i.e., steels (S1), aluminum alloy
(S2), sheet molding compound (S3), lightweight sheet
molding compound (S4), polypropylene (S5), GMT (S6),
PP-LGF (S7), thermoplastics polyolefin (S8), carbon fiber/
epoxy composites (S9), and S-glass fiber/epoxy composites
(S10), are taken into consideration, for demonstrating the
practicability of this newly designed hierarchical structure
and the presented MCDM method of this research. In
addition, we interviewed two experienced senior engineers
who come from an automobile manufacture enterprise
which is really reputable, as well as four decision-makers
including two experts who have been specializing in au-
tomobile design for many years. .at is used to obtain the
original data and some initial information that is relevant,
through the way of questionnaire investigation. We con-
duct the whole process of this investigation between June 21
and 28 in 2018. And we resurveyed for the improved
criterion system from Aug 28 to 31 in 2019.

4.2. Determination of the Weight of Each Criterion. On the
basis of the results of expert interview, the pairwise matrix
(Table 3) was established by us from physical, durability,
technical, and environment properties. Similarly, we es-
tablish the pairwise matrix from physical property (A1-E),
from durability property (A2-E), from technical property
(A3-E), and from environment property (A4-E), which are
presented in Tables 4–7, respectively.

For the hierarchical structure, the weight vector of each
criterion and the value of CR can be computed, following the
calculation process of AHP by equations (1)–(5). .e im-
portance of each criterion and its CR of each material and
the ultimate weight vector of criteria on the overall goal of
the evaluation index can be obtained, which is presented in
Table 8.

4.3. Evaluation of :ree Auto Parts Manufacturing
Companies. .e scores of each criterion for ten kinds of
automotive tailgate materials for a car body are listed in
Table 9. .e ultimate ranking orders of the value Ri can be
acquired via the calculation process of this MCDM

Table 1: AHP scale for combinations.

Numerical rating Definition Explanation
1 Equally preferred Two activities contribute equally to the objective
3 Moderately preferred Experience and judgment slightly favour one over another
5 Strongly preferred Experience and judgment strongly favour one over another
7 Very strongly preferred An activity is strongly favoured and its dominance is demonstrated in practice
9 Absolutely preferred Importance of one over another affirmed on the highest possible order
2, 4, 6, and 8 Intermediate values Used to represent compromise between the priorities listed above
Reciprocals (1/aij) A value attributed when activity i is compared to activity j becomes the reciprocal when j is compared to i
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method, i.e., GRA. Hence, we can select the final optimal
alternative according to the results. Note that the index set
for which the smaller the better includes density and
weight; the index system for which the greater the better
includes modulus of elasticity, tensile strength, corrosion
resistance, thermal performance, wear resistance, forming,
joining, painting, embodied energy performance, CO2 emis-
sion-form extraction and production performance, and re-
cycle fraction. .e specific procedure for the assessment of
empirical example, i.e., ten kinds of automotive tailgate ma-
terials, is shown below:

.e initial decision matrix X can be obtained by Ta-
ble 9. Note that xij indicates the value of each alternative Ai
(i � 1, 2,. . ., 10) with respect to each evaluation criterion Bj
(j � 1, 2,. . ., 13). .en, the normalized decision matrix
combined with the weight vector of criteria ω can be
calculated by equations (6)–(8). In practice counting, the
values of rows of E1 and E4 are computed as their re-
ciprocals, because criteria E1 and E4 are negative volume
indices, which means that the smaller the values, the
higher the scores and the better the performance. .e
positive-ideal and negative-ideal solutions can be ob-
tained according to equations (9) and (10). .e grey
correlation coefficient between the alternative and posi-
tive-ideal/negative-ideal alternative regarding each cri-
terion can be calculated by equations (11)–(16) as
shown in Table 10. Finally, the final rank of each alter-
native can be obtained by the values of Ri (i � 1, 2,. . ., 10),
which are calculated by equation (17).

Based on the process of calculation, we concluded that
the alternative 2, i.e., aluminum alloy, is the best alternative
for a car body among ten materials investigated.

Table 2: Random consistency index (RI).

k 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

Table 3: .e pairwise matrix from physical, durability, technical,
and environmental properties (B-A).

A1 A2 A3 A4

A1 1 3 2 2
A2 1/3 1 2 3
A3 1/2 1/2 1 2
A4 1/2 3 2 1

Table 4: .e pairwise matrix from physical property (A1-E).

E1 E2 E3 E4
E1 1 4 3 6
E2 1/4 1 1/2 3
E3 1/3 2 1 4
E4 1/6 1/3 1/4 1

Table 5: .e pairwise matrix from durability property (A2-E).

E5 E6 E7
E5 1 1/2 2
E6 2 1 3
E7 1/2 1/3 1

Table 6: .e pairwise matrix from technical property (A3-E).

E8 E9 E10
E8 1 3 1/2
E9 1/3 1 1/4
E10 2 4 1

Table 7: .e pairwise matrix from environmental property (A4-E).

E11 E12 E13
E11 1 1/2 1/4
E12 2 1 1/3
E13 4 3 1

Table 8: .e weight of each criterion.

Property Weight Criterion Weight Final
weight Rank

Physical
property 0.4136

Density 0.5495 0.2273 1
Modulus of
elasticity 0.1466 0.0606 7

Tensile
strength 0.2389 0.0988 3

Weight 0.0650 0.0269 10
CR 0.030101

Durability
property 0.1571

Corrosion
resistance 0.2970 0.0467 8

.ermal
performance 0.5396 0.0848 4

Wear
resistance 0.1634 0.0257 11

CR 0.007933

Technical
property 0.1346

Forming 0.3196 0.0430 9
Joining 0.1220 0.0164 12
Painting 0.5584 0.0752 5

CR 0.015771

Environmental
property 0.2947

Embodied
energy

performance
0.1365 0.0402 10

CO2
emission-
form

extraction
and

production
performance

0.2385 0.0703 6

Recycle
fraction 0.6250 0.1842 2

CR 0.015771
CR 0.079726
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5. Conclusions

Selecting the lightweight material for a car body is a difficult
and restrained issue for the automobile manufacturers, due to
the requirement of multiple-objective consideration. In this
work, we formulated a hierarchical structure with four targets,
including physical properties, durability, technical, and en-
vironment. Each of four targets includes several second-level
indices. Furthermore, we presented a hybrid MCDM ap-
proach integrating GRA and AHP to handle the disadvan-
tages of just using a single method. An empirical case study of
ten kinds of automotive tailgate materials was illustrated. .e
results validated the reliability of the proposed hybrid ap-
proach. Moreover, the obtained weight of each criterion plays
a significant role reasonably and scientifically in the selection
of the lightweight material. .erefore, it can be conclude that
the hybrid approach is a reliable and effective tool for the issue
of lightweight material selection.

Our studies will concentrate on the following two aspects
in the future: (1) taking other critical influences into con-
sideration, for instance, societal or economic factors, and
creating a more comprehensive hierarchical structure for the
problem of material selection; (2) due to the existence of the
uncertain and fuzzy feature of information obtained from
experts in the decision matrix, uncertain theory might need
to be applied in our work to fill the gap and complete our
research [33–35].
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