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As the mine backfill is recognized as one promising technique for the sustainable development, it is crucial to explore the backfill
operation mechanism for the mining industry. At present, the self-management and outsourcing model are generally selected to
apply in backfill operation and management worldwide. +e advantages are insufficient from the strategic and sustainable
perspective. +erefore, the study proposes joint venture alliance and concerns the superiority on mine backfill management. In
order to evaluate the models, this study puts forward the integrated method which involves combination of SBSC and IFAHP. A
strategic and hierarchical framework of SBSC on the basis of sustainability is formulated, which includes 6 perspectives and 16
secondary indexes. Simultaneously, the IFAHP approach is used for determination of the weights of indexes and calculation of the
final score, which enables to assess mine backfill operation activity more objectively. +e results show that the self-management
model provides little advantages whereas the outsourcing model is the better operation mechanism. By contrast, joint venture
alliance is rated as the optimal backfill operation model of the mining industry. +e research findings of this study would help the
mining industry to evaluate objectively and make an appropriate decision on the backfill operation model in the mining industry.

1. Introduction

Mine backfill has been widely used worldwide. +e building
process of the backfill station was associated with several
steps including feasibility analysis, design, procurement,
construction, installation, and debugging; the backfill op-
erating process did not begin until the employees finished
training of professional skills (as shown in Figure 1). For the
management of the backfill station, some countries such as
Chile and South America adopted the traditional self-
management model. +erefore, the mining industries need
to spend several years and much energy on the preparation
activity before conducting the operational process of the
backfill station.

Some countries proposed the outsourcing model, which
has been practiced in business management in various fields
ranging from IT/IS to logistics [1]. Some mining industries
have outsourced noncore business activity to the private
partner or service provider, even recently the scope of
outsourcing expanded to certain core business [2]. +ere are

instances like South Africa and Canada where the backfill
project was outsourced to service providers with expertise.
+e reasons for outsourcing are acquisition of specialized
competencies, good flexibility in adapting to the environ-
ment and geology, and reduction of cost mainly including
fixed assets [3]. Moreover, outsourcing is conducive to
strategic enhancement of industry core competencies [4].
However, there were reports from Indian coal mining
industries which showed unsatisfactory conclusions with
respect to outsourcing by empirical evidence [5, 6]. In ad-
dition, there may be other deficiencies including increase in
extra cost and disclosure of confidential information [7].
Moreover, the top risk of outsourcing is that the quality of
the product or service is not fully controlled [3].

At present, the mining industries dominantly adopt self-
management or outsourcing as the backfill operation model
worldwide. In China, the mining industries generally select
the self-management model. However, joint venture alliance
was still under-appreciated in terms of backfill operation
mechanism and was rarely used. Joint venture alliance
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provided access to special technology and skill from alliance
partners [8]. Generally, the industries need to select the
alliance partner with complementary resource such as
market, expertise, and capital investment [9]. Furthermore,
joint venture alliance highlighted long-term reciprocal
commitment andmutual trust so that competitive advantage
of alliance was reinforced. Nevertheless, joint venture alli-
ance was yet unsatisfactory, and there may exist some risks
including selection of alliance partner, poor flexibility, and
constraint of the government policy [10, 11].

+e inefficient management model is unfavorable for the
development of mine backfill; therefore, it is crucial to make
decision on selecting the appropriate backfill operation
model. Multicriteria decision-making (MCDM) technology
contributes to assess and determine the best alternative in
the case of conflicting criteria and objectives. +ere have
been some studies on exploring decision-making by MCDM
including Analytic Hierarchy Process (AHP) [12], Analytical
Network Process (ANP) [13], PROMETHEE [14], Decision-
Making Trial and Evaluation Laboratory (DEMATEL) [15],
Technique for Order Preference by Similarity to Ideal So-
lution (TOPSIS) [16], Data Envelopment Analysis (DEA) [17],
Vlse Kriterijumska Optimizacija Kompromisno Resenje
(VIKOR) [18], linear programming, and hybrid approach
such as fuzzy AHP [19]. MCDM techniques are classified as
individual and hybrid methods, of which AHP, RPOME-
THEE, ELECTRE, TOPSIS, ANP, and VIKOR are con-
sidered as the most frequent applications in energy decision
[20]. Fuzzy MCDM has been widely used since fuzzy sets
are conducive to tackling uncertainties and vagueness,
from which intuitionistic fuzzy decision-making was de-
veloped. Xue (2021) applied the intuitionistic fuzzy set to
explore the database retrieval and decision-making based
on the uncertain database [21]. Garg (2020) developed the
fuzzy set and addressed the complex interval-valued q-rung
orthopair fuzzy set (IVq-ROFS) to deal with uncertain
information in the decision-making process [22]. Puri
(2017) concerned a new set of weights methodology for
multicomponent data envelopment analysis (MC-DEA)
with uncertain data to measure interval efficiencies, which
has been applied to banks in India [23]. Moreover, re-
searchers tend to utilize integrated MCDM involving two
or more methods to find optimal results. Sustainable
balanced scorecard (SBSC) is a tool to build the concept
framework on the basis of sustainability for more efficient
operation of the organization [24]. +ere was no literature
that integrate SBSC with intuitionistic fuzzy AHP (IFAHP)
for performance evaluation. In order to select the optimal
model among self-management, outsourcing, and

proposed joint venture alliance, the study attempts to es-
tablish the conceptual framework for evaluation of backfill
operation. Moreover, the study tries to adopt the hybrid
MCDM methods combing SBSC with IFAHP to make the
optimal and appropriate decision for mine backfill industries.

2. Review of Literature

2.1. SBSC. SBSC was developed on the basis of BSC, which
was proposed by Professor Kaplan and Norton for the first
time [25]. BSC broke through traditional evaluation criteria
viewing only financial indexes as a measure of organizational
performance and took the nonfinancial issue into account;
therefore, a balanced and strategic framework with the fi-
nancial factor and nonfinancial factor was formulated, which
covered four perspectives including financial, customers,
internal operations, learning, and growth.

However, the BSC method focused only on the internal
management of organization, but ignored the surroundings
in which the organization was admitted to keep sustainable
development. Figge (2002) expressed the process of social
and environmental impact on business activities and in-
corporated social and environmental issues into the strategic
framework of SBSC; correspondingly, nonmarket became
the fifth perspective [26]. Sidiropoulos (2004) supported
sustainable indexes into operational performance [27].
Möller and Schaltegger (2005) embedded eco-efficiency
indexes into sustainable performance measure [28]. Hubbard
(2009) proposed that the organization should be responsible
for stakeholders and modified the SBSC framework struc-
ture lying in stakeholders’ perspective [29]. Tsalis (2013)
addressed the SBSC approach that contributed to enhance
social responsibility awareness of the industry [30]. As a
result, both the eco-efficiency element and sustainability
element were integrated into the hierarchical evaluation
system of SBSC in which economic, environmental, and
social factors were combined. Simultaneously, the envi-
ronmental and social perspective help stimulate growth of
the value added [31, 32].

2.2. IFAHP. IFAHP is a comprehensive evaluation method
formulated by combining intuitionistic fuzzy sets and AHP.
+e AHP method was employed to quantify experience and
subjective judgment of experts, which was proposed by Saaty
[33]. Although a noticeable advantage of AHP was that the
method enables to transform qualitative analysis into the
quantitative issue, and expert judgment with ambiguity has
not been considered. +erefore, the degree of membership
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Figure 1: Building and operating process of mine backfill.
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derived from fuzzy mathematics was introduced to the AHP
approach. However, this method cannot provide a quanti-
tative description of hesitation and abstention, and the
subjectivity of the evaluation remains strong. +e intui-
tionistic fuzzy set was further integrated to AHP, in which
the hesitancy degree enables to show the hesitation situation
in the evaluation process. IFAHP was developed by Xu and
Liao, which covers the degree of membership, the degree of
nonmembership, and hesitancy degree [34]. With respect to
IFAHP, there are several extremely significant advantages.
Since the hesitancy degree may explain the hesitation of
experts, the IFAHP approach can effectively solve the
subjectivity of expert decision-making in the evaluation
process. Moreover, the weights of indexes are obtained by
experts scoring, while its consistency test fails, the correction
is fulfilled by adjusting the iterative parameters, so there is no
need to gather experts for scoring again [35]. However,
IFAHP also has certain deficiency including dramatic in-
crease in computational complexity due to the addition of the
degree of nonmembership.

2.3. Proposed Backfill Operation Models

2.3.1. Self-Management Model. As shown in Figure 2, the
first model is the self-management model [4]. For the self-
management model, the mine owner is committed to setting
up a department of mine backfill, by which the activities of
mine backfill are operated. +erefore, all of businesses in-
volving mine backfill are controlled by the mine owner. +e
model requires that the mine owner enables to possess the
backfill technology and expertise and provides enough fi-
nancial support. +e benefits and risks arising from backfill
activities are held by the mine owner.

2.3.2. Outsourcing Model. As shown in Figure 2, the second
model is the outsourcing model [4]. For the outsourcing
model, the mine owner takes effort to select appropriate
vendors or service providers as the operator employed for
backfill operation service and management. Backfill ven-
dors and backfill service providers are expected to provide
physical resources, expertise, and sophisticated technology
which are applied for mine backfill. According to classi-
fication of outsourcing engagement, there are four scopes
of task outsourced including out-tasking, comanaged
services, managed services, and full outsourcing [36].
However, there are certain possibilities that some risk
might emerge such as cost escalation and inadequate
performance of vendors [37].

2.3.3. Joint Venture Alliance. As shown in Figure 2, the third
model is joint venture alliance [4]. For joint venture alliance,
the mine owner is admitted to build an organizational al-
liance with the backfill vendor on the basis of institutional
trust. +e critical factors for the backfill vendor selected as
the alliance partner are specialist knowledge, expertise, and
professional equipment possessed by the vendor. All of the
operational activities of backfill are controlled by joint

venture alliance. Compared with the transaction relation,
joint venture alliance is beneficial to reduce costs and time
[38]. +e mine owner and alliance partner share the rewards
and risks according to the proportion of equity investment
[39].

3. Methodology

It is crucial for the mining industry to select an appropriate
backfill operation model. +e flow chart of performance
evaluation of the mine backfill operation model is shown in
Figure 3. In the first step, the experts group is formed, in
which the experts specialized in expertise and management
knowledge of mine backfill are invited to participate in
assessment of backfill operation models. In the second step,
six perspectives of SBSC and performance indexes in terms
of mine backfill are identified. In the third step, each expert
in the group measures the importance degree of indexes and
constructs the complementary matrix of IFPR. In addition,
each expert is required to provide the evaluation matrix of
three backfill operation models. In the fourth step, the
intuitionistic fuzzy consistency judgment matrix is calcu-
lated, and the consistency test of the matrix is conducted by
which the validity of the calculation result is determined.
While the consistency test may fail, the parameter could be
used to adjust until the consistency test is passed instead of
scoring by experts again. In the fifth step, the weights of
indexes and total weights are calculated. Subsequently,
weighted results for each model are conducted, and final
scores are obtained. Finally, the mine backfill operation
models are summarized.

3.1. Identify SBSC Perspectives and Performance Indexes
+e SBSC method takes account of the sustainability issue.
Some scholars insert sustainable indexes into the conceptual
framework of BSC, while others incorporate eco-efficiency
indexes into the BSC [40]. However, with green mining
emphasized by more countries worldwide, this study prefers
to address the environmental perspective and social per-
spective to the proposed SBSC evaluation framework.
+erefore, there are six perspectives constructed for the
performance measurement framework of the mine backfill
including financial, stakeholders, internal process, learning
and growth, and environmental and social perspective. As
shown in Table 1, the performance indexes within the fi-
nancial perspective are total capital input, operational cost
optimization, and profit variance [24, 41, 42], whereas the
stakeholders’ perspective comprises indexes such as
mine owner satisfaction, backfill vendor satisfaction, and
regulatory satisfaction [11, 43, 44]. +e internal process
perspective involves mining-separation-backfill balance,
flexibility, communication and collaboration efficiency
[3, 45, 46]; whereas the learning and growth perspective
comprises of training and development, technological in-
novation capability, and knowledge sharing [46–48]. +e
environmental perspective includes reduction of environ-
mental impact and tailings utilization [45, 49]; the social
perspective consists of employee accident and health of
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residents [49, 50]. +e definitions and descriptions of the
indexes are shown in Table 1.

3.2. Steps of IFAHP

3.2.1. Construction of the Complementary Matrix of IFPR
Let a set of alternatives C � c1, c2, . . . , cn} . +e experts give
the preference degree by comparing ci with cj,
i, j � 1, 2, . . . , n. Generally, the experts need to provide the
preference degree including the membership degree and
nonmembership degree. However, it is very possible that

experts feel hesitant to quickly give the degree of mem-
bership. +erefore, compared with the fuzzy preference
relation, the intuitionistic fuzzy preference relation (IFPR)
proposes the issue of the hesitation degree. IFPR on the set C
is represented by a complementary matrix A � (rij)n×n,
where rij � (μij, ]ij), and μij is called the membership degree
[35], and it indicates the degree to which ci is more im-
portant than cj, and ]ij is denoted as the nonmembership
degree [35], and it represents the degree to which cj is more
important than ci. Both μij and ]ij are satisfied with the
conditions including μij ∈ [0, 1], vij ∈ [0, 1], 0≤ μij + vij ≤ 1,
and μij � vji. +e hesitation degree or degree of uncertainty

Form backfill operation model evaluation expert group

Identify SBSC perspectives and indexes

Measure the importance degree
of indexes by pairwise comparison

Construct the complementary matrix of IFPR

Calculate the intuitionistic fuzzy consistency
judgment matrix

Consistency test is passed ?

Consistency test is passed ?

Determine the index weight and total weight
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adjusting the parameter σ
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Figure 3: Flow chart of evaluation of mine backfill operation models.
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Figure 2: Schematic diagram of the proposed backfill operation models.
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πij is calculated through πij � 1 − μij − ]ij. In order to
quantify the degree of preference by pairwise comparison,
the related evaluation scale is proposed by Atanassov [52], as
shown in Table 2.

3.2.2. Consistency Test. +e process of consistency test
shows the improvement of IFAHP compared to the

traditional AHP method, which reflects validity of the
conclusion. Based on the complementary matrix of IFPR
A � (rij)n×n, the matrix A � (rij)n×n is obtained by the way
of calculation, which is denoted as the intuitionistic fuzzy
consistency judgment matrix.

When j> i+1, then rij � (μij, ]ij) [53],

μij �
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(2)

When j� i+1, then rij � (μij, ]ij);
When j< i, then rij � (]ji, μji).

+e values of μij, μij, ]ij, and ]ij are subsequently brought
into the following formula for the consistency test [53]:

Table 1: Description of evaluation indexes.

Evaluation indexes Description References
Financial perspective (B1)

Total capital input (C1) Investment related to mine backfill including equipment,
technology, professional technicians, and managers Agrawal et al. [41]

Operational cost optimization (C2) Optimization of expense items associated with operational
activities Lee et al. [42]

Profit variance (C3) Comparison of actual profit and planned profit Epstein et al. [24]
Stakeholders’ perspective (B2)

Mine owner satisfaction (C4) Satisfaction degree of mine owner with financial and backfill
operational management Lin et al. [43]

Backfill vendor satisfaction (C5) Satisfaction degree of backfill vendor with financial and
empowerment Moon et al. [11]

Regulatory satisfaction (C6) Compliance with standards and rules from regulatory bodies Modak et al. [44]
Internal process perspective (B3)

Mining-separation-backfill balance (C7) Mining, separation, and backfill process remain closed-loop
connection Qi et al. [45]

Flexibility (C8) Ability to adapt to environmental and market changes Baatartogtokh et al. [3]
Communication and collaboration
efficiency (C9)

Effectiveness of communication and collaboration among
stakeholders Tsai et al. [46]

Learning and growth perspective (B4)

Training and development (C10) Improvement of employee’s capacity by training of expertise
and skill Modak et al. [44]

Technological innovation capability (C11) Motivation and capacity to continuously improve technology Khaleie et al. [48]

Knowledge sharing (C12) Sharing knowledge and information associated with backfill
activities among stakeholders Tsai et al. [46]

Environmental perspective (B5)

Tailings utilization (C13) Minimization of risk of environmental pollution through
implementing backfill technology Liu et al. [49]

Reduction of environmental impact (C14) Percentage of tailings backfilled to underground voids Qi et al. [45]
Social perspective (B6)
Employee accident (C15) Occupational accident rate of employee Zhao et al. [50]
Health of residents (C16) Impact on community residents’ health condition Liu et al. [51]
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d(A, A) �
1

2(n − 1)(n − 2)


n

i�1


n

j�1

· μij − μij



 + ]ij − ]ij



 + πij − πij



 .

(3)

If d(A, A)< 0.1, it means A passed the consistency test.
If d(A, A)≥ 0.1, it means A does not pass the consistency

test. However, it is not indispensable that the experts provide
the preference degree once again. +e parameter σ is set and
used for iteration, where σ ∈ [0, 1]. +e parameter σ is
changed in steps of −0.01 from 1 through the iteration
process; correspondingly, the intuitionistic fuzzy consis-
tency judgment matrix is adjusted:

μij �
μij 

1− σ
μij 

σ

μij 
1−σ

μij 
σ

+ 1 − μij 
1−σ

1 − μij 
σ , i, j ∈ [1, n]

(4)

]ij �
]ij 

1− σ
]ij 

σ

]ij 
1−σ

]ij 
σ

+ 1 − ]ij 
1−σ

1 − ]ij 
σ , i, j ∈ [1, n].

(5)

According to abovementioned two formulas, the
values of uij and vij are calculated, and the adjusted
intuitionistic fuzzy consistency judgment matrix
A � ( rij)n×n is obtained, where rij � (uij, vij). While A and
A are brought to the following formula and the consis-
tency test still fails, the adjusting process by the parameter
is repeatedly conducted until the consistency test is
passed:

d(A, A) �
1

2(n − 1)(n − 2)


n

i�1

n

j�1
μij − μij



 + ]ij − ]ij



 + πij − πij



 .

(6)

3.2.3. Determination of Weights. +e relative weight of each
index is calculated by the following formula on the basis of
the intuitionistic fuzzy consistency judgment matrix [53]:

ωi�


n
j�1 μij


n
i�1 

n
j�1 1 − ]ij 

, 1 −


n
j�1 1 − ]ij 


n
i�1 

n
j�1 μij

⎡⎢⎢⎣ ⎤⎥⎥⎦ . (7)

+e weight of each secondary index and the
corresponding first-level index is aggregated and weighted in
accordance with the algorithm of the intuitionistic fuzzy
value, and the total weight is obtained. +e following are
related formulas [35]:

ω1 ⊗ω2 � μω1μω2, ]ω1 + ]ω2 − ]ω1]ω2( , (8)

ω1 ⊗ω2 � μω1 + μω2 − μω1μω2, ]ω1]ω2( , (9)

ω Ci(  � ωBk
⊗ωci

, k, i ∈ [1, n]. (10)

3.2.4. Calculation of Final Evaluation. +e score function
and ranking function are calculated through the following
formulas based on the intuitionistic fuzzy value [53].
Generally, the higher the score function value, the better the
evaluation of this backfill operation model. +e higher the
ranking function value, the lower the evaluation of this
backfill operation model:

H(ω) �
1 − ]ij

2 − μij − ]ij

, (11)

ρ(ω) � 0.5 1 + πω(  1 − μω( . (12)

4. Results and Discussion

4.1. Results

4.1.1. Establishing the Complementary Matrix of IFPR
+ere are ten experts in the panel with rich technology
knowledge and management experience in the field of mine
backfill in China. +e experts are invited to provide their
preference degree including IFPR of first-level indexes and
IFPR of secondary indexes. Moreover, the membership
degree and nonmembership degree given by ten experts

Table 2: IFAHP pairwise comparison scale and meaning.

Meaning Scale
Compared with two factors, i is extremely better
than j (0.90,0.10,0.00)

Compared with two factors, i is strongly better
than j (0.80,0.15,0.05)

Compared with two factors, i is obviously better
than j (0.70,0.20,0.10)

Compared with two factors, i is slightly better
than j (0.60,0.25,0.15)

Compared with two factors, i is equivalent to
j(i≠j) (0.50,0.30,0.20)

Compared with two factors, j is slightly better
than i (0.40,0.45,0.15)

Compared with two factors, j is obviously better
than i (0.30,0.60,0.10)

Compared with two factors, j is strongly better
than i (0.20,0.75,0.05)

Compared with two factors, j is extremely better
than i (0.10,0.90,0.00)
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need to be arithmetically averaged. So the complementary
matrices of IFPR are determined:

A �

(0.5, 0.5)(0.570, 0.265)(0.430, 0.405)(0.510, 0.305)(0.590, 0.255)(0.640, 0.230)

(0.265, 0.570)(0.5, 0.5)(0.380, 0.480)(0.450, 0.385)(0.520, 0.290)(0.560, 0.270)

(0.405, 0.430)(0.480, 0.380)(0.5, 0.5)(0.550, 0.275)(0.640, 0.230)(0.670, 0.215)

(0.305, 0.510)(0.385, 0.450)(0.275, 0.550)(0.5, 0.5)(0.580, 0.260)(0.610, 0.245)

(0.255, 0.590)(0.290, 0.520)(0.230, 0.640)(0.260, 0.580)(0.5, 0.5)(0.530, 0.285)

(0.230, 0.640)(0.270, 0.560)(0.215, 0.670)(0.245, 0.610)(0.285, 0.530)(0.5, 0.5)

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

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

,

A1 �

(0.5, 0.5)(0.550, 0.275)(0.560, 0.270)

(0.275, 0.550)(0.5, 0.5)(0.510, 0.305)

(0.270, 0.560)(0.305, 0.510)(0.5, 0.5)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

A2 �

(0.5, 0.5)(0.540, 0.280)(0.560, 0.270)

(0.280, 0.540)(0.5, 0.5)(0.500, 0.330)

(0.270, 0.560)(0.330, 0.500)(0.5, 0.5)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

A3 �

(0.5, 0.5)(0.530, 0.285)(0.520, 0.290)

(0.285, 0.530)(0.5, 0.5)(0.500, 0.310)

(0.290, 0.520)(0.310, 0.500)(0.5, 0.5)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

A4 �

(0.5, 0.5)(0.485, 0.335)(0.500, 0.320)

(0.305, 0.510)(0.5, 0.5)(0.530, 0.285)

(0.295, 0.530)(0.285, 0.530)(0.5, 0.5)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

A5 �
(0.5, 0.5)(0.560, 0.270)

(0.270, 0.560)(0.5, 0.5)
 ,

A6 �
(0.5, 0.5)(0.590, 0.255)

(0.255, 0.590)(0.5, 0.5)
 .

(13)

4.1.2. Consistency Test. +e intuitionistic fuzzy consistency
judgmentmatrix on first-level indexesA can be calculated by
using equations (1) and (2):

A �

(0.5, 0.5)(0.5700, 0.2650)(0.4483, 0.2497)(0.5000, 0.1945)(0.5840, 0.1427)(0.6178, 0.1291)

(0.2650, 0.5700)(0.5, 0.5)(0.3800, 0.4800)(0.4283, 0.2593)(0.5260, 0.1976)(0.5552, 0.1687)

(0.2497, 0.4483)(0.4800, 0.3800)(0.5, 0.5)(0.5500, 0.2750)(0.6280, 0.1176)(0.6619, 0.1080)

(0.1945, 0.5000)(0.2593, 0.4283)(0.2750, 0.5500)(0.5, 0.5)(0.5800, 0.2600)(0.6090, 0.1228)

(0.1427, 0.5840)(0.1976, 0.5260)(0.1176, 0.6280)(0.2600, 0.5800)(0.5, 0.5)(0.5300, 0.2850)

(0.1291, 0.6178)(0.1687, 0.5552)(0.1080, 0.6619)(0.1228, 0.6090)(0.2850, 0.5300)(0.5, 0.5)

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

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

. (14)

Putting A and A into equation (3), we get d (A, A)
� 0.0625< 0.1, and it means A passes the consistency test.
Similarly, the intuitionistic fuzzy consistency judgment ma-
trix on secondary indexes A1

—
, A2
—

, A3
—

, A4
—

, A5
—

, and A6
—

are
brought to equations (1) and (2) for the consistency test. It is

found that d(A1, A1)� 0.0637< 0.1, d(A2, A2)� 0.0646< 0.1,
d(A3, A3)� 0.0741< 0.1, d(A4, A4)� 0.0839< 0.1, d(A5, A5)
� 0< 0.1, and d(A6, A6)� 0< 0.1, which demonstrate that the
seven intuitionistic fuzzy consistency judgment matrices pass
the consistency test at one time.
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4.1.3. Determining Weight. According to equation (7), the
weights of six first-level indexes are obtained:

ωB1 � (0.1590, 0.8234),

ωB2 � (0.1590, 0.8234),

ωB3 � (0.1593, 0.8237),

ωB4 � (0.1303, 0.7859),

ωB5 � (0.1013, 0.7482),

ωB6 � (0.0856, 0.7277).

(15)

Similarly, the same method is used to bring the intui-
tionistic preference relation matrix of secondary indexes
into equation (7). +en, the weight of each secondary index
and its corresponding first-level index is aggregated by using
equation (10); hence, the total weight integrated first-level
index with the secondary index is obtained and shown in
Table 3:

ω Cj  � ωB1 ⊗ωC1 � (0.1590, 0.8234)⊗ (0.3201, 0.6499)

� (0.0509, 0.9382).

(16)

4.1.4. Evaluation of the Models. Ten experts are asked to rate
the abovementioned backfill operation models on the
IFAHP pairwise comparison scale.+e arithmetic average of
ten evaluation scores is taken as the expert evaluation result,
by which the intuitionistic fuzzy evaluation matrix is con-
structed, as shown in Table 4. +e evaluation results of the
backfill operational models including M1, M2, and M3 are
calculated through using the algorithm for the intuitionistic
fuzzy value including equations (8) and (9). +e score
function is calculated by applying equation (11).+e ranking
function is calculated by applying equation (12).

M1�⊕16i�1 M1j ⊗ω(Cj) � (0.41,0.48) ⊗ (0.0509,
0.9382)⊕ (0.56, 0.33) ⊗ (0.0405, 0.9237)⊕ (0.57,
0.35) ⊗ (0.0340, 0.9144)⊕(0.72, 0.21) ⊗ (0.0418,
0.9251)⊕(0.57, 0.29) (0.0335, 0.9080)⊕ (0.67, 0.25) ⊗
(0.0288, 0.8984)⊕ (0.66, 0.26) ⊗ (0.0487, 0.9350)⊕
(0.57, 0.32) ⊗ (0.0404, 0.9232)⊕ (0.59, 0.32) ⊗ (0.0346,
0.9149)⊕ (0.32, 0.60) ⊗ (0.0388, 0.9191)⊕ (0.35,
0.57) ⊗ (0.0349, 0.9111)⊕ (0.39, 0.53) ⊗ (0.0282,
0.8975)⊕ (0.51, 0.39) ⊗ (0.0495, 0.8707)⊕ (0.62,
0.31) ⊗ (0.0359, 0.8308)⊕ (0.64, 0.29) ⊗ (0.0433,
0.8657)⊕ (0.61, 0.31) ⊗ (0.0300, 0.8163)
� (0.2882,0.3409)
M2�⊕16i�1 (M2j ⊗ω(Cj))� (0.3370,0.2859)
M3�⊕16i�1 (M3jω(Cj))� (0.3394,0.2814)
H(1) � 0.4808, H(2) � 0.5186, and H(3) � 0.5210
ρ (1)� 0.4879, ρ (2)� 0.4565, and ρ (3)� 0.4555

4.2. Discussion. +is study focuses on how to make decision
on the optimal backfill operation model in the mining in-
dustries and proposes joint venture alliance. +e score

functions of the models are clearly shown in Figure 4. As
seen from the graph, the highest rating is joint venture
alliance, with a score function of 0.5210, which is viewed as

Table 3: Weight of each index and total weight.

First-level index Secondary index Total weight

B1 (0.1590,0.8234)
C1 (0.3201, 0.6499) (0.0509, 0.9382)
C2 (0.2555, 0.5680) (0.0405, 0.9237)
C3 (0.2137, 0.5151) (0.0340, 0.9144)

B2 (0.1313,0.7872)
C4 (0.3187, 0.6482) (0.0418, 0.9251)
C5 (0.2550, 0.5678) (0.0335, 0.9080)
C6 (0.2191, 0.5226) (0.0288, 0.8984)

B3 (0.1593,0.8237)
C7 (0.3060, 0.6315) (0.0487, 0.9350)
C8 (0.2537, 0.5642) (0.0404, 0.9232)
C9 (0.2172, 0.5172) (0.0346, 0.9149)

B4 (0.1303,0.7859)
C10 (0.2976, 0.6222) (0.0388, 0.9191)
C11 (0.2675, 0.5848) (0.0349, 0.9111)
C12 (0.2164, 0.5212) (0.0282, 0.8975)

B5 (0.1013,0.7482) C13 (0.4885, 0.4863) (0.0495, 0.8707)
C14 (0.3548, 0.3279) (0.0359, 0.8308)

B6 (0.0856,0.7277) C15 (0.5058, 0.5068) (0.0433, 0.8657)
C16 (0.3503, 0.3252) (0.0300, 0.8163)

Table 4: Intuitionistic fuzzy evaluation matrix of the models.

M1j M2j M3j

(0.41, 0.48) (0.62, 0.28) (0.74, 0.20)
(0.56, 0.33) (0.65, 0.25) (0.71, 0.21)
(0.57, 0.35) (0.69, 0.22) (0.73, 0.21)
(0.72, 0.21) (0.66, 0.23) (0.74, 0.20)
(0.57, 0.29) (0.69, 0.21) (0.74, 0.18)
(0.67, 0.25) (0.73, 0.19) (0.71, 0.20)
(0.66, 0.26) (0.69, 0.23) (0.62, 0.28)
(0.57, 0.32) (0.74, 0.19) (0.61, 0.26)
(0.59, 0.32) (0.69, 0.22) (0.64, 0.25)
(0.32, 0.60) (0.62, 0.29) (0.58, 0.32)
(0.35, 0.57) (0.44, 0.50) (0.53, 0.39)
(0.39, 0.53) (0.56, 0.36) (0.58, 0.33)
(0.51, 0.39) (0.69, 0.23) (0.65, 0.27)
(0.62, 0.31) (0.70, 0.22) (0.66, 0.23)
(0.64, 0.29) (0.71, 0.22) (0.71, 0.22)
(0.61, 0.31) (0.66, 0.27) (0.69, 0.22)

0.46 0.48 0.5 0.52 0.54

0.521

0.5186

0.4808

M1
M2
M3

Figure 4: Comparison chart of the score function of the models.
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the optimal strategic operation mechanism for mine backfill
in the study. +e next to be followed closely is the out-
sourcing model, which has a score function of 0.5186.
However, compared with other models, the self-manage-
ment model receives a lower score function of 0.4808, and
this implies that the outsourcing model is suboptimal de-
cision-making whereas the self-management model has
fewer advantages.

+e intuitive fuzzy evaluation matrix is transformed into
the score function by using equation (11), as seen in Table 5.
+ere are 16 secondary indexes constructed under 6 per-
spectives, among which the financial perspective covers 3
criteria including total capital input, operational cost opti-
mization, and profit variance, and the top importance of
these indexes for evaluating the backfill operation business is
given to joint venture alliance with scores of 0.6822, 0.7547,
and 0.7312. +is indicates that joint venture alliance has the
advantages in reducing investment cost, optimizing cost
structure, and profitability, which is followed by the out-
sourcing model. For the stakeholders’ perspective, there are
three secondary indexes under the first-level index, which
are mine owner satisfaction, backfill vendor satisfaction, and
regulatory satisfaction. Similarly, in the models, joint ven-
ture alliance receives the highest importance of 0.7453,
0.7547, and 0.7593. +is manifests mine owners and ven-
tures as well as regulators who have high satisfaction with
joint venture alliance. +e internal process perspective
covers three secondary indexes, in which the highest score of
mining-separation-backfill balance is given to the joint
venture alliance whereas the outsourcing model receives the
top importance of flexibility, communication and collabo-
ration efficiency. It shows the superiority of the outsourcing
model over other models in adaptability and communica-
tion capability. +e fourth perspective, learning and growth,
includes three secondary indexes, and joint venture alliance
is rated as the top importance with regard to training and
development and technological innovation capability
whereas the outsourcing model is considered the highest
importance with respect to knowledge sharing. It

demonstrates that joint venture alliance has a greater impact
on employee learning and technical improvement of the
mining industry. For the environmental perspective, the
outsourcing model receives the top score about tailings
utilization and reduction of environmental impact, which
implies that the model helps promote environmental pro-
tection. For the social perspective, joint venture alliance is
rated as the top importance in regard to employee accident
and health of residents, which shows that this model plays
the significant role in fulfilling corporate social responsi-
bility. In summary, joint venture alliance has greater ad-
vantages than the self-management and outsourcing model.

5. Conclusion

It is indispensable for the mining industry to find an
appropriate backfill operational mechanism which will fa-
cilitate the development of the mine backfill business;
therefore, this study proposes joint venture alliance; on this
basis, the model is compared with the self-management and
outsourcing model by the way of the integrated methods. In
order to assess three operation models, the study puts
forward the hierarchical framework and evaluation system
of mine backfill business evaluation, and the IFAHP method
is used to estimate the optimal model. It is found to draw the
following conclusions through adopting the proposed
approach.

(1) +is study establishes a strategic and hierarchical
framework for evaluating the backfill operation
model in the mining industry, which fully takes into
account sustainability and includes 6 perspectives
and 16 secondary indexes. In addition to financial,
stakeholders, internal process, and learning and
growth perspectives, environmental and social per-
spectives are integrated into the framework.

(2) Considering the hesitant degree existing under the
fuzzy environment and the fuzzy mathematical
thought, this study proposes the IFAHP approach,

Table 5: Score function of the secondary index on the three backfill operation models.

Secondary index Total weight M1j M2j M3j

Total capital input (C1) (0.0509, 0.9382) 0.4685 0.6545 0.6822
Operational cost optimization (C2) (0.0405, 0.9237) 0.6036 0.6818 0.7547
Profit variance (C3) (0.0340, 0.9144) 0.6019 0.7156 0.7312
Mine owner satisfaction (C4) (0.0418, 0.9251) 0.7383 0.6937 0.7453
Backfill vendor satisfaction (C5) (0.0335, 0.9080) 0.6228 0.7182 0.7547
Regulatory satisfaction (C6) (0.0288, 0.8984) 0.6944 0.7500 0.7593
Mining-separation-backfill balance (C7) (0.0487, 0.9350) 0.6852 0.7130 0.7340
Flexibility (C8) (0.0404, 0.9232) 0.6126 0.7570 0.6546
Communication and collaboration efficiency (C9) (0.0346, 0.9149) 0.6239 0.7156 0.6549
Training and development (C10) (0.0388, 0.9191) 0.3704 0.6514 0.6757
Technological innovation capability (C11) (0.0349, 0.9111) 0.3981 0.4717 0.6182
Knowledge sharing (C12) (0.0282, 0.8975) 0.4352 0.5926 0.5648
Tailings utilization (C13) (0.0495, 0.8707) 0.5545 0.7130 0.6147
Reduction of environmental impact (C14) (0.0359, 0.8308) 0.6449 0.7222 0.6759
Employee accident (C15) (0.0433, 0.8657) 0.6636 0.7290 0.6937
Health of residents (C16) (0.0300, 0.8163) 0.6389 0.6822 0.7290
Final score 0.4808 0.5186 0.5210

Advances in Civil Engineering 9



which is applied to determine the relative weight of
each index and total weight and calculate the final
score. Due to superiority of the IFAHP approach,
this method enables to reveal objectivity in the
process of model evaluation. +erefore, the inte-
grated method is addressed through applying SBSC
along with the IFAHP approach, which better
shows the combination of several factors concerned
including strategy, sustainability, hierarchy, and
objectivity.

(3) +ere are self-management and outsourcing gener-
ally used as backfill operation models worldwide,
whose advantages are insufficient from the strategic
and sustainability perspective. +e novelty of this
study lies in proposing joint venture alliance and
exploring its superiority in the mine backfill man-
agement. +rough comparison and evaluation of the
models including joint venture alliance, self-man-
agement, and outsourcing, the results show that joint
venture alliance receives the top score, next is fol-
lowed by the outsourcing model, and the last one is
the self-management model. +us, joint venture
alliance is considered as the optimal operation
mechanism of the mine backfill, followed by the
outsourcing model, and the self-management model
has few advantages compared with the other models.
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