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Abstract

:

Prefabricated building is an efficient building mode. Compared with the traditional building mode, the prefabricated building has advantages of less pollution, high construction efficiency, being more labor-saving, and economy, which is in line with China’s sustainable development strategy. This paper proposes a supplier selection evaluation model based on the mechanism equation model (SEM) and intuitionistic fuzzy analytic hierarchy process (IFAHP). Based on a detailed literature review, 300 structured questionnaires were distributed to the relevant enterprises, and an evaluation index system of prefabricated building element suppliers was built. With the fitting and modification process using a structural equation model, and assist of a path factor, an evaluation index system for evaluating the prefabricated building element suppliers was finally obtained. Finally, the intuitionistic fuzzy analytic hierarchy process was used to establish a selection model of prefabricated element suppliers, and the prefabricated element suppliers of Shuangyashan prefabricated construction projects were analyzed as a case study. The results show that the following factors have the most significant impact on supplier selection (from high to low): quality, economy, long-term cooperation, after-sales, and transportation. This study had a comprehensive consideration of the influencing factors existing in the whole selection process and should provide a valuable reference for the sustainable development of prefabricated construction engineering.
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1. Introduction


Prefabricated buildings can be traced back to 1940, which refers to buildings built with elements produced in the component production factory and then delivered and assembled at the construction site [1]. Prefabricated buildings have advantages of high construction efficiency, being cost-saving, and environmentally friendly. Owing to the sustainable development strategy, the Chinese government has issued relevant policies to promote the reform of the construction industry, and local governments at all levels have shown active support. As a result, a large number of prefabricated building element suppliers have come into the market accordingly. Nowadays, making an optimal choice among the numerous suppliers to maintain a safe and stable construction, to save the cost to the greatest extent, and to cooperate with future construction projects for a long time has become an urgent issue in China’s construction industry.



Construction with prefabricated components is considered an efficient method to improve productivity and construction efficiency [2]. However, without proper management and planning from the beginning of the construction element supplier selection, the investment risks are likely to occur, which is not conducive to the sustainable development of construction enterprises [3]. The current research on the selection of prefabricated construction suppliers is still at an early stage [4]. By investigating the relevant literature in recent years, most of the research on supplier selection focuses on manufacturing, logistics, and agricultural economy. The selection of building components suppliers is relatively rare [5].



The comprehensive evaluation of assembly building suppliers can be analyzed jointly from the method and multi-dimensional factors. The use of multi-dimensional system indicators in the analysis method will make the results more scientific. There are many methods for the use of establishing a comprehensive evaluation system, including the sensitivity analysis method of grey system theory [6], cluster analysis method [7], analytic hierarchy process [8,9], fuzzy comprehensive evaluation method [10], rough set analytic hierarchy process [11], and factor analysis method [12], etc. Although the above methods introduce the uncertainty of factors in the analysis, there is no random and objective evaluation of the influencing factors of supplier selection. To overcome the shortcomings, the structural equation model was used in this paper. The advantage of the structural equation model is that it combines the statistical results with the hypothetical relationship to verify and estimate the logical relationship between factors, which overcomes the shortcomings of the above methods. Chang [13] used an SEM model to analyze the safety risk mechanism of prefabricated building construction, conducted analyses from the aspects of personnel, management, and mechanical technology, and quantified the index system to determine the biggest risk factor in a project. Li [14] used SEM to quantitatively evaluate the impact of investment risk of prefabricated buildings and made suggestions on avoiding the most influential factors. Hong et al. [15] have characterized and quantified the factors of construction equipment shutdown based on SEM and strengthened the management of key risks. Wei [16] studied the management mode and supply chain of congregate apartments, analyzed the problems existing in the development of the supply chain ecosystem, and provided corresponding suggestions. Huang [17] established a performance evaluation model in the supplier research of prefabricated building elements, which provided ideas for the sustainable development strategy of prefabricated buildings. Cheng studied the difference of concrete rates for prefabricated elements and reduced the subsequent cost of construction projects in terms of the economy [18]. Zhao took the fabricated buildings constructed with the regular mode in Hefei as an example, analyzed the strategic objectives of traditional cast-in-place buildings, and found it has a serious pollution problem, which makes them unsuitable for sustainable development. In contrast, he expounded the comprehensive economic benefits of the prefabricated buildings and put forward a comprehensive benefit evaluation model, which theoretically supported the sustainability of prefabricated buildings [19]. According to the review of previous investigations, it is found that the research on the development of prefabricated buildings is mostly based on the existing political factors, economic factors, management factors, etc., and therefore can only take care of the existing problems. Different from previous studies, this work regards time as a factor of sustainable development and takes care of the problems in the follow-up long-term cooperation and building operation stage. On the analysis of selecting the prefabricated building element suppliers, the affecting factors covered the aspects from quality, technology, economy, and management to long-term cooperation.



In summary, when selecting a prefabricated building element supplier, various aspects need to be taken into consideration. First, a risk assessment (RIA) is needed, which helps to analyze the source of fabrication risks and economic risks in the construction process of prefabricated buildings, as well as the common mistakes in the long-term follow-up cooperation [20]. Zhang et al. effectively combined the risk problem with the mathematical model [21]. Nevertheless, many investigations focusing on supplier selection management are mainly based on decision theory combined with actual engineering experience and only give decision evaluations for the short term, which makes it hard for construction enterprises to find long-term cooperative suppliers. Therefore, for the selection of element suppliers, the key is to highlight the risk source for the whole process, starting from production and installation to the later operation stage, and establish a comprehensive evaluation index system for construction enterprises to comprehensively evaluate the suppliers. In the process of production, construction, and long-term operation of the prefabricated elements, this study explores the potential relationship between various indexes in the evaluation system of element supplier selection, establishes the relevance model, and constantly modifies it in the process of verification. The relevance degrees between different factors were highlighted, which fed back the evaluation system. In response to the problems found in the research process, this research will further discuss and put forward guiding suggestions.



The purposes of this study are as follows:



(1) To establish a comprehensive selection index system for sustainable cooperation between the construction company and prefabricated element supplier.



(2) To clarify the hidden correlations between latent variables and optimize the structural equation model.



(3) Use the SEM-IFAHP method to select sustainable prefabricated building element suppliers for Shuangyashan prefabricated construction companies to achieve maximum economic benefits.




2. Materials and Methodology


By summarizing the research of previous scholars, to achieve the research purpose of this article, this research has designed a set of research plans for the selection of prefabricated construction suppliers.The flow chart of the method for selecting suppliers of prefabricated building components is shown in Figure 1.



2.1. Analysis of Factors Affecting Supplier Selection and Hypotheses


2.1.1. Economic System Factors


When selecting suppliers of prefabricated building elements, the main sources affecting the economic system are fabrication, transportation, storage, and developments over time [22]. In the fabrication process, different manufacturers have different material sources and labor costs, which can lead to differences in the costs of fabrication and transportation. On the other hand, after booking the building elements, a slight delay in the construction project will increase its storage cost [23], which also needs to be taken into account in the economic system. Besides the economic factors inherent in the target project, the price that suppliers can offer may fluctuate with the development of time [24], technological innovation, and long-term cooperation, and this is another factor requiring analysis. In terms of the economic system factors, this study puts forward five hypotheses to test and verify the corresponding relationships:



Hypothesis 1a (H1a).

The economic system has a great impact on the selection of prefabricated element suppliers.





Hypothesis 1b (H1b).

Freight cost has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 1c (H1c).

Price fluctuation has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 1d (H1d).

Element fabrication cost has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 1e (H1e).

Storage loss has a relatively great impact on the selection of prefabricated element suppliers.






2.1.2. Quality System Factors


In the quality system, the selection of suppliers is mainly concerned with the quality of products. In addition to controlling the qualified rate, the manufacturing process and inspection stage should also be considered [25]. In the investigation of suppliers, factors regarding the products return should also be analyzed [26]. The quality management of suppliers in the production process can affect the qualified rate of products, so the interaction between them should be considered when establishing the evaluation system. In previous studies, the quality inspection of prefabricated building elements is generally conducted only on the selected samples before they leave the factory, and all the problems in the construction stage will be considered as the result of improper operation of construction enterprises [27]. To eliminate such deficiency, this work will discuss and analyze the quality problems during the construction stage and include them into the quality system factor analysis. In terms of the quality system factors, this study puts forward six hypotheses to test and verify the corresponding relationships:



Hypothesis 2a (H2a).

The quality system has a great impact on the selection of prefabricated element suppliers.





Hypothesis 2b (H2b).

Quality management has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 2c (H2c).

Product return rate has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 2d (H2d).

Manufacturing standardization has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 2e (H2e).

Construction qualification rate has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 2f (H2f).

Probability of quality problem occurrence during construction has a relatively great impact on the selection of prefabricated element suppliers.






2.1.3. Transportation System Factors


Process analysis is often used in the study of transportation problems [28]. Setting buffer intervals in transportation strategy can increase the flexibility of scheduling [29]. According to the previous studies, enterprises with flexible supply schemes in the transportation system have more advantages in efficiency and can greatly avoid the engineering economic risk caused by the delay of the construction period due to insufficient supply [30]. As the transportation process may be restricted by traffic regulations, traffic violations can also lead to the delay of the construction project schedule [31]. At the same time, the transportation process should be carried out strictly in accordance with the transportation specifications to guarantee the building elements’ quality. In terms of the transportation system factors, this study puts forward five hypotheses to test and verify the corresponding relationships:



Hypothesis 3a (H3a).

The transportation system has a great impact on the selection of prefabricated element suppliers.





Hypothesis 3b (H3b).

Transportation standardization has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 3c (H3c).

Flexible supply scheduling has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 3d (H3d).

On-time delivery rate has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 3e (H3e).

Traffic violation rate has a relatively great impact on the selection of prefabricated element suppliers.






2.1.4. Long-Term Cooperation System Factors


When selecting element suppliers for construction enterprises, it can be very troublesome if the whole selection process must be carried out repeatedly for every new project in the same city, which is unfavorable to the management and makes it difficult to reuse some old documents. In order to make the operation of construction enterprises more efficient, long-term sustainability cooperation between construction enterprises and suppliers is therefore advocated [32]. Long-term sustainable cooperation can not only meet the national policy incentives but also improve the engineering economy. The reason is that long-term cooperation with a supplier can reduce not only the cost but also the labor work [33]. Based on the above considerations, this study introduces the study on the enterprise management direction, evaluates the enterprise information of suppliers, and integrates them into the comprehensive information evaluation system of suppliers. In terms of the long-term cooperation system factors, this study puts forward seven hypotheses to test and verify the corresponding relationships:



Hypothesis 4a (H4a).

The long-term cooperation system has a great impact on the selection of prefabricated element suppliers.





Hypothesis 4b (H4b).

Enterprise financial condition has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 4c (H4c).

Enterprise production equipment has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 4d (H4d).

Enterprise innovation has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 4e (H4e).

Enterprise management capacity has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 4f (H4f).

Production qualification has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 4g (H4g).

Technological development has a relatively great impact on the selection of prefabricated element suppliers.






2.1.5. Customer Service System Factors


Manufacturing companies are shifting from being pure manufacturers to offering solutions and services, often delivered through their products or in association with them [34]. One perspective which has been popularized over the years is that services are “intangible products.” In fact, no services are purely intangible [35]. Suppliers who are willing to provide technical supports actively are generally welcomed by construction enterprises because the problems encountered in the construction process are not necessarily caused by construction enterprises [36]. Suppliers participating in the problem-solving at this stage can promote the progress of construction projects. In terms of the customer service system factors, this study puts forward five hypotheses to test and verify the corresponding relationships:



Hypothesis 5a (H5a).

The after-sales system has a great impact on the selection of prefabricated element suppliers.





Hypothesis 5b (H5b).

Customer service capability has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 5c (H5c).

Technical support has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 5d (H5d).

Customer service track has a relatively great impact on the selection of prefabricated element suppliers.





Hypothesis 5e (H5e).

Problem-solving efficiency has a relatively great impact on the selection of prefabricated element suppliers.







2.2. Establish a Factor Evaluation Index System


2.2.1. Model Index Establishment


Through the above factor analysis and discussion, we divided the strategy of selecting prefabricated building element suppliers into five aspects, which correspond to five potential variables: cost system, quality system, transportation system, long-term cooperation system, and after-sales system. The relationship between the structure and the mediating effect is shown in Figure 2.



Based on expert visits, field investigation, and detailed literature review, the authors found that the above five factors are interrelated. We, therefore, can use them to determine the path relationships among them and define the model assumptions and measurement variables.




2.2.2. Model Identification Verification


According to the logical relationships, this paper established the correlated uniqueness model. However, it was difficult to estimate the CTCM model (Correlated Train/Correlated Method). Thus, in 2013, Laura Castro-Schilo [37] proposed a model test method using t-rule, which was used to solve the valuation problem of CTCM model. The symbol t is the number of free estimates of parameters, and the principle that should be followed is shown in Formula (1):


  t ≤ p  (  p + 1  )  + p    



(1)







According to the structure chart, the literature review, the author’s analysis, and hypotheses, the structure model of this paper contains five primary indexes, namely economic system, quality system, transportation system, long-term cooperation, and after-sales system. Among them, the economic system includes four secondary indexes, namely freight cost, price fluctuation, element fabrication cost, and storage loss. The quality system consists of five secondary indexes, which are quality management, product return rate, manufacturing standardization, construction qualification rate, and probability of quality problem occurrence during construction. The transportation system mainly concerns four aspects, which are transportation standardization, flexible supply scheduling, on-time delivery rate, and traffic violation rate. The secondary indexes for the long-term cooperation system are the enterprise financial condition, production equipment, innovation, management capacity, production qualification, and technological development. Those for the after-sales system are the customer service capability, technical support, and customer service tracking problem-solving efficiency.





2.3. Questionnaire Design and Data Survey


According to the literature investigation and the author’s hypothesis in chapter 2.1, this study adopted the Likert 5 scale and established five evaluation dimensions for each evaluation index [14]. At the same time, the research also designed a questionnaire and distributed it to scholars in related fields. In the evaluation system, “1 point” means no impact basically; “2 point” means a relatively light impact; “3 point” is a general impact degree; “4 point” represents a relatively great impact; and “5 point” denotes a great impact. The evaluation system is shown in Table 1.



The questionnaire analysis method and structure model established in this study are based on SPSS and Amos software. According to the optimal sample size interval designed by the software, a total of 300 questionnaires were distributed, of which 269 (89.7%) were returned as effective. Among the 31 excluded questionnaires, the results varied significantly and, therefore, were considered as too subjective, which is not statistically significant. The age and workplace distribution of the interviewed experts and students are shown in Figure 3.




2.4. Combination Reliability and Correlation Analysis


After the questionnaire was administered, the questionnaire information data is statistically aggregated to SPSS software, with standardized data transformation. The transformed data can derive the construct reliability, and average variance extracted values for the survey data using Equations (2) and (3). When both CR and AVE pass the test, the batch of data can be said to have passed the reliability and validity test. The reliability of the data can then be tested. The reliability test is passed when the KMO and Bartlett sphere accord with the standard values:


  C R =  (   ∑   λ 2   )  /  (   (   ∑   λ 2   )  +  ∑  δ  )   



(2)






  A V E =  (   ∑   λ 2   )  / n  



(3)








2.5. Introduction of the Structural Equation Model


Structural equation modeling (SEM) is a statistical method used to analyze the relationship between variables based on the covariance matrix of variables [38], which is an important tool for multivariate data analysis. SEM is essentially a comprehensive verification analysis method, which is widely used in psychology, pedagogy, sociology, and other fields. A common point in establishing an evaluation index system in these fields is that each index in these index systems cannot be measured intuitively and accurately. These qualitative indexes are called latent variables, such as personnel intelligence, work motivation, social environment impact, and so on. Generally, the measurement of these potential variables needs to be carried out by means of a method called observable indexes. Observable indexes can predict potential variables, complex independent variables, or dependent variables by analyzing the relationship between various factors. The traditional linear regression analysis allows the dependent variable to have measurement error, but the premise is that the independent variable itself has no error. The structural equation model can be divided into a measurement model and a structural model. The measurement model refers to the relationship between indexes and latent variables [39], while the structural model refers to the relationship between the latent variables after standardized correction.



Independent variables and dependent variables can be measured by observation variables, and the relationship between them can be represented by measurement matrix. Independent variables and dependent variables can be expressed with Equations (4) and (5):


  X =  Γ X  γ + ε  



(4)






  Y =  Γ Y  δ + ζ  



(5)







In the structural model, the relationship between independent variables and dependent variables is given in Equation (6):


  η = α γ + β δ + θ  



(6)







In the SEM structure diagram, latent variables are unpredictable, which are usually represented by ellipses. Measurement variables can be obtained by direct measurement, which are usually represented by rectangles [40]. The relationship between the measurement model and the structural model is shown in Figure 4.




2.6. Intuitionistic Fuzzy Analytic Hierarchy Process Model


2.6.1. Introduction of the Intuitionistic Fuzzy Analytic Hierarchy Process


Compared with the traditional building mode, when choosing suppliers for prefabricated buildings, we need to consider not only cost and quality, but also the transportation, long-term cooperation, and after-sales service, which makes it more complex. In the following chapters, we will apply an intuitionistic fuzzy analytic hierarchy to establish a selection and evaluation model for the use of selecting the prefabricated building element suppliers.



Zadeh [41] put forward the traditional fuzzy set theory in 1965, and Atanassov [42] put forward the intuitionistic fuzzy set theory based on the traditional fuzzy set theory in 1983. The traditional fuzzy set only considers membership, while the intuitionistic fuzzy set considers membership grade, non-membership grade, and hesitation at the same time, so it has more advantages than the fuzzy set theory in dealing with fuzziness and uncertainty. Xu and Liao [43] combined intuitionistic fuzzy sets with an analytic hierarchy process and developed a comprehensive fuzzy analytic hierarchy process. The basic steps of using IFAHP to calculate the weight of the evaluation index for component supplier selection are as follows.




2.6.2. Establishment of Intuitionistic Fuzzy Matrix


The intuitionistic fuzzy judgement matrix can be used to describe objective information, and the intuitionistic fuzzy judgement matrix establishment is shown in Formula (7):


      A =    (   A  i j    )    n × n          A  i j   =  (   μ  i j   ,  ν  i j    )  ,   i , j = 1 , 2 , … n      



(7)




where    A  i j     is the comparison result between the    i  t h     factor index and the    j  t h     factor index of the evaluation system;    u  i j     represents the degree of membership, which refers to the importance of index i relative to index j, and    v  i j     is the degree of hesitation. With    u  i j     and    v  i j    , one can use the following equation to quantify the importance of the indexes. Table 2 is the corresponding evaluation scale as defined herein.


   π  i j   = 1 −  μ  i j   −  ν  i j    



(8)








2.6.3. Consistency Test


In the intuitionistic fuzzy analytic hierarchy process, it is necessary to perform a consistency check on the intuitive decision matrix, which is as follows [44], to avoid errors in the final results or unreliable calculated data:


       A ¯  =    (    z ¯   i j    )    n × n         When   j > i + 1   ,     z ¯   i j   =  (    μ ¯   i j   ,   v ¯   i j    )       



(9)






    μ ¯   i j   =       ∏   t = i + 1   j − 1    μ  i t    μ  t j     j − i − 1         ∏   t = i + 1   j − 1    μ  i t    μ  t j     j − i − 1       ∏   t = i + 1   j − 1   ( 1 −  μ  i t   ) ( 1 −  μ  t j   )   j − i − 1      



(10)






        v ¯   i j   =       ∏   t = i + 1   j − 1    v  i t    v  t j     j − i − 1         ∏   t = i + 1   j − 1    v  i t    v  t j     j − i − 1       ∏   t = i + 1   j − 1   ( 1 −  v  i t   ) ( 1 −  v  t j   )   j − i − 1           When   j = i + 1     or   j = i   ,     z ¯   i j   =  z  i j     .   When   j < i ,       z ¯   i j   =  (    v ¯   j i   ,   v ¯   j i    )  .      



(11)







A parameter d was introduced to represent the test distance between   A   and     A  ¯  .   If   d  (   A  ,   A ¯    )  < τ  , the intuitionistic fuzzy set satisfies the consistency. In this study, τ was set to 0.1, which represented the consistency index threshold:


  d  (    A ¯   ,  A   )  =  1  2  (  n − 1  )   (  n − 2  )      ∑   i = 1  n    ∑   j = 1  n   (   |    μ ¯   i j   −  μ  i j    |  +  |    v ¯   i j   −  v  i j    |  +  |    π ¯   i j   −  π  i j    |   )   



(12)




when   d  (    A ¯   ,  A   )  ≥ τ   indicates that the consistency was not satisfied. To make these cases pass the consistency verification, we introduced the iteration parameter σ and performed equidistant traversal. The iteration parameters were limited in the range of σ ∈ [0,1]. The iteration started from 1, and the number of reverse steps distance was −0.01. The detailed steps are as shown in Formulas (13)–(15) [45]:


    μ ˜   i j   =      (   μ  i j    )    1 − σ     (   μ ¯   i j   )  σ       (   μ  i j    )    1 − σ     (   μ ¯   i j   )  σ  +    (  1 −  μ  i j    )    1 − σ     ( 1 −   μ ¯   i j   )  σ    ,  



(13)






    v ˜   i j   =      (   v  i j    )    1 − σ     (   v ¯   i j   )  σ       (   v  i j    )    1 − σ     (   v ¯   i j   )  σ  +    (  1 −  v  i j    )    1 − σ     ( 1 −   v ¯   i j   )  σ    ,  



(14)






  d  (    A ˜   ,  A   )  =  1  2  (  n − 1  )   (  n − 2  )      ∑   i = 1  n    ∑   j = 1  n  (  |    μ ˜   i j   −  μ  i j    |  +  |    v ˜   i j   −  v  i j    |  +  |    π ˜   i j   −  π  i j    |  )  



(15)








2.6.4. Weight and Score Calculation


After passing the consistency test, the intuitionistic decision matrix was simplified by Formula (16):


   ω i  =  (      ∑   j = 1  n    μ ¯   i j       ∑   i = 1  n    ∑   j = 1  n   (  1 −   v ¯   i j    )    , 1 −     ∑   j = 1  n  ( 1 −   v ¯   i j   )     ∑   i = 1  n    ∑   j = 1  n    μ ¯   i j      )   



(16)







Formulas (17) and (18) were used to calculate the score and weight value of the evaluation index, respectively:


  H  (   ω i   )  =   1 −  v i    1 +  π i     



(17)






   σ i  =   H  (   ω i   )      ∑   j = 1  n  H (  ω i  )    



(18)







By comparing the advantages and disadvantages of the same index of different suppliers, the judgment matrix can be obtained, and the score matrix can be constructed by substituting the judgment matrix into Formula (19). The prefabricated building element supplier with the highest score is the optimal choice. G is the score value obtained by multiplying the weight vector and the score matrix. By arranging the values, it is convenient for us to select the most suitable component supplier:


  G = W ⋅  F T  ⋅ 100  



(19)




where W is the weight vector of   H  (   ω i   )      intuitionistic fuzzy, and    F T    is the score matrix of each supplier’s secondary indexes.






3. Case Study Results


The project of Shuangyashan Chengxiang construction and installation company is located in Shuangyashan City, Heilongjiang Province, with a total construction area of 216,943 square meters, two underground floors, and 15 above-ground floors. The project adopts prefabricated concrete frame shear wall structures. After a preliminary screening, there are four suppliers (S1, S2, S3, S4) around Shuangyashan City to choose from.



3.1. Data Analysis


After excluding the 31 invalid questionnaires, the valid scores were summarized. The reliability and validity of the data were tested by the SPSS software. When testing the validity, the CR value of each index should be greater than 0.8, and the AVE value of the data in this paper is greater than 0.5 [46], which proves the validity of the scoring data. The results presented in Table 3 indicate that all the latent variables are statistically valid.



When testing the reliability, the Cronbach’s α value of each index should be greater than 0.7 [47]. The Cronbanch’s α value of the data in this paper is greater than 0.8, which proves the reliability of the scoring data. Only when the reliability test was passed can the effective reliability test be continued. According to the measurement standard given by Kaiser [48], when KMO and Bartlett are used for testing, the KMO value should be greater than 0.8, and Bartlett sphere test value should be significant on p = 0 [46]. When both are achieved, a strong correlation between the data of the questionnaire survey can be proved, and the data can be used as analysis factors to pass the validity test. Table 4 is a summary of the initial and standardized Cronbanch’s α values along with the KMO values and the Bartlett sphere test results.




3.2. Establishment and Modification of Structural Equation Model


3.2.1. Establishment of SEM


According to the principle of complex systems science [49], we summarized the relationships among the latent variable. The conclusion is as follows: first, the fabrication cost affects the quality of the prefabricated elements, the freight mode, and the transportation efficiency. While the quality problem of the elements can influence its supply ability and serviceability, as well as long-term cooperation and follow-up quality tracking, the transport capacity affects the quality of the element during transportation, as well as the economic problems associated with storage, and at the same time, affects the subsequent cooperation. On the other hand, the long-term cooperation standard of the suppliers affects their economic condition, product quality, product transportation, and customer service capabilities. A summary of the relationship between the above, latent variables is shown in Figure 5.




3.2.2. Modification of SEM


The rationality and relevance of the index system proposed in this study can be verified by the fitting degree of each index in the structural equation model with Amos software [50]. The modification indexes (MI) index and part change (PC) index of the initial structural model [51] can be used to modify its association. For the observation variables with large indexes in the model, the mediating effect can be used to assess their association degree. Based on the first-order modeling, a factor association path was added through mediating effect to achieve the standard of model index adaptation [52]. The modified model is shown in Figure 6. The values of CMIN/df,RMR,RMSEA,GFI,AGFI,NFI,IFI,CFI are shown in Table 5. According to the results in Table 5, the modified model based on MI and PC index is feasible. Below are the three hypotheses adopted by Amos in the analysis of structural equations:



(1) The latent variables of SEM have a linear relationship.



(2) The normality of the observed variables is in accordance with the normal distribution.



(3) The values of the observed variables are independent, and the samples are random.



The normality evaluation of the modified SEM model is shown in Table 6. According to the results, the skewness coefficient of the 23 observation variables is less than 3 [53], and the kurtosis coefficient is less than 8 [44]. At the same time, the distribution of the data conforms to the normal distribution, which proves that the above three hypotheses are true, so the model is correct. The non-standardized errors, standard errors, critical ratios, significance levels, and standardized values are shown in Table 7.



From Table 7, we can conclude that the standardized variable path coefficient can be used to reflect the influence of each observed variable on potential variables. In the economic system, the path coefficients of the element fabrication cost and price fluctuation reach 0.771 and 0.729, respectively, which indicates that the impacts of these two are significant in the latent variables of the economic system. Thus, attention should be paid when selecting element suppliers so as to ensure the element quality and meet the optimal price as much as possible. In the quality system, the element qualification rate has the largest path coefficient, which is 0.882. This shows that, in the quality system, the element qualification rate is the most important factor, and it is followed by the manufacturing standardization and return rate. Their path coefficients are 0.879 and 0.817, respectively. In the transportation system, the most influential factor is the on-time delivery rate, whose coefficient is 0.892. For construction companies, the timely arrival of components can greatly affect the project economy. Only by ensuring the timely arrival of goods, the whole project can be carried out in an orderly manner. Secondly, we need to focus on flexible supply scheduling, which is conducive to saving a lot of time when there are order changes. In the long-term cooperation system, the path coefficients of technological innovation, enterprise financial conditions, and enterprise management ability are relatively high, which are 0.874, 0.870, and 0.833, respectively. Thus, they are the key points when considering the long-term cooperation with the element suppliers. In the after-sales system, the construction party pays the most attention to the efficiency of problem-solving because its path coefficient is 0.873.





3.3. Results


3.3.1. Establishment of Intuitionistic Fuzzy Complementary Judgment Matrix


According to the previous analysis in this work, there are five primary indexes, which are economic index A1, quality index A2, transportation index A3, cooperation index A4, and after-sales index A5. We invited two expert groups with more than 20 years’ working experience to adopt the pairwise comparisons, and then we got the intuitionistic fuzzy judgment matrix.



After comparing the judgment matrix given by expert group 1 with that of expert group 2, we got the importance of evaluation indexes, see Table 8.



When verifying the consistency of the results in Table 7, it was found that d =    (    A ¯   ,  A   )    = 0.173 ≥ 0.1, which indicated the consistency verification failed, and the intuitionistic decision matrix   (    A ¯   ,  A   )   did not meet the requirements of matrix A. Thus, the iteration process was needed, and the consistency was achieved when σ = 0.67, with which   d  (    A ˜   ,  A   )  = 0.0987 < 0.1  .




3.3.2. Score of Each Supplier


Through the consistency detection and modification of the intuitionistic fuzzy decision matrix mentioned above, the revised index weights and importance are listed in Table 9.



According to Table 9, the quality index has the largest weight, which is 0.253. Hence, in the whole evaluation system, the quality factor is the most important aspect. It is followed by the economic and long-term cooperation indexes, and their weight values are 0.245 and 0.218, respectively.



Similar methods can be used to calculate the secondary indexes. The summary of the primary index weights, the secondary index weights, and the total weights are listed in Table 10.



The two expert groups scored the secondary indexes of the four suppliers (S1, S2, S3, S4) involved in the project, and the values are shown in Table 11.



Combining Table 11 and Equation (19), the score vector was obtained as follows:


  G = W ⋅  F T  ⋅ 100 =  (  153.74 , 150.85 , 155.46 , 154.69  )   



(20)







Therefore, S3 is the most suitable supplier.






4. Discussion


The purpose of this study is to find and verify the potential influencing factors of supplier selection of prefabricated building elements. The results show that there are relative independence and causality among the influencing factors. In order to make the research results more practical, here we do the following discussion



The factors that affect the economy of the prefabricated construction project come from the whole process of elements from production to operation and maintenance. Therefore, the best supplier should have the ability to properly handle any problems arising from the process.



When comparing the standardized values of the first level indicators, the maximum value is 0.892, the minimum value is 0.552, and the value of the standard distance is less than 0.5. Considering the relationship between SEM mediating effect and hypothesis in this study, we can conclude that economy, quality, transportation, after-sales service, long-term cooperation, and other factors are independent in the whole supplier selection process. This finding is consistent with the research of Yang (2001) [20]. In the study of supplier selection, risk identification should be carried out for the whole life cycle of components.



In the calculation results of the first level indicators, it is found that the weight value of the quality system is the largest.



Therefore, in the process of supplier investigation, more attention should be paid to the quality of prefabricated elements. After calculating the weight of secondary indicators, it is found that the weight values of qualified rate and return rate are almost the same. In addition, 67.2% of the employees working in construction enterprises think that the impact of return rate is higher than that of qualified rate on the quality system. Based on the investigation and analysis of this special phenomenon, it is found that, under the policy requirements of the Chinese government, some suppliers may temporarily improve the production quality during quality inspections, but choose to save the material cost in daily production, thus reducing the quality. This causes some suppliers with the highest qualification rate to face return events in actual projects.



The recovery rate determines whether the project schedule is delayed, whether the transportation cost is wasted, and whether there will be disputes in the future contract documents.



Therefore, in the investigation and evaluation of supplier quality system, we should comprehensively consider the product qualification rate, return rate, quality management level, and other indicators [25]. In case of any abnormality in the sample data, the supervision and analysis of the product delivery should be carried out.



In the second cost system, cost is the only principle throughout the supplier selection strategy, which is affected by various factors. The weights of the secondary indicators of the economic system are 0.068, 0.063, 0.079, and 0.062, respectively, and the average difference is not more than 0.01. Therefore, in the stage of cost control, the superimposed cost caused by other factors should be considered, which is also consistent with the research of Ilqbla [22]. One proposed suggestion is to count the price fluctuation of suppliers’ products in recent years to avoid economic disputes during cooperation.



In the studied case of this paper, the weight of the relationship between enterprises and suppliers is relatively high. In the second level indicators of long-term cooperation system, the weight value of supplier enterprise management factor reaches 0.064, which is twice the weight value of enterprise financial level factor. When evaluating the long-term cooperation of suppliers, the management level of enterprises should be considered. A good enterprise organizational structure can ensure that suppliers can develop better even in the face of financial crisis [54].



Supplier’s customer service can play an important role, but it is often ignored. Most companies only consider the cost and quality of products when choosing suppliers. Once there are various levels of risks, without the follow-up technical support from suppliers [16], the construction is likely to be delayed. This study analyzes the after-sales service of suppliers and introduces relevant factors into the index system to reduce the possibility of conflict between construction enterprises and suppliers in terms of legal and economic risks. The weight values of secondary indicators in the after-sales service system are evenly distributed, and the average difference is not more than 0.01. The results show that, when the supplier has advantages in any aspect of the after-sales service system, the service quality of the other aspects will also be higher. In the investigation of after-sales service system of suppliers, a unified decision can be made (Russell, a, F, 2003) [33].



In addition, according to the mediating effect found in this paper, transportation risk can also significantly induce project economic risk. According to the path coefficient of the SEM model, it can be found that the path coefficient of traffic violation rate and delivery reliability is 0.15, showing a positive correlation trend. When it comes to legal issues, transportation problems will not only lead to construction delay, but also face high government fines (Liao, Shu Hsien, 2021) [55]. In addition, that delay depends on the efficiency of the local government. Therefore, when selecting a supplier, in terms of transportation, it is necessary to verify the violation rate of drivers in recent years. If there is transportation risk, the supplier should be able to quickly deliver another batch of goods. In the process of supplier selection, we should strengthen the review of supplier’s route planning and product flexible scheduling ability, so as to minimize the risk of construction delay.




5. Conclusions


5.1. Theoretical and Practical Contributions


Compared with the traditional building mode, the fabricated building mode has the advantages of less pollution, faster construction speed, saving labor work and being economical, and is consistent with China’s sustainable development strategy. The findings of this study have theoretical and practical contributions to academic research and engineering practice.



Theoretically speaking, this study introduces the concept of the whole life cycle of prefabricated elements, that is, from the production stage to the operation stage, all aspects of the possible risks of prefabricated elements in the whole life cycle are considered. As the main theoretical contribution, this study first identified five potential variables and 23 observed variables, which have a significant impact on the selection of component suppliers. Secondly, a comprehensive evaluation factor system suitable for Chinese construction enterprises to choose prefabricated building element suppliers is established, and the SEM model of prefabricated element supplier selection is constructed. Thirdly, through the analysis of the MI value and PC value, the SEM model of supplier selection is modified, and the capability of suppliers in all aspects is evaluated with IFAHP method. The evaluation rules are taken from the supplier evaluation index system of this study, which provides the optimal options and suggestions for the Shuangyashan prefabricated construction project to select the appropriate element suppliers. The research results also provide guidance for the selection of suppliers for similar projects in the future.



From the practical point of view, according to the calculation results of SEM and IFAHP, the research provides important practical significance. First, there are potential links between the factors in the index system, especially the quality system and the transportation system. For example, it is suggested that construction enterprises should not only pay attention to the qualified rate when investigating the quality of suppliers’ products, but also the return rate, so as to prevent some enterprises from using special methods to improve the qualified rate of their products. Second, problems in the transportation system can also affect the supplier’s economic system. When reviewing the supplier’s information, we should pay attention to the intermediary effect between factors and pay attention to the supplier’s financial report.



Finally, this study avoids the problem in which the overall decision-making results are easily affected by individuals and considers the economic problems of subsequent projects of the same enterprise, which will greatly save on the future economic and labor costs.




5.2. Limitations and Further Suggestions


Although the purpose of this study has been achieved, there are still some limitations.



(1) In the questionnaire survey, although the respondents are widely distributed, most of them are in Wuhan area, and their evaluations of enterprises in other areas may be too subjective.



(2) The Chinese government has incentives for prefabricated construction projects, making some results unsuitable for other countries.



Although there are the problems above, the combination method between SEM and IFAHP is proved to be scientific and reasonable through the case study, so the research in this paper is still valuable.



In order to make this research more practical and sustainable, it is necessary to classify policies and regulations in different regions so as to make the evaluation system more comprehensive and make the application of SEM-IFAHP wider.
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Figure 1. Flow chart of the method for selecting suppliers of prefabricated building components. 
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Figure 2. Supplier selection index diagram. 
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Figure 3. The age, degree, job title, and location of the surveyed persons. 
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Figure 4. The relationship between structural model and measurement model. 
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Figure 5. Latent variable mediating effect model. 
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Figure 6. Prefabricated building component suppliers choose a high-order mediation effect model. 






Figure 6. Prefabricated building component suppliers choose a high-order mediation effect model.



[image: Sustainability 13 06080 g006]







[image: Table] 





Table 1. Evaluation index system for supplier selection of prefabricated building components.
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Latent Variable

	
Variable Symbol

	
Observed Variable

	
Variable Symbol

	
Label

	
Point Range






	
Economic System

	
ES

	
Shipping fee

	
ES1

	
e1

	
One point to five point




	
Component cost

	
ES2

	
e2




	
Price fluctuations

	
ES3

	
e3




	
Storage loss

	
ES4

	
e4




	
Quality System

	
QS

	
Component qualification rate

	
QS1

	
e5




	
Component return rate

	
QS2

	
e6




	
Manufacturing standardization

	
QS3

	
e7




	
Quality Management

	
QS4

	
e8




	
Quality problem rate of construction process

	
QS5

	
e9




	
Transportation System

	
TS

	
Traffic violation rate

	
TS1

	
e10




	
Flexible supply scheduling

	
TS2

	
e11




	
Transport standardization

	
TS3

	
e12




	
On-time delivery rate

	
TS4

	
e13




	
Long-term Cooperation

	
LP

	
Enterprise financial level

	
LP1

	
e14




	
Process innovation

	
LP2

	
e15




	
Corporate management capabilities

	
LP3

	
e16




	
Ease of Enterprise Innovation

	
LP4

	
e17




	
Enterprise production qualification

	
LP5

	
e18




	
Production equipment standards

	
LP6

	
e19




	
After-sales System

	
AS

	
After-sales ability

	
AS1

	
e20




	
Technical Support

	
AS2

	
e21




	
Problem-solving efficiency

	
AS3

	
e22




	
After-sales tracking

	
AS4

	
e23
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Table 2. The relationship between the evaluation results and the intuitionistic fuzzy number.
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	Evaluation Result
	Intuitionistic Fuzzy Number
	Evaluation Result
	Intuitionistic Fuzzy Number





	Extremely important
	(0.90, 0.10)
	Less important
	(0.40, 0.45)



	Very important
	(0.80, 0.15)
	Unimportant
	(0.30, 0.60)



	Important
	(0.70, 0.20)
	Very unimportant
	(0.20, 0.75)



	More important
	(0.60, 0.25)
	Extremely unimportant
	(0.10, 0.90)



	Equally important
	(0.50, 0.30)
	-
	-
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Table 3. Validation test of survey data.
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Variable

	
Standardized Values

	
CR

	
AVE






	
ES1

	
0.727

	
0.8611

	
0.6085




	
ES2

	
0.83




	
ES3

	
0.807




	
ES4

	
0.752




	
QS1

	
0.821

	
0.8863

	
0.6109




	
QS2

	
0.828




	
QS3

	
0.816




	
QS4

	
0.773




	
QS5

	
0.657




	
TS1

	
0.64

	
0.802

	
0.5052




	
TS2

	
0.647




	
TS3

	
0.79




	
TS4

	
0.754




	
LP1

	
0.872

	
0.9188

	
0.6555




	
LP2

	
0.873




	
LP3

	
0.854




	
LP4

	
0.773




	
LP5

	
0.66




	
LP6

	
0.805




	
AS1

	
0.806

	
0.9016

	
0.6963




	
AS2

	
0.837




	
AS3

	
0.852




	
AS4

	
0.843
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Table 4. Reliability statistics and KMO and Bartlett test.






Table 4. Reliability statistics and KMO and Bartlett test.





	
Kronbach Alpha

	
Kronbach Alpha Based on Standardized Terms

	
Number of Items






	
0.838

	
0.838

	
23




	
KMO sampling appropria teness number

	
0.857




	
Bartlett sphericity test

	
Approximate chi-square

	
3302.216




	

	
Degree of freedom

	
253




	

	
Significance

	
0
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Table 5. Fitting index matching checklist.






Table 5. Fitting index matching checklist.





	Fitting Index
	Acceptable Range
	Test Result
	Suitability





	CMIN/DF
	<3.0
	1.473
	yes



	RMR
	<0.05
	0.048
	yes



	RMSEA
	<0.05
	0.042
	yes



	GFI
	>0.90
	0.907
	yes



	AGFI
	>0.90
	0.901
	yes



	IFI
	>0.90
	0.968
	yes



	TLI
	>0.90
	0.962
	yes



	CFI
	>0.90
	0.968
	yes
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Table 6. Evaluation of the normality of the observed variables in the modified model.






Table 6. Evaluation of the normality of the observed variables in the modified model.














	Variable
	Min
	Max
	Skew
	c.r.
	Kurtosis
	c.r.





	AS4
	3.000
	5.000
	0.313
	2.094
	−0.615
	−2.054



	AS3
	1.000
	5.000
	0.339
	2.268
	−0.363
	−1.215



	AS2
	2.000
	5.000
	0.227
	1.514
	−0.665
	−2.221



	AS1
	1.000
	5.000
	0.223
	1.491
	−0.504
	−1.684



	LP6
	1.000
	5.000
	0.371
	2.478
	−0.470
	−1.572



	LP5
	2.000
	5.000
	0.441
	2.944
	−0.779
	−2.603



	LP4
	1.000
	5.000
	0.291
	1.947
	−0.555
	−1.855



	LP3
	1.000
	5.000
	0.397
	2.650
	−0.662
	−2.212



	LP2
	3.000
	5.000
	0.799
	5.340
	0.009
	0.031



	LP1
	3.000
	5.000
	0.685
	4.577
	−0.672
	−2.247



	TS4
	1.000
	5.000
	−0.052
	−0.349
	−0.900
	−2.998



	TS3
	1.000
	5.000
	0.106
	0.706
	−0.482
	−1.610



	TS2
	1.000
	5.000
	0.436
	2.916
	−0.441
	−1.473



	TS1
	2.000
	5.000
	0.293
	1.962
	−0.368
	−1.230



	QS5
	2.000
	5.000
	0.441
	2.944
	−0.779
	−2.603



	QS4
	1.000
	5.000
	0.291
	1.947
	−0.555
	−1.855



	QS3
	2.000
	5.000
	0.397
	2.650
	−0.662
	−2.212



	QS2
	3.000
	5.000
	0.799
	5.340
	0.009
	0.031



	QS1
	2.000
	5.000
	0.685
	4.577
	−0.672
	−2.247



	ES4
	1.000
	5.000
	0.040
	0.266
	−0.721
	−2.410



	ES3
	1.000
	5.000
	0.448
	2.996
	−0.707
	−2.362



	ES2
	1.000
	5.000
	0.411
	2.746
	−0.321
	−1.073



	ES1
	1.000
	5.000
	0.386
	2.578
	−0.341
	−1.138



	Multivariate
	
	
	
	
	10.650
	2.571
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Table 7. Correction model path and significance test results.






Table 7. Correction model path and significance test results.













	Routing
	Estimate
	S.E.
	C.R.
	P
	Estimate (Standardized)





	ES1<---Economic system
	1
	
	
	
	0.695



	ES2<---Economic system
	1.146
	0.112
	10.213
	***
	0.771



	ES3<---Economic system
	1.162
	0.127
	9.128
	***
	0.729



	ES4<---Economic system
	0.972
	0.113
	8.634
	***
	0.655



	QS1<---Quality system
	1
	
	
	
	0.882



	QS2<---Quality system
	0.886
	0.046
	19.37
	***
	0.879



	QS3<--- Quality system
	0.886
	0.052
	17.087
	***
	0.817



	QS4<---Quality system
	0.683
	0.052
	13.238
	***
	0.696



	QS5<---Quality system
	0.508
	0.052
	9.675
	***
	0.552



	TS1<--- Transportation System
	1
	
	
	
	0.892



	TS2<--- Transportation System
	0.806
	0.074
	10.936
	***
	0.725



	TS3<--- Transportation System
	0.587
	0.069
	8.469
	***
	0.571



	TS4<--- Transportation System
	0.67
	0.081
	8.229
	***
	0.552



	LP1<---Long-term Cooperation
	1
	
	
	
	0.870



	LP2<---Long-term Cooperation
	0.894
	0.048
	18.573
	***
	0.874



	LP3<---Long-term Cooperation
	0.916
	0.053
	17.203
	***
	0.833



	LP4<---Long-term Cooperation
	0.698
	0.053
	13.182
	***
	0.702



	LP5<---Long-term Cooperation
	0.522
	0.054
	9.697
	***
	0.558



	LP6<---Long-term Cooperation
	0.761
	0.057
	13.352
	***
	0.708



	AS1<---After-sales System
	1
	
	
	
	0.706



	AS2<---After-sales System
	1.456
	0.114
	12.731
	***
	0.853



	AS3<---After-sales System
	1.422
	0.11
	12.942
	***
	0.873



	AS4<---After-sales System
	1.328
	0.115
	11.54
	***
	0.763







Notes: *** Indicating the probability of getting a critical ratio as large as C.R. value in absolute value is less than 0.001.
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Table 8. Comparative results of the importance of the evaluation indicators.






Table 8. Comparative results of the importance of the evaluation indicators.





	Indicator
	A1
	A2
	A5
	A3
	A4





	A1
	(0.50, 0.30)
	(0.40, 0.45)
	(0.60, 0.25)
	(0.90, 0.10)
	(0.70, 0.20)



	A2
	(0.60, 0.25)
	(0.50, 0.30)
	(0.60, 0.25)
	(0.90, 0.10)
	(0.70, 0.20)



	A3
	(0.10, 0.90)
	(0.10, 0.90)
	(0.20, 0.75)
	(0.50, 0.30)
	(0.30, 0.60)



	A4
	(0.40, 0.45)
	(0.40, 0.45)
	(0.50, 0.30)
	(0.80, 0.15)
	(0.60, 0.25)



	A5
	(0.30, 0.60)
	(0.30, 0.60)
	(0.40, 0.45)
	(0.70, 0.20)
	(0.50, 0.30)
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Table 9. The importance levels of the corrected evaluation indicators and weighting results.






Table 9. The importance levels of the corrected evaluation indicators and weighting results.





	Indicator
	A1
	A2
	A3
	A4
	A5





	A1
	(0.500, 0.300)
	(0.400, 0.450)
	(0.876, 0.079)
	(0.544, 0.230)
	(0.673, 0.158)



	A2
	(0.517, 0.329)
	(0.500, 0.300)
	(0.875, 0.073)
	(0.600, 0.250)
	(0.696, 0.137)



	A3
	(0.075, 0.874)
	(0.075, 0.874)
	(0.500, 0.300)
	(0.122, 0.767)
	(0.241, 0.658)



	A4
	(0.285, 0.478)
	(0.311, 0.535)
	(0.788, 0.104)
	(0.500, 0.300)
	(0.600, 0.250)



	A5
	(0.192, 0.628)
	(0.168, 0.652)
	(0.700, 0.200)
	(0.311, 0.535)
	(0.500, 0.300)



	ωj
	(0.145, 0.761)
	(0.151, 0.752)
	(0.048, 0.902)
	(0.117, 0.787)
	(0.088, 0.827)



	H(ωj)
	0.211
	0.227
	0.191
	0.188
	0.193



	σj
	0.245
	0.253
	0.104
	0.218
	0.179



	Rank
	2
	1
	5
	3
	4
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Table 10. Total weight of each level.






Table 10. Total weight of each level.





	
Index Layer

	
Index Weight

	
Secondary Indicator Layer

	
Secondary Index Weight

	
Total Weight






	
A1

	
0.245

	
A11

	
0.325

	
0.068




	
A12

	
0.300

	
0.063




	
A13

	
0.375

	
0.079




	
A14

	
0.297

	
0.063




	
A2

	
0.253

	
A21

	
0.254

	
0.056




	
A22

	
0.221

	
0.049




	
A23

	
0.259

	
0.057




	
A24

	
0.267

	
0.059




	
A25

	
0.218

	
0.048




	
A3

	
0.104

	
A31

	
0.342

	
0.064




	
A32

	
0.359

	
0.067




	
A33

	
0.300

	
0.056




	
A34

	
0.283

	
0.062




	
A4

	
0.218

	
A41

	
0.160

	
0.031




	
A42

	
0.165

	
0.032




	
A43

	
0.165

	
0.032




	
A44

	
0.333

	
0.064




	
A45

	
0.180

	
0.035




	
A46

	
0.164

	
0.032




	
A5

	
0.179

	
A51

	
0.300

	
0.056




	
A52

	
0.375

	
0.071




	
A53

	
0.269

	
0.059




	
A54

	
0.325

	
0.062
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Table 11. Score of each secondary indicator.






Table 11. Score of each secondary indicator.





	Index Name
	S1
	S2
	S3
	S4





	A11
	0.233
	0.244
	0.25
	0.263



	A12
	0.25
	0.242
	0.238
	0.271



	A13
	0.254
	0.24
	0.238
	0.263



	A14
	0.231
	0.237
	0.242
	0.203



	A21
	0.238
	0.254
	0.25
	0.258



	A22
	0.254
	0.254
	0.238
	0.254



	A23
	0.238
	0.25
	0.242
	0.271



	A24
	0.242
	0.267
	0.25
	0.242



	A25
	0.257
	0.239
	0.242
	0.217



	A31
	0.263
	0.246
	0.242
	0.25



	A32
	0.25
	0.246
	0.238
	0.267



	A33
	0.238
	0.258
	0.25
	0.254



	A34
	0.261
	0.231
	0.272
	0.192



	A41
	0.25
	0.242
	0.246
	0.263



	A42
	0.254
	0.238
	0.246
	0.258



	A43
	0.246
	0.246
	0.246
	0.263



	A44
	0.254
	0.238
	0.263
	0.246



	A45
	0.238
	0.263
	0.242
	0.254



	A46
	0.216
	0.137
	0.284
	0.216



	A51
	0.254
	0.246
	0.255
	0.246



	A52
	0.254
	0.242
	0.246
	0.259



	A53
	0.247
	0.239
	0.255
	0.211



	A54
	0.233
	0.233
	0.267
	0.267
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