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Abstract: Due to the industrialization of the construction sector, enterprises that manufacture prefab-
ricated components are developing rapidly. Because the production capacity of each enterprise varies
immensely, the upstream enterprises are unable to match the component manufacturing enterprises
that are suitable for the supply target. With respect to the product capacity, scientific and accurate
evaluations are crucial. The authors preliminarily determined factors that impact the production
capacity of components and considered a literature review and the inspection results of component
manufacturing enterprises. By performing a thorough investigation and analysis, they constructed
the index system for evaluating the production capacity of enterprises that manufacture prefabricated
components, and each index was interpreted. To determine the weight of the evaluation index, an
analytic hierarchy process was utilized; furthermore, the characteristics of each grade were described,
and a fuzzy comprehensive evaluation model was built. Moreover, to empirically analyze the built
model, the authors selected a construction company and analyzed 127 questionnaires filled in by
employees at all the organizational levels related to PCT production and to 34 evaluation results
of experts from standard quota research institutions in various provinces. The results of the two
methods revealed the following: This enterprise level is the “Reinforcement level” (level 3). The
evaluation results are consistent with the empirical results of the model established herein, which
verifies its feasibility.

Keywords: fabricated buildings; prefabricated component; production capacity evaluation; fuzzy
comprehensive evaluation

1. Introduction

In recent years, sustainable development has become a global imperative [1]. More
than 130 countries and regions have recently proposed the “zero carbon” or “carbon neutral”
climate goal, and in September 2020, China officially proposed a goal aimed at achieving
carbon peak by 2030 and carbon neutrality by 2060 [2]. Due to the increasingly strained
resources that characterize the environmental scenario, the construction mode of construc-
tion projects and the development mode of the construction industry are accelerating the
transformation of the sector [3]. Prefabricated construction (PC), which is a crucial method
for achieving green development, has become prevalent worldwide [4], and the prefabri-
cated component (PCT) is the main PC component [5]. Its development directly determines
the development of prefabricated buildings and subsequently affects the achievement of
sustainable development goals. Based on the investigation that considers the development
of prefabricated components (PCs) in China, which was conducted by the Department
of Standard Quota of Ministry of Housing and Urban—Rural Development, PRC, in 2021
(No. 33 of the Letter of Construction Bureau of the Individuals” Republic of China (2021)),
by the end of 2020, there were approximately 1170 prefabricated component manufacturing
enterprises (PCMEs) in China, and with respect to different PCMEs, the price of PCTs varies
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considerably [6]. Undoubtedly, the difference in production capacity (PCP) is one of the
factors that leads to the price variation [7]. Simultaneously, due to the immense difference
in the PCP of each PCME, upstream enterprises cannot match the PCME that is suitable for
the supply target [8]. Therefore, PC has encountered resistance in the national promotion
process, which has affected the transformation of China’s construction industry and is
ultimately not conducive to the achievement of sustainable development goals. Therefore,
researchers should scientifically and accurately evaluate the PCP of each PCME.

The existing studies on the production stage of PCTs mainly focus on factors such
as production scheduling optimization, production informatization, and production cost.
Some scholars have analyzed the production scheduling model and considered all the
parties that comprise the supply chain; furthermore, they have utilized the following
calculation methods: the multi-objective hybrid symbiotic search algorithm [9], the multi-
objective genetic algorithm model [10], the productivity utilization variance minimization
model [11], the ant colony optimization algorithm hybrid optimization model that con-
siders continuity and discretization [12], the dynamic decision support framework that
is based on a genetic algorithm and a multi-agent system [13], and the MO-CGJaya/D
algorithm [14]. Moreover, some scholars have focused on the informatization of the pro-
duction stage. To enhance the manufacturing technology, the PCT construction process is
analyzed and optimized, and the optimization entails combining lean construction and re-
lated theories with technologies such as building information modeling technology (BIM),
a genetic algorithm, and Revit secondary development [15]; thus, the lean production
and installation of PCTs is achieved. To monitor and manage the prefabrication process
and enhance the automation of production equipment [16], we utilized the BIM-based
PCT production stage energy consumption analysis method [17,18] and the RFID-BIM
method [19]; furthermore, with respect to the production line, the aforementioned methods
facilitated effective information management [20,21]. Regarding cost, some scholars have
theoretically analyzed the PC project cost composition [22] and have considered the design,
production, transportation, and installation costs [23]. This study accounts for the cost
difference between prefabricated buildings (i.e., PC-based buildings) and traditional cast-in
situ buildings [24]. To establish production cost analysis models, the study evaluates the
factors that influence the PC cost [25], performs hierarchical division, and analyzes the
key factors that control the PC cost [26], and the following methods are utilized: a hybrid
genetic algorithm [27], an enhanced neural network algorithm [23], game theory-cloud
theory [28], system dynamics [29], and time-driven activity-based costing [30]. Thus, the
study offers targeted PCT cost-control countermeasures and proposals. Moreover, scholars
have conducted research on the price-forecasting mode [31].

The research on PCP evaluation mainly considers the establishment of an evaluation
index system and an evaluation method and usually focuses on the PCP evaluation that af-
fects other industries or other aspects of the construction industry. The existing research on
the establishment of an evaluation index system introduces numerous methods: literature
surveys [32], field investigations, expert consultation [33], the anti-interpretive structural
model method [34], and a word frequency analysis that is based on CiteSpace visualization
software (5.7.R4, 2019) [35]. Thus, the research preliminarily determines factors such as
the indicators, factor analysis, cluster analysis [36], principal component analysis [37], and
system dynamics [38]. Furthermore, to analyze the mutual influence and logical relation-
ship between the factors, determine the key factors, and establish an evaluation index
system, the system introduces other influencing factors. The evaluation models pertaining
to enterprises and industries have been continually analyzed. The analytic hierarchy pro-
cess (AHP) emerged in the early 1970s [39], and in 1981, the good-bad solution example,
ideal solution, and ideal point methods were proposed [40]. To determine index weights,
some scholars proposed the structural equation modelling structural equation [41]; to
enhance the objectivity and comprehensiveness of evaluation [42], some scholars selected
the entropy method; and to solve the problem pertaining to repeated weighting, others
selected the principal component analysis method [43]. Evaluation models include the
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fuzzy comprehensive evaluation method [41], the grey correlation analysis method [44],
neural networks [45], topological networks [46], the data enveloping analysis method, the
entropy method, and the extended multi-criteria compromise solution sorting method [47].
Furthermore, some scholars combine the existing qualitative and quantitative evaluation
methods, such as the TOPSIS method [48], the AHP, and the interval hook intuitionistic
fuzzy set; thus, an optimized qualitative and quantitative hybrid evaluation model is
proposed. Moreover, some scholars propose a comprehensive evaluation method that is
based on nonlinear optimization [49].

In summary, although there have been an increasing number of local and international
studies that analyze PCTs, with respect to PCMEs, the contemporary studies remain lim-
ited. By analyzing the PCT production stage and that of the evaluation-related literature,
we observed that most of the previous studies that consider the PCT production stage
focus on the whole supply chain, and there are quite a few researchers who focus on only
PCMEs. Moreover, the research is limited to the calculation of the scheduling capability,
and a limited number of studies that focus on the PCP exist. Currently, research on the
informatization that characterizes the production stage basically considers the enhance-
ment of manufacturing technologies, and with respect to the utilization of information
technology as a method for enhancing PCP, more in-depth research is required. The existing
research on the production cost trend basically considers the cost research pertaining to the
whole lifecycle, and there is no specific research that considers the production-stage cost;
furthermore, because the research analyzes only part of the factors that affect the cost, it is
incomprehensive. Although the establishment of an evaluation index system and that of
an evaluation model has yielded immense research achievements that have affected the
local and international industry, with respect to other industries or other aspects of the
construction industry, the existing models are basically PCP evaluation methods. It can
be observed that the research pertaining to how the PCP of PCMEs can be evaluated is
potentially beneficial.

It is apparent that the existing production stage research provides a reference for the
selection of PCP factors that influence PCMEs. The existing evaluation-related research
provides theoretical support for the utilized evaluation model; however, the following
questions should be answered: What are all the factors that affect PCP? How does each
factor affect the PCP? How can the PCP be comprehensively evaluated? How can we
determine the current PCME rank?

To answer these questions, we consider the current PC development state and the
overall requirement pertaining to the scientific and accurate evaluation of the PCMEs;
herein, we analyze each link that should be considered in the evaluation of the PCMEs. To
identify the factors that affect the PCP, we performed a literature review and combined the
published results with the interview results pertaining to the PCME. To classify the PCME
and establish a set of PCP methods for evaluating the enterprises, the PCP evaluation
index, which entailed the investigation and analysis of the factors that affect the PCP, was
developed, and the PCP evaluation model was built. The model guides the evaluation
of the PCME, and by facilitating continuous improvement and optimization, it enables
the enterprise to understand its own development stage in a timely manner, accurately
detect production bottlenecks, and enhance its production efficiency and competitiveness.
The PCP analysis that this evaluation method utilizes can provide a certain reference for
PCMEs; thus, they can develop production plans. Furthermore, because the study enables
upstream enterprises to select suitable suppliers, it can positively enhance the performance
of the enterprises. Finally, this study can enable enterprises to comprehend the level of PC
development in a timely manner, activate the PCT market, guide the industry’s scientific
development, and facilitate the PC development.

2. Methods

This study utilizes a variety of research methods. Figure 1 depicts the specific process
pertaining to the evaluation of the PCP, and it focuses on PCME.
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Figure 1. Research flowchart.

2.1. Preliminary Determination of Indicators

We review academic literature, corporate reports, industry guidelines, and government
documents from 2020 to 2023 to gather records of factors that may impact the PCP and
preliminarily eliminate and merge words with the same meaning. Combined with the
PCME interview results and the participation of production personnel and management
personnel, the validity of the remaining factors was checked; finally, 33 factors that impact
the PCP were selected [50-77].

The sources from which the influencing factors were derived include the following:

(1) Academic literature: monographs, journals, research papers, and dissertations. To
systematically search the relevant database, some keywords such as “prefabricated
building”, “prefabricated component”, “production capacity”, and “index system”
are utilized.

(2) Enterprise and industry reports: PC-related research reports that are issued by en-
terprises or organizations, such as the China Prefabricated Building Development
Report.

(3) Industry guidelines: relevant technical guidelines and manuals that are issued by
organizations such as the China Real Estate Research Society, the China Civil Engi-
neering Society, the Housing Industry Development and Technology Committee, the
Engineering Management Association, and the Building Industrialization Association.
One such document is the “Prefabricated Construction Technical Manual (Concrete
Structure Volume Production Part)”.

(4) Government documents and standards: relevant statistical data, conference reports,
technical standards, norms, and procedures that are issued by provincial housing
and urban-rural development departments and provincial construction project cost
management stations. One such document is the “Production of precast concrete
components of prefabricated buildings standardized Management Regulations”.

2.2. Index Optimization Screening

The questionnaire method is more detailed, complete, and easy to control than the in-
terview method. It can obtain more samples in a shorter time and exhibits higher efficiency.
Additionally, because the questionnaire survey has a wider scope, researchers can select
many samples. Moreover, the main advantage of the questionnaire method is standardiza-
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tion; its results are easily quantifiable. Finally, its cost is also quite low. Therefore, this study
adopts the questionnaire method to investigate the importance of each influencing factor.
Based on soliciting the opinions of experts, the preliminary design and optimization of the
questionnaire are performed. The pilot test was performed in Jiangsu Province, China, and
the reliability test was passed; thus, the final draft, which is illustrated in Appendix A, was
formed. After feeding the final draft into the standardized survey system of the Ministry of
Housing and Urban—Rural Development of China, we sent a questionnaire (i.e., system-
derived outcome document that was provided by the standardization team of the Ministry
of Housing) to PCMEs, government-related institutions, universities, and other research
institutions across the country. Experts, scholars, managers, technicians, workers, and
other relevant personnel were invited to fill in the questionnaire. The statistics indicate that
1492 valid questionnaires were recovered, and the collected questionnaires were processed
as follows:

First, the number of individuals corresponding to each level of importance in each in-
dicator is counted; subsequently, the importance is quantified. Consequently, the following
values should be assigned as per expert advice: most = 100, more = 80, general = 60, and
minimum = 40.

Second, to screen the influencing factors, the importance index is introduced.

Importance index = ()_number of individuals selected x importance value) =+ total
number of samples.

Finally, the importance index pertaining to each influence factor is calculated, and it is
screened based on expert opinions.

2.3. Index Optimization Screening

Herein, a questionnaire survey and an expert interview were utilized to screen in-
dicators and to establish an evaluation index system. The index system is divided into
the following three levels: (1) the target level, which represents the index system that is
adopted to achieve the final evaluation purpose; (2) the category level (i.e., the first-level
indicator), which represents the different classification of evaluation indicators; and (3) the
factor level (i.e., the second-level indicators), which represents the specific indicators in
each category.

2.4. Index Weight Determination

After analyzing various methods and combining their respective characteristics, this
study considerably enhances the AHP; thus, it determines the weight of the indicators. The
specific process is as follows [78]:

(1) Specify the basis for the assignment

By comparing their importance, this study assigns values to two elements (Table 1).

Table 1. Assignment basis.

Evaluation Score Value Basis of Scoring
0 Does not matter
1 Of equal importance
9 Very/Quite important

In the middle of the above importance degrees,

2:3,4,5.6,7,8 the importance degree increases in turn

(2) Design score table

Table 2 indicates the scoring table of the first-level indicators, and because the scoring
table of the second-level indicators is similar to that of the first-level indicators, it is
not depicted:
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Table 2. Scoring table.
B Pl PZ P3 P4 P5 Pﬁ P7 Integral
P; 1 X VA
P, 1 Zy
P3 1 Z3
Py 1 Zy
Ps 1 Zs
Pg 1 Zg
Py 1 Zy

Key:
(1) X denotes the score pertaining to the importance of P1 compared with that of P2;
(2) Z4 denotes the sum of the scores that are listed in Row P1;

(3) The scenario in which P1 is more important than P2, P2 is more important than P3,
and P3 is more important than P1 should be avoided.

(8) Score by experts

To determine the weight of indicators and ensure the diversity of views, this study
adopts various methods such as investigation, literature statistics, and recommendation
investigation. From different departments such as enterprises, universities, and govern-
ments, the researchers selected professional and technical personnel and management
personnel who have been working in PCMEs for more than 8 years as well as scholars who
have possess the most academic achievements regarding PCP and PCT from 2016 to 2023.
Meanwhile, personnel who have presided over PC and PCT topics several times in the past
five years are also selected from the Ministry of Housing and Urban-Rural Development,
China. This study invited 6 experts related to this research field (Table 3), and 5 experts
finally responded.

Table 3. Expert composition table.

Category Number

Enterprise senior management personnel 1
Professor of assembly research at university
Professional and technical personnel
Standard quota by industry experts

N =N

(4) Calculation and processing

The calculation process is as follows:
(1) Constructing the judgment matrix

The integral of the index is obtained by processing the questionnaire data that were
obtained from the experts, and to construct Judgment Matrix B, the pairwise ratio is
processed as follows:

Pi1 P12 " Pis
B, — P:21 P:zz P:25 (1)
Ps1 Ps1 " Pss

where Pj; denotes the relative importance of p;, which is measured against p;. For example,
p12 denotes the relative importance of p1, which is measured against py, p12 = Z1/Z>.

(2) Calculate M; according to Matrix B:

n

Mlanll(l,]:1,2,n) (2)
=1
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where 1 denotes the order of Matrix B.

(3) Calculate the 1 roots of M;, is Wj:

(4) Computational feature vector: W = [Wy, Wy, - -, Wn]T:

W; denotes the weight of index i.
(6) Calculate the eigenvalues of Matrix B:

(5)

Amax =

(BW);
Wi

n
i=1

S

(6) Consistency test
To avoid contradictions pertaining to the importance of each factor, a consistency test,
which considered the results, was conducted, and the following formula was utilized:

Amax — Il

Cl= (6)

n—1

where n denotes the order of Matrix B.
When CI approximates 0, the results become consistent. To facilitate the analysis, RI is
introduced. The size of Rl is depicted in Table 4.

Table 4. RI values.

n 1 2 3 4 5 6 7 8 9
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45

To test whether the judgment matrix can be accepted, CR is utilized, and the following

formula is applied:

CI
R=— 7
R=x @

As per the regulations [79] pertaining to the AHP, CR > 0.1, and B is not consistent.
(7) Calculate the average weight of the indicators

Based on the preceding steps, the index weights corresponding to the scoring results
of the five experts are calculated, and the average value is the final weight value of each
index.

2.5. Comprehensive Evaluation Method

Based on the PCP characteristics pertaining to PCMEs [80], this study constructs a
four-level PCP model, which is depicted in Figure 2.

The PCP of PCMEs generally follows four phases, namely (1) the initial level,
(2) the basic level, (3) the reinforcement level, and (4) the maturity level, and the description
pertaining to each stage is depicted in Table 5.
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Figure 2. Production capacity level model of component manufacturing enterprises.
Table 5. Production—-enterprise component-production capacity by grade.
Level Instructions

The production is chaotic, the accuracy of the components produced meet only the
minimum standard, and the production skills are rough.
The production is orderly, and the qualified rate pertaining to the precision of the
Basic level components produced not only meets the minimum requirements, but the
production skills also belong to the average level of the whole PCME.
The production is orderly, the precision of the components produced is at a higher
Reinforcement level level, and the production skills are relatively mature. The component production
units belonging to this stage attach importance to the improvement of technology.
In the superior production state, the precision qualified rate of the components
Maturity level produced is the highest standard in the industry, forming quite a perfect PCP
upgrading structure.

Initial level

By summarizing previous studies, this study summarizes some commonly utilized
evaluation methods and performs a simple analysis, as illustrated in Table 6.

Table 6. Comparison of evaluation methods.

Method Advantage Disadvantage
Structured to solve complex problems, Numerous judgment matrices are
Analytic hierarchy process and able to consider qualitative and required, and the consistency of
quantitative factors judgment is necessary
. . Suitable for a fuzzy and uncertain It may be more difficult address some
Fuzzy comprehensive evaluation method . . . S
decision-making environment. problems that require higher accuracy
Ability to process multiple input and

It is sensitive to outliers, and the

Data envelopment analysis output variables without calculation is relatively complex.

prior information
Suitable for solving problems with
BP neural network method complex internal mechanism (i.e.,
miscellaneous problems)
Low data requirements, simple operation,
and reliable results

The required sample size is large, and the
evaluation accuracy is not high

Grey relational degree method Strong subjectivity

The PCP of PCME is affected by many factors; some of the selected evaluation indica-
tors are quantitative, and some are qualitative. Moreover, there is a correlation between
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these indicators. To evaluate these qualitative indicators fully and accurately, they should
be converted into quantitative values for mathematical analysis and comparison. The fuzzy
comprehensive evaluation method, which can effectively transform qualitative evaluation
into a quantitative value is characterized by clear and systematic results, can more opti-
mally solve fuzzy and difficult to quantify problems and is suitable for solving various
non-deterministic problems [81-87]. The collaborative AHP and fuzzy comprehensive
evaluation can enrich their advantages.

Therefore, to overcome the subjectivity of indicators, obtain the final evaluation results,
obtain the optimal decision, and ensure the integrity, accuracy, and scientificity of PCME-
related PCP evaluation, the fuzzy comprehensive evaluation method is utilized to evaluate
the PCP of PCME in the end, and the process is as follows [88].

(1) The construction of factor set U and evaluation set V
Evaluation objective: PCP Grade B of the PCME

1) Establish factor set U

First-level indicators:
B= {PllPZ/P3/P4/P5/P6/P7}

Secondary indicators:

Py ={Q1,Q2,Q3,Q4,Q5}
Pa =1{Q6,Q7,Q8,Q9,Q10,Q11}
P3 = {Q12,Q13,Q14,Q15,Q16}

Py =1{Q17,Q15,Q19}
Ps5 = {Q20,Q21}
Pg = {Q22,Q23,Q24,Q05}

P7 ={Q26,Q27,Q28,Q29}
2) Establish evaluation set V

V = {Vy,Vy,V3,Vs} = {Initial level, Basic level, Reinforcem ent level, Maturity level }

(2) Construct the fuzzy evaluation matrix

The fuzzy evaluation matrix is represented by the following expression:

Vii Vo -0V
Vo Vo oo Vy;

R=| . . 8)
Vit Vip - Vj

where V;; denotes Index i, the percentage of individuals who stated that the PCP grade of
the PCME is Grade j. Therefore, the following formula is obtained: LV = 1(j=1,2,3,4).

(3) Fuzzy comprehensive evaluation
The evaluation vector corresponding to each first-level index is expressed as follows:

B=WxR (9)

By = Wy Ry = (b1, b12,b13,b14)B1 = Wy * Ry = (b11, b1z, b1, b1s). Using the same
calculation, we obtain the formulas for B,—Bj7.
The evaluation matrix of first-level indicators is expressed as follows:

B = (By,By, - By)" (10)
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Subsequently, the PCP final evaluation vector of the PCME should be expressed

as follows:

C=Mx*B=(c1,cp,- 4)

(11)

Finally, the PCP level is the level that is represented by cy, and the expression pertain-

ing to cy is expressed as follows:

cx = Max(cq, ¢, - ¢4)

3. Research Results
3.1. Index Screening Analysis

(12)

After statistically analyzing the 1492 collected questionnaires, the results are depicted

in Table 7.

Table 7. Statistical results pertaining to the importance of the factors influencing the production

capacity of components related to production enterprises.

Number

Factor of Influence

Degree of Importance

Most More General Minimum
1 Perfection of the internal incentive mechanism 982 216 205 89
2 Management system (e.g., inspection and measurement) soundness 716 462 197 117
3 Reasonable degree of decomposition of the production organization 903 321 200 68
4 Level of coordination and communication between departments 781 298 318 95
5 Operator training and education level 703 549 177 63
6 The advanced level of production machinery 791 466 125 110
7 The number of production machines 681 424 273 114
8 Mechanical equipment utilization level 486 411 378 217
9 The complete degree of production machinery 791 416 152 133
10 Application of machinery to field conditions 893 399 104 96
11 Mechanical equipment deployment level 721 387 278 106
12 The degree of completeness of process procedures 786 391 203 112
13 Feasibility of production plan and technical measures 692 551 139 110
14 Whether the technology resgarch and development center are 663 416 311 102
established or not
15 Enterprise technical level accumulation degree 721 456 222 93
16 The level of leadership, organization, and control of management 815 401 185 91
personnel
17 Reasonable on-site personnel allocation 640 445 292 115
18 Employee’s understanding of component knowledge and the 482 458 377 175
production process
19 Employee awareness of component quality 627 535 211 119
20 Skill level of production personnel 679 512 210 91
21 Proficiency of production and operation personnel 480 492 257 263
22 Team cooperation level 621 467 280 124
23 The labor enthusiasm of production and operation personnel 815 401 185 91
24 Operating site environment comfort 640 445 292 115
25 Reasonable layout of functional areas 681 424 273 114
26 Production preparation is sufficient 627 535 211 119
27 Reasonableness of working face distribution 480 492 257 263
28 Power supply level 621 467 280 124
29 Product pass rate 679 512 210 91
30 Precision of product 815 401 185 91
31 Reasonable placement of materials 640 445 292 115
32 Procurement and supply level of materials and materials 681 424 273 114
33 Quality level of raw materials and collaboration materials 627 535 211 119

If “Perfection of internal incentive mechanism” is considered as an example, the
preceding table indicates the following: 982 individuals think that the importance of this
influencing factor is “most”, 216 think that it is “more”, 205 think that it is “general”, and
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89 think that it is “minimum”. After processing as per the steps outline in Section 2.2, its
importance index is expressed as follows:

Importance index = (3_number of individuals selected x importance value) - total
number of samples = (982 x 100 + 216 x 80 + 216 x 60 + 205 x 40)/1492 = 88.03

After all the data were processed, the quantization results are listed (Table 8).

Table 8. Importance index of the factors affecting the production capacity of manufacturing enterprises.

Number Factor of Influence Importance Index
1 Perfection of internal incentive mechanism 88.03
2 Management system (e.g., inspection and measurement) soundness 83.82
3 Reasonable degree of decomposition of production organization 87.60
4 Level of coordination and communication between departments 83.66
5 Operator training and education level 85.36
6 The advanced level of production machinery 85.98
7 The number of production machines 82.41
8 Mechanical equipment utilization level 75.63
9 The complete degree of production machinery 85.00
10 Application of machinery to field conditions 88.00
11 Mechanical equipment deployment level 83.10
12 The degree of completeness of process procedures 84.81
13 Feasibility of production plan and technical measures 84.46
14 Whether the technology research and development center are established or not 81.98
15 Enterprise technical level accumulation degree 84.20
16 The level of leadership, organization, and control of management personnel 86.01
17 Reasonable on-site personnel allocation 81.58
18 Employee’s understanding of component knowledge and production processes 76.72
19 Employee awareness of component quality 82.39
20 Skill level of production personnel 83.85
21 Proficiency of production and operation personnel 75.94
22 Team cooperation level 81.25
23 The labor enthusiasm of production and operation personnel 86.01
24 Operating site environment comfort 81.58
25 Reasonable layout of functional areas 82.41
26 Production preparation is sufficient 82.39
27 Reasonableness of working face distribution 75.94
28 Power supply level 81.25
29 Product pass rate 83.85
30 Precision of product 86.01
31 Reasonable placement of materials 81.58
32 Procurement and supply level of materials and materials 82.41
33 Quality level of raw materials and collaboration materials 82.39

With respect to the importance index of the PCP influencing factors, this study (in
compliance with expert advice) eliminated the importance index that represents scores that
are below 80 and finally screened out the main 29 influencing PCP factors.

3.2. Index System

In the preceding section, 33 impact factors were screened (as per expert opinions),
and 29 PCP indicators were obtained. Table 9 illustrates the specific composition of the
indicator system.
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Table 9. Evaluation index system of the component production capacity of manufacturing enterprises.

Target Layer First-Level Index Second-Level Index

Perfection of internal incentive mechanism (Q1)

Management system (e.g., inspection and measurement)
soundness (Q)

Enterprise organization
management level
(P1)

Reasonable degree of decomposition of production
organization (Qs3)

Level of coordination and communication between
departments (Q4)

Operator training and education level (Qs)

The level of leadership, organization, and control of
management personnel (Qg)

Reasonable on-site personnel allocation (Q7)

Employee awareness of component quality (Qg)

Level of personnel
P») Skill level of production personnel (Qy)

Team cooperation level (Q1p)

The labor enthusiasm of production and operation
personnel (Qq1)

The advanced level of production machinery (Q15)

component production capacity The number of production machines (Q13)

of manufacturing enterprises Mechanical ?quipment level The complete degree of production machinery (Q14)
P3)

Application of machinery to field conditions (Q15)

Mechanical equipment deployment level (Q14)

Reasonable placement of materials (Q17)

Procurement and supply level of materials and

Materials and supplies materials (Q1g)

Py)
(P Quality level of raw materials and collaboration
materials (Q19)
Product quality level Product pass rate (Q)
(Ps) Precision of product (Qy1)
The degree of completeness of process procedures (Q7)
Feasibility of production plan and technical measures (Q»3)
Level of techr(lli)ca)l competence Enterprise technical level accumulation degree (Qo4)
6

Whether the technology research and development center
are established or not (Q>5)

Operating site environment comfort (Qy¢)

Production environment Reasonable layout of functional areas (Q57)

(P7) Production preparation is sufficient (Qpg)

Power-supply level (Qy9)

3.3. Indicator Weight Value

With respect to the preceding steps, the final results are depicted in Table 10; the results
consider the scores pertaining to the five experts and are applied to the weights of the
seven first-level indicators, namely, organizational management level P1, personnel level
P2, machinery and equipment level P3, materials and materials level P4, product quality
level P5, technical capability level P6, and production environment P7.
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Table 10. Eigenvalues and eigenvectors of five experts’ judgment matrix for first-level indicators.

B w Amax
By 0.074 0.186 0.124 0.012 0.346 0.221 0.037 6.909
By 0.073 0.256 0.134 0.037 0.377 0.112 0.012 6.985
Bs 0.011 0.067 0.244 0.033 0.344 0.145 0.156 7.644
By 0.259 0.119 0.162 0.011 0.335 0.082 0.032 6.906
Bs 0.070 0.110 0.170 0.010 0.350 0.250 0.040 6.924

The calculation results indicate that the five weight evaluation matrices are consistent.
Therefore, the weights of the seven first-level indicators can be calculated as follows:

M = (0.097,0.148,0.167,0.021,0.35, 0.162, 0.055) T

To calculate the weights of other indicators, we followed the preceding steps. Table 11
depicts the weights of all the PCP indicators.

Table 11. Weight values of production—-enterprise component—production capacity evaluation indicators.

Second- Second- Second- Second-

First-Level = Value of Level Value of Level Value of Level Value of Level Value of
Index Weight Index Weight Index Weight Index Weight Index Weight
o)) 0.2 Q, 0.14 Qs 0.3 Q4 0.14
Py 0.097 0s 0.22
Qs 0.11 Q; 0.24 Qs 0.05 Q9 0.25
P .14
2 0.148 Qo 0.2 Qu 0.15
Q2 0.2 Q13 0.12 Quy 0.23 Q15 0.2
P3 0.167 Que 025
Py 0.021 Q17 0.41 Qs 0.29 Q9 0.3
Ps 0.35 O 0.5 On 0.5
Pg 0.162 Qx 0.18 Q3 0.23 Q 28 Qs 0.31
Py 0.055 Q% 0.13 Q27 0.39 Qo8 0.29 Q9 0.19

4. Empirical Analysis

To verify the rationality and feasibility of the constructed model, this study selects
Zhongnan Construction Group Co., Ltd. (Haimen, Jiangsu Province, China), and using the
fuzzy evaluation method and the steps that are introduced in Section 2.5, we evaluate the
enterprise’s PCP grade.

4.1. Enterprise Research

First, a questionnaire (Appendix B) was designed, and with respect to Zhongnan
Construction Group Co., Ltd., staff pertaining to all the organizational levels that were
associated with PCT production were invited to fill the questionnaire.

The following observation is noteworthy: in the process of distributing the ques-
tionnaire, we found that some employees had resistance to filling in the questionnaire.
Considering that this would affect the comprehensiveness of the questionnaire, the research
group invited relevant government leaders and senior executives to participate in the mobi-
lization meeting. The questionnaire was reissued after the meeting. To solve this problem,
we visited the workshop to redistribute the questionnaire. In this survey, we found that
the reasons for the low questionnaire recovery rate were as follows: low literacy level, no
understanding of the words, no understanding of the meaning of the indicator, and an
exceedingly busy work schedule. Therefore, we utilized in situ face-to-face interviews to
record their thoughts in the questionnaire.

4.2. Statistical Analysis

For this survey, 127 valid questionnaires were collected. After analysis, we still found
that part of the final questionnaire was not available. For example, all the indicators in some
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questionnaires were selected at the same level. After eliminating 23 invalid questionnaires,
the statistical processing of all valid results was completed, and Table 12 was obtained.

Table 12. Membership of secondary evaluation indicators.

Index f)f Initial Level Basic Level Reinforcement Maturity Level
Evaluation Level

o 0 0.2 0.5 0.3
Q) 0 0.5 04 0.1
Qs 0 0.3 0.5 0.2
Q4 0.1 0.4 0.4 0.1
Qs 0 0.3 0.4 0.3
Qs 0 0.4 0.5 0.1
Q; 0.1 0.2 0.6 0.1
Qs 0.6 0.3 0.1 0

Qo 0 0.2 0.4 04
o 0.1 04 0.3 0.2
Qi1 0.1 0.4 0.4 0.1
Q2 0.4 0.3 0.3 0

o 02 04 0.3 0.1
Qua 0.1 0.5 0.4 0

Qis 0.3 0.4 0.2 0.1
Q16 0.3 0.4 0.3 0

Q17 0.3 0.5 0.2 0

Q18 0 0.2 0.6 0.2
Q19 0 0.6 0.3 0.1
Qa0 0 0.2 0.5 0.3
Ox 0 0.3 0.5 0.2
On 0.1 0.2 0.6 0.1
Qa3 0 0.3 0.7 0

Qo 0.2 0.5 0.3 0

Qa5 0.1 0.4 0.4 0.1
Qa6 0 0.2 0.5 0.3
Oy 0.1 0.4 0.4 0.1
Qos 0 04 0.5 0.1
O 0 0 0.7 0.3

The significance of each value that is mentioned in the preceding table refers to the
proportion of all the participants who propose that Zhongnan Construction Group Co., Ltd.,
has attained this level, and the investigation of certain indexes is considered. As indicated
in the preceding table, the corresponding membership degree of Qj9 is (0,0.6,0.3,0.1),
which indicates that when examining the quality level of raw materials and collaboration
materials, 60% of the transferred personnel indicated that the quality level pertaining to the
raw materials and collaboration materials that are produced by Zhongnan Construction
Group Co., Ltd., is Basic (Level 2), 30% indicated that the quality level is Reinforcement
(Level 3), and 10% indicated that the materials matched the Maturity (Level 4).

(1) With respect to the PCME, the evaluation vectors of each PCP index level were
calculated as per Formula (9), where B is expressed as follows:

02 05 03
05 04 01
03 05 0.2
1 04 04 01
03 04 03

Bi=Wy %R =(02 014 03 014 022)

coococo

= (0014 0322 045 0214 )

Similarly, the values of By, B3, By, Bs, Bg, and By are calculated.
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C=M=xB= (0097 0148 0.167 0.021 035 0.162 0.055 )| 0.123 0443 0.346 0.088

(2) Subsequently, to calculate the corresponding PCP evaluation vector C, we substituted
the preceding calculation results into Formula (11):

[ 0.104 0322 045 0.214 T
0.089 0.297 0424 0.19
0.262 0.403 0.303 0.032

0 025 0.5 0.25
0.105 0.369 0.77  0.049
L 0.39 0.298 0.499 0.164

= (0.080 0315 0444 0.161 )

(3) As per Formula (12), we calculated cy.

cx = Max(cy,¢3,...cq) = Max(0.080,0.315,0.444,0.161) = 0.444

Finally, it can be noted that the PCP grade of the PCME is 0.444, which indicates that
the PCP of Zhongnan Construction Group Co., Ltd., corresponds to the Reinforcement
level (level 3).

4.3. Model Evaluation

To evaluate the rationality of the results, this study invited the standard quota research
institutions pertaining to each province; thus, the study evaluated the PCP grade based on
the evaluation standards of the provinces in which the PCME was located. A total of 34
evaluation results were received, and the evaluation feedback from each institution was
counted (Table 13).

Table 13. Statistical table of the number of grades.

Level of Pro.ductlon Initial Level = Basic Level Reinforcement Maturity Level
Capacity Level
number 3 7 18 6
proportion 0.088 0.206 0.529 0.177

As indicated in Table 13, the most prevalent grade is the Reinforcement level (level 3).
The preceding evaluation results are consistent with the empirical results of the model
developed herein, which indicates that the model is rational and feasible.

5. Discussion

This study aims to identify and verify the potential factors that affect the PCP of
PCME:s and to develop a method for evaluating the PCP. The main influencing factors
that exhibit relative independence were noted, and the PCP model was established. The
study addresses the shortage of academic research on the PCP evaluation of PCME, and
the proposed model can support PCME decision making and guidance for supplier se-
lection. Using the following discussion, the study aims to enhance the practicality of the
research results.

Regarding the preceding study, the researcher selected 33 influencing factors (i.e., fac-
tors pertaining to the effect of PCP on PCME); this selection considered the results that were
published in the existing literature and interviews, and the results were briefly discussed.
Consequently, we observed that “reasonableness of working-face distribution” and “rea-
sonable layout of functional areas” are not mutually independent, and because the former
influencing factor was included in the latter, the former should be eliminated. By contrast,
when “mechanical equipment utilization level” and “mechanical equipment deployment
level”, which are similar in meaning, are simultaneously utilized for evaluation, they are
repeated. Moreover, because the deployment level is not only the utilization level and
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timeliness relative to production, the former should be eliminated. When the “employee’s
understanding of component knowledge and production processes” is compared with
“operator training and education level”, the former factor should entail what the latter
refers to (in regard to training), and it exhibits a wider scope; therefore, the former cannot
be retained. With respect to the “proficiency of production and operation personnel” and
“skill level of production personnel”, the latter factor refers to skill levels that include
not only proficiency but also other aspects such as lean production; therefore, the former
should also be eliminated. Regarding the preceding study, based on the expert advice, the
researcher excluded influential factors that exhibited a <80 importance index (i.e., four
influential factors): the reasonableness of the working face distribution, mechanical equip-
ment utilization level, employee’s understanding of component knowledge and production
processes, and proficiency of production and operation personnel. For the aforementioned
influential factors, which should be eliminated, it can be observed that it is appropriate for
experts to propose the elimination of influential factors that exhibit a <80 importance index.

With respect to the final weights of all levels of indicators, it can be noted that the
highest weight value pertaining to the first-level indicators is “product quality level”.
Therefore, for the evaluation process of the PCP, researchers should focus on the quality
of the PC components that are produced. This finding coheres with the study that was
conducted by Song (2021) [89,90]. The weight calculation results of the secondary indexes
that characterize the product quality level indicated that the weight values of “product
pass rate” and “precision of product” are similar. With respect to the survey, we noted that
67.2% of employees who work in construction companies propose that compared with the
pass rate, the return rate exerts an immense impact on quality. Through the investigation
and analysis of this unique phenomenon, it is noted that due to the policy requirements of
local governments, some PCMEs may focus on quality inspections; however, with respect
to daily production, they may engage in dishonest practices. Thus, the quality of products
is reduced. Therefore, Tao (2013) [91] proposes that the product return rate should be
added to the evaluation index system. However, this study indicates that this index mainly
applies to the product delivery stage rather than the production stage and that the return
rate determines whether the project progress is delayed, whether the transportation cost
is wasted, and whether the future contract documents is characterized by disputes. Tao’s
study is based on the performance of the whole project, whereas this study focuses on only
the PCT production stage; therefore, the return rate is not selected as an index. Instead, to
evaluate the PCP, “precision of product” is utilized.

Furthermore, with respect to “level of personnel”, if we consider the secondary indexes,
the weights pertaining to “reasonable on-site personnel allocation” and “skill level of
production personnel” are the largest, and they are approximate. Skill level refers to the
quantity of products that are simultaneously produced by workers during the production
phase and also refers to the quality of the same product, which directly indicates the PCP
of the PCME. The preceding observation was also mentioned in He Jiapo’s study [92].
The rationality level of on-site personnel allocation includes whether the composition of
the personnel and the teams that were configured in each process of the production site
matches the production demand. When the composition is quite high, the production is
slow, and the resources are wasted. By contrast, when the production is quite low, the
requisite production level is not attained. It can be observed that because this index affects
the other indicators, it is immensely crucial, which coheres with the research that was
conducted by Jiang (2014) [93].

For the secondary indexes that correspond to “enterprise organization management
level”, “reasonable degree of decomposition of production organization” exhibits the
largest weight. Furthermore, Ahmed [94] noted that an effective organizational structure
can enhance development. However, for some evaluations, only the cost and quality of
products are considered in the establishment of indicators, whereas the role of the enterprise
management level is ignored. Because this study confirmed the perspectives of Ahmed
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et al., the index system was established, and this index was selected. Moreover, subsequent
expert opinions also confirm this notion.

It should be noted that this study discusses only the production and processing
capacity of a single enterprise. Contrastingly, Xu Xianhao [95] and other scholars propose
that under the complex and dynamic market environment, the PCP is no longer limited
to the production and processing capacity of a single enterprise; however, it considers the
flexible management ability of the entire supply chain system and the response ability
pertaining to the personalized demands of customers. Therefore, with respect to the
aforementioned scholars, the PCP evaluation indicators are added; thus, the cooperation
between enterprises can be enhanced, and the customer needs pertaining to indicators such
as technological innovation, product structure optimization design, cooperation between
enterprises, and supply chain management can be quickly addressed. This difference
accounts for the difference in the subjects” PCP.

With respect this study’s limitations, only Chinese experts were invited to establish
the evaluation index system and to determine the index weights. Therefore, some studies
that are cited herein may not be applicable to other countries and regions.

Simultaneously, by performing a statistical analysis of the data that were obtained
using this method, the differences pertaining to the development of PC in different coun-
tries and regions can be reflected, and using a longitudinal comparison, which considers
the evaluation data pertaining to different periods, the social production level that charac-
terizes different periods can be measured. This study can indirectly enable researchers to
understand the development of PC in real time and to further promote its development.

6. Conclusions
6.1. Main Conclusions and Innovations

In recent years, many PCMEs have emerged in China. However, with regard to PCP
evaluation, a reliable evaluation tool is lacking. To meet the PCP evaluation requirements,
and to provide a crucial reference for PCT production and technical progress, researchers
should compile the PCP evaluation model. This study utilizes the PCP of PCMEs as the
research object, and to clarify the factors that should be considered during the establishment
of the evaluation model, it utilizes a variety of methods and theories. The main conclusions
and innovations of this study are as follows:

(1) Establish an index system to evaluate the ability of the PCME. First, through literature
reviews and site visits, 33 PCP influencing factors were preliminarily determined.
Subsequently, after performing an investigation and obtaining expert advice, the PCP
evaluation index system was constructed, and it included seven first-level indexes,
namely “enterprise organization management level”, “level of personnel”, “mechan-
ical equipment level”, “materials and supplies”, “product quality level”, “level of
technical competence”, and “production environment”. Because four influencing
factors were eliminated, this index system comprised 29 secondary indexes.

(2) The PCP evaluation model was established. First, to determine the weight of each
evaluation index, the AHP method is utilized; subsequently, the PCP grades pertaining
to “initial level”, “basic level”, “reinforcement level “and “maturity level “are applied.
Finally, to construct the PCP model for evaluating the PCME, fuzzy comprehensive
evaluation is utilized.

(3) With respect to the model constructed herein, an empirical analysis was performed,
and it was observed that the constructed model was rational and feasible. First, we
conducted a survey that considered Zhongnan Construction Group Co., Ltd. Based on
the data that were obtained from the survey, the PCP evaluation model was utilized
for calculation and analysis; furthermore, we noted that the company’s PCP grade
matched the reinforcement level. Subsequently, to facilitate PCP grade evaluation,
standard quota research institutions pertaining to each province were invited. As per
the statistical evaluation results, 18 institutions indicated that the enterprise exhibited
the reinforcement level, which was the most prevalent PCP grade. The evaluation
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results are consistent with the model’s empirical results; thus, the constructed model
is rational and feasible.

In summary, the main contributions of this study are as follows:

Theoretically, this study considers all the possible factors that affect production; forms
a set of index systems; and develops an evaluation model, which considers the shortage
of related academic research on PCP evaluation for PCMEs and enriches the database
pertaining to PC research results.

With respect to practical application, the proposed model can facilitate the decision
making of PCMEs. Based on the evaluation data, the enterprise managers can identify the
difficulties that are encountered in the current development phase, identify the key aspects
that should be enhanced, and formulate appropriate mitigation measures. Simultaneously,
this model can also provide guidance for the selection of suppliers. Upstream enterprises
can utilize this model to evaluate the PCP level of the available suppliers who serve
the current market, and they can select the PCME that corresponds to the supply target.
Moreover, it contributes to the development of PC.

6.2. Limitations and Further Recommendations

Although the author has performed a systematic and scientific study, some limitations
persist, and many aspects still require further analysis:

(1) This study utilizes the opinions of experts who are involved in the determination of
relevant indicators and relevant weights; thus, it exhibits subjectivity, which may affect
its scientific nature. More objective methods should be adopted in future research;
alternatively, the influence of sample subjectivity on the scientific results should be
reduced by expanding the number of experts and ensuring their diversity.

(2) Inregard to the empirical analysis, the staff that represent all the levels pertaining
to PCT production were invited to fill the questionnaire; we assumed that the em-
ployees who work for the enterprise comprehend its state. However, due to the
employees’ personal feelings towards the enterprise, the results may not be objective;
thus, the final results are affected. In future studies, it may be possible to avoid the
aforementioned problems by utilizing a more confidential approach or by inviting
non-company employees who have no conflicts of interest to perform the evaluation.

(3) Although this study determines the factors that influence the PCP of PCMEs, due
to the level of progress that the society exhibits, the production technology and
management mode is likely to change; thus, the developed PCP evaluation index
system is imperfect. Therefore, researchers should consider how they can build an
enriched and optimized system, which may necessitate the reestablishment of the
indicator system by the addition, removal, and combination of indicators.

(4) Although this study has built a PCP model method that can evaluate the production
level of PCMEs, it has not performed an in-depth analysis of the consequential work,
which entails investigating the following issues: the methods of determining the
main factors that affect the current production capacity level; the methods that can
optimize the different factors; and the methods of optimizing the model. Therefore,
researchers should further explore methods of analyzing the development factors that
should be enhanced (as per the evaluation results), formulate enterprise development
strategies, and continue to explore the construction of a comprehensive and rational
PCP optimization model.

We aim to promote the development of PC. However, due to the limited scope of this
research, some aspects of the analysis provided herein will be explored in future studies.
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Appendix A

Table Al. Questionnaire of Factors Affecting Production Capacity of Enterprises.

Dear Sir/Madam,

Hello! Thank you for filling out this questionnaire.

This questionnaire is aimed at providing a basis for the production capacity evaluation of prefabricated precast manufacturing
enterprises, completing the compilation of the production capacity evaluation model of prefabricated precast manufacturing
enterprises, and promoting the development of prefabricated buildings. The questionnaire has no adverse purpose and only
provides data support for the study.

Therefore, please take the time to fill in the questionnaire. Thanks again for your participation and support! If you are interested or
have different opinions, please contact us at 249504991@qq.com. Thanks!

Best wishes!

1. Your occupation/organization:

. . .. Construction
O Research institutes/universities ©

O design units

units

O Prefabricated component O Government O Supervision O Others

Manufacturer Department Unit

2. The nature of your work in the unit:

O Senior management O Middle O Technical O Administrative © Others
management personnel personnel

3. Your years of service:

O 5 years or less O 5-10 years O 10-15 years O 15-20 years O More than 20 years

4. In your opinion, the impact of the following factors on the production capacity of the manufacturer is (please tick 1/ after the
corresponding options).

Degree of importance

number Factor of influence
most more general  minimum
1 Perfection of internal incentive mechanism
5 Management system (e.g., inspection and measurement)

soundness

Reasonable degree of decomposition of production
organization
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Level of coordination and communication between

4 departments
5 Operator training and education level
6 The advanced level of production machinery
7 The number of production machines
8 Mechanical-equipment-utilization level
9 The complete degree of production machinery
10 Application of machinery to field conditions
11 Mechanical-equipment-deployment level
12 The degree of completeness of process procedures
13 Feasibility of production plan and technical measures
14 Whether the technology research and development center
are established or not
15 Enterprise technical level accumulation degree
16 The level of leadership, organization, and control of
management personnel
17 Reasonable on-site personnel allocation
18 Employee’s understanding .of component knowledge and
production process
19 Employee awareness of component quality
20 Skill level of production personnel
21 Proficiency of production and operation personnel
22 Team cooperation level
23 The labor enthusiasm of production and operation
personnel
24 Operating site-environment comfort
25 Reasonable layout of functional areas
26 Production preparation is sufficient
27 Reasonableness of working-face distribution
28 Power-supply level
29 Product-pass rate
30 Precision of product
31 Reasonable placement of materials
32 Procurement and supply level of materials and materials
33 Quality level of raw materials and collaboration materials

If you have any further questions about this study, please feel free to comment below:
The questionnaire has been completed. Thank you very much for your cooperation and assistance.
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Appendix B

Table A2. Questionnaire for evaluating the production capacity of PC components.

Dear Sir/Madam,

Hello! Thank you for filling out this questionnaire.

This questionnaire is aimed at providing a basis for the production capacity evaluation of prefabricated precast manufacturing
enterprises, completing the compilation of the production capacity evaluation model of prefabricated precast manufacturing
enterprises, and promoting the development of prefabricated buildings. This questionnaire has no adverse purpose and only
provides data support for the study.
Therefore, please take the time to fill in the questionnaire. Thanks again for your participation and support! If you are interested or
have different opinions, please contact us at 249504991@qq.com. Thanks!

Best wishes!

1.Your workplace:

2.Your department:

3.The nature of the work you undertake in this unit:

O Administrative

O Top management O Middle manager O Technical personnel O other
personnel

4.Your years of service:

O < 5years O 5-10 years O 10-15 years O 15-20 years O >20 years

5.In your opinion, the component production capacity level of your enterprise in the following aspects is (Please put an / after the

corresponding option).

first-level index

second-level
index

Production capacity grade of component manufacturing enterprise

Enterprise organization
management level
(P1)

Perfection of internal
incentive mechanism

Q1)

Initial level: Not formed or formed but not executed ()

Basic level: It’s a reasonable system but it’s just starting to work ()
Reinforcement level: The system is exceedingly reasonable, feasible and
relatively smooth ()

Maturity level: The system is exceedingly reasonable, feasible and works well

0

Management system
(e.g., inspection,
measurement, etc.)
soundness (Q)

Initial level: No management system ()

Basic level: Just meet normal production ()

Reinforcement level: Sound management system ()

Maturity level: The management system is quite sound and smoothly
implemented ()

Reasonable degree of
decomposition of
production
organization (Q3)

Initial level: The breakdown of production organization is not reasonable ()

Basic level: The decomposition of production organization is unreasonable ()
Reinforcement level: The decomposition of production organization is more

reasonable ()

Maturity level: Reasonable decomposition of production organization ()

Level of coordination
and communication
between departments

(Qq)

Initial level: There is limited coordination and communication ()

Basic level: Not much coordination and communication (')

Reinforcement level: Frequent coordination and communication ()
Maturity level: Long-term coordination and communication and the effect is
obvious ()

Operator training and
education level (Qs)

Initial level: Basically, no training ()

Basic level: Trained several times ()

Reinforcement level: Regular training ()

Maturity level: Long-term training and the effect is apparent ()
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The level of leadership,
organization, control,
etc., of management

personnel (Qg)

Initial level: Inability to effectively manage and organize production ()
Basic level: General management ability, able to organize normal production ()
Reinforcement level: Strong management ability and can effectively organize
production ()

Maturity level: A highly qualified management team that can effectively
developand ()

Reasonable on-site
personnel allocation

Q)

Initial level: Personnel allocation is not reasonable, cannot ensure normal
production ()

Basic level: General staffing and low production efficiency ()

Reinforcement level: More reasonable and efficient personnel allocation for
production ()

Maturity level: The personnel allocation is quite reasonable and can perform (

)

Level of personnel
(P2) Employee awareness of

component quality (Qg)

Initial level: Employees have low awareness of component quality ()
Basic level: Employees have general awareness of component quality ()
Reinforcement level: Employees have strong awareness of component quality

0

Maturity level: Employees have strong awareness of component quality ()

Skill level of
production personnel

(Qo)

Initial level: The technical level of the operators is poor ()

Basic level: The technical level of the operators is average ()
Reinforcement level: The technical level of the operators is high ()
Maturity level: The technical level of the operators is quite high ()

Team cooperation level

(Q10)

Initial level: Team coordination is poor ()

Basic level: Team cooperation is not good ()
Reinforcement level: Team cooperation is tacit ()
Maturity level: The team cooperated quite well ()

The labor enthusiasm
of production and
operation personnel

(Q11)

Initial level: Labor enthusiasm is not high ()

Basic level: General enthusiasm for labor ()
Reinforcement level: High enthusiasm for labor ()
Maturity level: The labor enthusiasm is quite high ()

The advanced level of
production machinery

(Q12)

Initial level: Backward production machinery, cannot ensure normal
production ()

Basic level: The level of production machinery is normal, and can produce
normally ()

Reinforcement level: The level of production machinery is relatively
advanced, which can smoothly conduct the production work ()

Maturity level: The level of production machinery is quite advanced, which
can perform the production work quickly and efficiently ()

The number of
production machines

(Q13)

Mechanical equipment
level

(P3)

Initial level: The number of production machinery is small, unable to produce
normally ()

Basic level: The number of production machinery is not large, and the
production can be normal ()

Reinforcement level: Sufficient production machinery, the production work is
smooth ()

Maturity level: The production machinery is quite sufficient and the
production work is quite smooth ()

The complete degree of
production machinery

(Q14)

Initial level: Production machinery is not complete, cannot guarantee normal
production ()

Basic level: The production machinery is generally complete, and the
production efficiency is not high ()

Reinforcement level: More complete production machinery, more efficient
production ()

Maturity level: Production machinery is quite complete, and production
components are barrier-free ()




Buildings 2024, 14, 1816

23 of 27

Table A2. Cont.

Mechanical equipment
level

(P3)

Application of
machinery to field
conditions (Q15)

Initial level: Machinery is not suitable for field conditions ()

Basic level: Machinery is generally suitable for field conditions ()
Reinforcement level: The machinery can more optimally adapt to the site
conditions ()

Maturity level: The machinery is quite suitable for field conditions ()

Mechanical equipment
deployment level (Q14)

Initial level: The deployment of mechanical equipment is confused ()
Basic level: The allocation of mechanical equipment is basically normal ()
Reinforcement level: Mechanical equipment deployment is timely ()
Maturity level: Smooth deployment of mechanical equipment ()

Materials and supplies
(Ps)

Reasonable placement
of materials (Q17)

Initial level: Improper placement of materials ()

Basic level: The reasonable placement of materials is general ()
Reinforcement level: The placement of materials is more reasonable ()
Maturity level: The arrangement of materials is quite reasonable ()

Procurement and
supply level of
materials and materials

(Q18)

Initial level: The procurement and supply level of materials and materials is
low, which cannot guarantee normal production ()

Basic level: The procurement and supply level of materials and materials is
general, which can guarantee the basic production ()

Reinforcement level: High level of procurement and supply of materials ()
Maturity level: The procurement and supply level of materials is exceedingly
high, which can ensure efficient production ()

Quality level of raw
materials and
collaboration materials

(Q19)

Initial level: Poor quality of raw materials and collaboration materials ()
Basic level: The quality of raw materials and collaborative components is
average ()

Reinforcement level: The quality of raw materials and collaborative
components is more optimal ()

Maturity level: The quality of raw materials and collaboration materials is
excellent ()

Product quality level
(Ps)

Product pass rate (Qyp)

Initial level: The qualified rate of the produced products is quite low ()
Basic level: The qualified rate of the produced products is average ()
Reinforcement level: Higher qualified rate of produced ()

Maturity level: The production product qualified rate is quite high ()

Precision of product

Initial level: The produced products are more crude ()
Basic level: The precision of the products can meet the requirements ()

Level of technical
competence
(Ps)

(Q21) Reinforcement level: High precision of the produced products ()
Maturity level: The produced products are of high precision ()
The degree of Initial level: No process regulation ()

completeness of
process procedures

Basic level: There are simple process procedures ()
Reinforcement level: Relatively complete technological procedures ()

(Q2) Maturity level: Complete process regulation system ()
Initial level: Production plan and technical measures are not feasible ()
- Basic level: Production schemes and technical measures are partially feasible
Feasibility of

production plan and
technical measures

(Q23)

0

Reinforcement level: The production plan and technical measures are more
feasible ()
Maturity level: The production plan and technical measures are quite feasible

0

Enterprise technical
level accumulation

degree (Q24)

Initial level: No technology research and development center ()

Basic level: The establishment of technology research and development
center but investment is not robust ()

Reinforcement level: Establish a technology research and development center
and invest heavily ()

Maturity level: Establish a technology research and development center with
immense investment ()
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. Whether the Initial level: The ability to accumulate technical level is weak ()
Level of technical technology research . . . s
Basic level: Technical level accumulation ability is average ()
competence and development ) . . .
. Reinforcement level: A satisfactory ability to accumulate technical level ()
(Pg) center are established

or not (Qys) Maturity level: Technical level accumulation ability is quite satisfactory ()

Initial level: The operation site is uncomfortable ()

ti it . . . . .
Qpera 1ng site Basic level: The operation site environment is normal ()
environment comfort . . . .
(Ose) Reinforcement level: The site environment is comfortable ()

Maturity level: The site environment is exceedingly comfortable ()

Initial level: The layout of functional areas is not reasonable ()
Reasonable layout of ~ Basic level: The layout of functional areas is general ()
functional areas (Qp7)  Reinforcement level: The layout of functional areas is reasonable (')
Maturity level: The layout of functional areas is quite reasonable ()

PIQdUCtiOH Initial level: The production preparation is not sufficient ()
environment Production preparation  Basic level: The production preparation is not quite sufficient ()
P7) is sufficient (Qog) Reinforcement level: Adequate preparation for production ()

Maturity level: The production preparation is quite full ()

Initial level: Power supply cannot achieve normal production ()
Basic level: Power supply level is general and can support basic production ()
Power supply level Reinforcement level: The high power-supply level can meet the high
(Q29) production requirements ()
Maturity level: The power-supply level is quite high to meet the needs of
efficient production ()

If you have any further questions pertaining to this study, please feel free to comment below:
The questionnaire has been completed. Thank you very much for your cooperation and assistance!
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