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Abstract 
Prefabricated buildings have the advantages of energy saving, pollution reduction and 
high efficiency, In recent years, prefabricated buildings have flourished in China, 
However, due to the short development time of prefabricated buildings, Many systems 
are not perfect enough, therefore, This paper starts with the prefabricated construction 
process, A safety risk assessment system of three primary indicators including 
construction preparation, lifting and installation and 14 secondary indicators has been 
established, And in this paper is based on the AHP method, Translate the qualitative 
analysis into a quantitative analysis on the basis of the expert investigation, Finally, the 
important indicators affecting the safety risk of prefabricated buildings are analyzed, 
And, according to this conclusion, Develop special measures and make relevant 
suggestions, It provides a reference for the later safety risk evaluation of prefabricated 
buildings. 
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1. Introduction 

Prefabricated building is a building composed of transporting the prefabricated factory 
components to the construction site and using dry and wet connections to connect each 
component.With the development of building industrialization and the advancement of green 
building concept, prefabricated buildings with its low pollution, high quality, energy saving, 
high efficiency advantages in the construction industry has achieved high attention, housing in 
"much starker choices-and graver consequences-in" prefabricated building action plan, points 
out that by 2020, prefabricated buildings accounted for more than 15% of new buildings, the 
key area has reached more than 20%, prefabricated building gradually become one of the 
important direction of building structure development in China[1]Is an important way for the 
construction industry to shift from traditional construction to industrial construction.However, 
as the construction industry has always been an industry with a high incidence of safety 
accidents, the development of prefabricated buildings in China is in the primary stage[2]Lack 
of experience in the management of safety risks in the construction process of prefabricated 
buildings, insufficient understanding of risks, and construction personnel lack of experience in 
the construction technology operation in the process of prefabricated buildings, which leads to 
many safety problems in the construction process of prefabricated buildings[3]. With the 
document of the Guidance on the vigorous Development of Prefabricated Buildings issued in 
2016, "strive to raise the proportion of prefabricated buildings to 30% within about ten 
years"[4]The safety problem of prefabricated buildings faces important challenges. 
At present, many domestic and foreign experts and scholars have studied the safety risks in the 
process of prefabricated construction, and Li[5]With the help of the system dynamics, the safety 
evaluation index in the prefabricated building construction process was determined, including 
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Chang[6]The weight of the safety evaluation index in the construction process of the 
prefabricated buildings is calculated, and the influencing factors of the safety risk in the 
prefabricated buildings are sorted out, Aminbakhsh[7]Based on the safety cost theory, the 
hierarchical analysis method is used to evaluate the safety risk of prefabricated buildings, 
Riza[8]On the basis of BIM, the safety assessment index of limited space is added.Chen 
Wei[9]AHP and gray clustering method are coupled to construct the safety evaluation model of 
prefabricated building, Chang Chunguang[10]The Delphi method is quoted to score the safety 
evaluation indicators and introduce the mutation series theory to construct the construction 
safety risk evaluation model.Zhang Wenjia[11]The structure entropy weight method is used to 
calculate the index weight, and then the credibility measure theory is introduced to evaluate 
the construction safety of prefabricated buildings. 
In summary, there are many studies on the safety risk evaluation of prefabricated buildings, 
But for the evaluation system, Most evaluation indicators are divided from the theory of 4M1E, 
Since the construction process of prefabricated buildings is compared with the previous 
traditional buildings, In some materials, equipment, technology and other aspects have large 
differences, Traditional 4M1E varies for prefabricated buildings, Therefore, in the process of 
evaluating the safety risks in the process of prefabricated building construction, Mainly from 
the perspective of assembly construction process, Introduce the hierarchical analysis method 
(AHP) to calculate the weight of each index, Analyze the indexes with great impact on the 
construction safety risk, And for some analysis and discussion of these indicators, Provide ideas 
for the safety management of prefabricated buildings later. 

2. The Construction of the Evaluation Index 

2.1. Collection and Arrangement of Index Factors 
The site construction of prefabricated buildings can be divided into three parts: construction 
preparation, component lifting, and component installation.Compared with the construction 
process of traditional buildings, prefabricated buildings have more high-altitude work and a 
high degree of mechanization. Therefore, it is difficult to control the influence factors of 
management personnel on construction safety in the construction process of prefabricated 
buildings, which leads to high safety accidents.Through literature research and some field 
research, this paper takes the construction preparation, component lifting and component 
installation as the standard layer, combined with the characteristics of prefabricated buildings 
and some relevant specifications of prefabricated buildings, drew on the previous research 
results and consulted the opinions of experts. 

2.2. The Establishment of the Index System 
Prefabricated construction safety risk evaluation system is established from the perspective of 
prefabricated construction process, construction safety risk influence factors are divided into 
construction preparation, component lifting, component installation three aspects, and 
according to some common construction process safety risk factors, combined with the 
characteristics of prefabricated building to the above three primary index for in-depth study, 
and then screening secondary indicators again. 
Construction preparation stage: the construction preparation stage includes the design of the 
construction scheme, technical disclosure and other issues, If the components are stacked at 
the construction site, And the congestion relationship between the road and the vehicles caused 
by the stacking of the components, If the site factors are not taken into account in the 
construction plan in the early stage, There will be many potential risks in the actual 
construction process, At the same time, the system compilation of safety management will also 
cause some risk problems for prefabricated buildings, Compared to the traditional building 
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process technology, There are great differences in the construction process of prefabricated 
buildings, Safety prevention and control measures in the process of prefabricated buildings are 
different from the traditional safety prevention and control measures, In particular, some 
problems such as aerial work need to focus on prevention and control. 
Component lifting: prefabricated building in the process of building column beam plate wall 
and other components prefabricated in the factory, its components usually large volume and 
quality, increase the safety risk of the site hoisting, then between hoisting machinery and 
components, matching between lifting points and tools, if problems between components and 
hoisting machinery overturning, falling, and tower crane lifting machinery, it is prone to 
collision, so as to increase the safety risk in the construction process. 
Component installation: component installation stage is more professional, technology, 
equipment of a coordinated construction process, so in the process of component installation 
from people, objects, machine, method need to focus on analysis, one of the link problems may 
increase safety risks, such as safety awareness, fatigue work such elements is generally the root 
cause of the construction process safety.Material quality will directly affect the quality of 
prefabricated buildings, such as unreliable hook, insufficient temporary support force, 
technical level and other factors should fully consider the site construction environment, and 
have certain requirements for the knowledge reserve of technical personnel and project 
managers, which increases certain risks to the installation of component. 
Based on the above analysis of the risk factors in the process of prefabricated construction and 
related literature research, and to the network to contain "prefabricated building", 
"construction safety", "safety risk assessment" as the theme of the paper, the risk factors 
mentioned in the literature, the prefabricated construction safety risk factors identified as 
shown in Table 1: 
 

Table 1. Identification of construction safety risk factors 

Factor category Factor name designate 
Literature 

layuan 

preliminary work for 
construction 

construction management plan C11 [12, 13] 
Supervision degree and coordination ability of 

the management personnel 
C12 [14, 9] 

Investment of safety measures fee C23 [15] 
Establishment and implementation of the safety 

management system C24 [15, 16, 18] 

Component lifting 

Safety state of the hoisting machinery C21 [16, 17] 
Lifting technology C22 [17, 25] 

Hoisting bearing capacity C23 [17, 31] 
Safety measures for peripheral operation C24 [20, 10] 

Positioning technology C25 [19, 22] 

Component installation 

Technical level of the installer C31 [12, 15] 
Safety awareness of the installers C32 [14, 15, 19] 

Component quality C33 [17, 18] 
Component connection technology C34 [17] 

Fatigue homework C35 [19, 21] 

 
After sorting out the indicators influencing factors obtained by the literature research method, 
the expert survey method is used to screen the indicators. The final index system is shown in 
Table 2: 
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Table 2. Index System 
Target 
layer 

The standard layer Index layer 

A
ssem

bly-type building construction safety risk 
evaluation index A

 
 

preliminary work for 
construction B1 

construction management plan C11 
Supervision degree and coordination ability of managers 

C12 
Investment of safety measures fee C23 

Establishment and implementation of the safety 
management system C24 

Component lifting B2 

Safety status of the hoisting machinery: C21 
Lifting technology C22 

Lifting carrying capacity C23 
Safety measures C24 

Positioning technology C25 

Component installation B3 

Technical level of the installer, C31 
Safety awareness of the installer, C32 

Member quality C33 
Member connection technology C34 

Fatigue work C35 

3. The Index Weight Was Determined based on the AHP Method 

Hierarchical analysis is the complex organization, hierarchical, to hierarchical structure, 
hierarchy is divided into target layer, criterion and index layer, the same level factors will affect 
the upper level, the same level factors also influence each other, finally according to the 
relationship, using quantitative analysis will quantitative information, finally get the weight as 
the form of index system.Using the definition of hierarchical analysis method, the construction 
safety risk evaluation index system of prefabricated building is divided into three first-level 
indexes and 14 second-level indexes. 

3.1. Construct the Judgment Matrix 
The index system is analyzed from the bottom to the top. For indicators of the same level, the 
1-9 scale method is used to compare them to the top index. The scale method is shown in Table 
3, and the relative importance score table of indicators is shown in Table 4: 
 

Table 3. The Judgment Matrix 
Order Number Importance index Aij  Assignment 

1 The elements i and j are equally important 1 
2 The i element is slightly more important than the j element 3 
3 The i element is significantly more important than the j elements 5 
4 The i element is much more important than the j element 7 
5 The i element is extremely more important than the j element 9 
6 The i element is slightly less important than the j element 1/3 
7 The i element is significantly less important than the j element 1/5 
8 The i element is more strongly unimportant than the j element 1/7 
9 The i element is extremely unimportant than the j element 1/9 

Note: in the table, in which 2,4,6,8,1 / 2,1 / 4,1 / 6 and 1 / 8 are the intermediate state values 
between the above judgments. 
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Table 4. The relative importance of indicators 

Target A Criterion𝐵  Criterion𝐵  Criterion𝐵  ⋯ Criterion𝐵  Weight W 

Criterion𝐵  1 𝑎  𝑎  ⋯ 𝑎  𝑊  
Criterion𝐵  𝑎  1 𝑎  ⋯ 𝑎  𝑊  
Criterion𝐵  𝑎  𝑎  1 ⋯ 𝑎  𝑊  

⋮ ⋮ ⋮ ⋮ 1 ⋮ ⋮ 
Criterion𝐵  𝑎  𝑎  𝑎  ⋯ 1 𝑊  

3.2. Conformance Inspection 
Because when people make pairwise comparisons of the relevant factors of the problem, it is 
difficult to ensure that the judgment is completely consistent. In order to avoid the judgment 
error, we need to conduct the consistency test of the indicators. 
According to the maximum feature root calculated by the judgment matrix, the calculation 
formula is:λ : 
 

𝜆 = ∑
( )

= ∑
∑

 

 
λ The calculated substitution formula calculates the consistency index CI, and the calculation 
formula of the consistency index CI is: 
 

CI=  

 
Conduct the consistency test according to the calculated consistency index CI. The formula of 
the consistency test is: 
 

CR=  

 
If the RI is <0.1, the consistency test of the judgment matrix passes, whereas the consistency 
test fails, and the value of the average random consistency index RI is shown in Table 5: 
 

Table 5. The mean random consistency index 
N 1 2 3 4 5 6 7 8 9 10 
RI 0 0 0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49 

3.3. Index Weight Calculation Method 
W=(𝑊 , 𝑊 , ⋯, 𝑊 )T 

 
Calculculation using arithmetic averaging: 
 

𝑊 = ∑
∑

,i=1,2,⋯,n 

3.4. Determination of Index Weight 
First of all, after the index system is established, expert questionnaires are invited to analyze 
and process the project data, and then the judgment matrix is obtained by pairwise comparison 
(as shown below).The final weights is shown in Table 6: 
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Table 6. Index weight calculation results 

Target 
layer 

The standard layer Weight Index layer Weight 

A
ssem

bly-type building construction safety risk 
evaluation index A

 

preliminary work for 
construction B1 

0.2973 construction management plan C11 0.1928 

 
Supervision degree and coordination ability 

of managers C12 0.4168 

 Investment of safety measures fee C23 0.1209 

 Establishment and implementation of the 
safety management system C24 

0.2695 

Component lifting B2 

0.5390 Safety status of the hoisting machinery: C21 0.0972 
 Lifting technology C22 0.1285 
 Lifting carrying capacity C23 0.1954 
 Safety measures C24 0.2402 
 Positioning technology C25 0.3387 

Component installation 
B3 

 
 
 

0.1638 Technical level of the installer, C31 0.0957 
 Safety awareness of the installer, C32 0.1306 
 Component quality C33 0.2762 
 Member connection technology C34 0.1892 

 Fatigue work C35 0.3083 

4. Conclusion 

Based on the AHP method, the construction preparation, lifting and installation in the 
construction process of prefabricated buildings are taken as the standard layer, through which 
the analysis of the characteristics of prefabricated buildings, according to the "Prefabricated 
Building Evaluation Standard" (GBT51129-2017), "Construction Safety Inspection Standard" 
(JGJ59-2011) and other provisions To summarize the safety factors in the process of 
prefabricated construction, and combined with 4M1E to secondary indicators are summarized 
and sorting, and by expert survey, formed the prefabricated construction safety risk evaluation 
index, from the weight in Table 5 we can see that the management of supervision and 
coordination ability, positioning technology, fatigue the biggest influence in the index layer, 
therefore, in the future prefabricated construction process to do the following measures: 
(1) The supervision degree and coordination ability of the management personnel 
People play a decisive role in the construction process. In the construction process, both the 
construction personnel and the management personnel determine the final completion degree 
and safety level of the project.Because at present the prefabricated industry is still in groping 
stage, the construction process is different from the traditional construction process, most of 
the prefabricated project is still in the state of the learning construction, to a certain extent 
increased the prefabricated construction safety risk level, therefore, strengthen the 
management coordination ability and supervision degree is the effective means to reduce the 
construction safety problems.At present, in the process of prefabricated construction, more 
new technologies should be adopted. In addition, the construction safety supervision should be 
strengthened, and the relevant safety policy documents should be strictly implemented. At the 
same time, some advanced organization and coordination management technology should be 
introduced to ensure the safety of the construction process. 
(2) Positioning technology 
Positioning technology in the process of prefabricated installation is a very important link, the 
core of the prefabricated building is the prefabricated assembly, so positioning technology to a 
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certain extent determines the development level of the prefabricated buildings, prefabricated 
buildings in continuous development, so we should learn more prefabricated construction 
advanced technology, training more professional technical personnel, introduce some new 
equipment, and not only can improve the quality of prefabricated building construction, but 
also to a certain extent reduce the level of safety accidents. 
(3) Fatigue operation 
During the assembly installation is fatigue construction, In terms of prefabricated technology 
and process, Can be through certain learning and preventive measures, Minimize the safety risk 
impact, But fatigue operation is belongs to the construction personnel for the safety risk 
awareness of the problem, The safety problems caused by it cannot be ignored, therefore, We 
should regulate it in many ways, Management personnel should regularly educate the 
construction personnel on safety risk awareness, At the same time to provide the construction 
personnel with sufficient rest and sleep time, Construction personnel themselves should also 
pay attention to the psychological state of the construction process, Minimize safety issues. 
To sum up, in the process of prefabricated construction, in order to reduce safety risks, not only 
from the process, construction technology method constantly update reform, but also from the 
aspects of management, construction personnel, learning and education, the parties through 
continuous understanding learning, reduce the safety hidden danger in the process of 
construction, make prefabricated buildings in our country can better continuous development. 
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