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Abstract. With the advancement of urbanization, high-rise buildings continue to 

emerge, which to some extent promotes the vigorous development of the con-

struction industry, but at the same time brings great risk problems. Compared to 

ordinary buildings, high-rise buildings have complex spatial structures, multiple 

construction processes, and high-altitude operations. These characteristics not 

only bring severe difficulties to construction, but also pose great safety risks 

during the construction process. Therefore, it is necessary to carry out risk 

management for high-rise building construction. This article takes a high-rise 

building project in a certain city as an example to analyze the construction risk 

factors, evaluate the risk factors through the Analytic Hierarchy Process, and 

propose corresponding control measures. 
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1 Introduction 

In recent years, rapid economic development and large-scale land use have forced 

people to develop in the air and build high-rise buildings. [1]However, the construction 

period of high-rise buildings is long and there are many cross operations, so the safety 

risk can not be ignored. 

Chen Tongrui established an assessment index system and quantitatively analyzed 

risks by using the Analytic Hierarchy Process (AHP).[2] Li Songchen and Yang Gao-

sheng analyzed the safety management risks by using the AHP method and proposed 

control strategies.[3] Guo Ting, Lv Shuran et al. clarified the hierarchical relationship 

and relative importance of risk factors by combining the explanatory structure model 

and AHP.[4] Ramin A et al. combined fuzzy logic with AHP and proposed a new se-

curity risk assessment model.[5] Gordon C et al. systematically sorted out the charac-

teristics of various security risks and proposed targeted treatment plans. [6] 
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In summary, the Analytic Hierarchy Process (AHP) is relatively mature and widely 
used in the research of risk identification and assessment of high-rise buildings. This 
article adopts the AHP to conduct risk assessment and proposes control measures based 
on the assessment results. 

2 Risk Sources and Indicator System Construction 

2.1 Source of Risk 

In the construction of high-rise buildings, safety risks involve multiple factors: In terms 
of human factors, construction workers have weak safety awareness, engage in risky 
operations in violation of regulations, or lack professional skills and are not proficient 
in technological processes, which directly affect construction safety. In terms of ma-
terial factors, improper installation of large mechanical equipment such as tower 
cranes, delayed inspection and maintenance, improper operation, as well as the use of 
substandard building materials, will threaten the structural stability of buildings. En-
vironmental factors cannot be ignored. The particularity of high-altitude open-air 
operations makes construction safety highly susceptible to the influence of the sur-
rounding environment. Management factors are equally crucial. Unreasonable overall 
allocation of personnel, machinery and materials by managers, incomplete safety 
management systems, unclear responsibility division, inadequate education and train-
ing, and untimely emergency response are all important causes of accidents. 

2.2 Safety Risk Indicators 

This article takes high-rise residential buildings in a certain city as an example for 
safety risk analysis. The total construction area of this project is 110,187.26 square 
meters, an underground construction area of 14123 square meters, and a total above 
ground construction area of 69197 square meters. The main building has two under-
ground floors and twenty above ground floors, with a building height of 63 meters. This 
project has a relatively high building height and great construction difficulty. There-
fore, it has high requirements for construction safety management and needs to conduct 
a safety risk assessment.  

Through the questionnaire survey method, relevant personnel such as the construc-
tion workers, construction management personnel and the supervisory party of this 
project were selected for questionnaires. Four indicators, namely human factors, 
equipment and material factors, environmental factors and management factors, are 
determined as the first-level indicators.Under each first-level indicator, there are re-
spectively three second-level indicators: Human factors include safety protection 
awareness, the degree of standardization of operation, and the professional skill level of 
workers; Equipment and material factors include safety of protective equipment, safety 
of construction machinery, and safety facilities. Environmental factors include the 
layout of the construction site, the surrounding environment of the construction, and 
climatic influences. Management factors include safety education and training, safety 
regulations and rules, and safety emergency response. 
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3 Anaiytic Hierarchy Process 

1. Build a hierarchical structure model 

Decompose decision-making problems into objective layer, criterion layer, and so-
lution layer. The target layer is the ultimate decision-making objective; The criteria 
layer includes various indicators that affect decision-making; The scheme layer is the 
specific options available for selection. 

2. Construct a judgment matrix 

Compare the importance of each element at the same level with respect to a criterion 
in the previous level pairwise, and construct a judgment matrix. The elements in the 
judgment matrix are usually determined by the 1-9 scale method to determine their 
relative importance. Among them, "1" represents that both before and after are equally 
important; '3' indicates that the former is slightly more important than the latter; '5' 
means that the former is obviously more important than the latter; The number "7" 
indicates that the former is significantly more important than the latter; The number '9' 
indicates that the former is particularly important compared to the latter. 

3. Calculate weight vector 

By calculating the maximum eigenvalue of the judgment matrix and its corre-
sponding eigenvectors, the eigenvectors are normalized to obtain the weight vectors of 
each element for the criterion. This article uses the sum product method to calculate the 
weight vector: normalize each column element of the judgment matrix, that is, divide 
each column element by the sum of the elements in that column; Add the normalized 
matrix by rows to obtain a column vector; Normalize the column vector to obtain the 
weight vector. 

4. Consistency check 

Firstly, calculate the value of the consistency index CI according to formula (1). 

)1()max( −−= nnCI λ  (1) 

Among them, λmax is the maximum eigenvalue of the judgment matrix, and n is the 
order of the judgment matrix. 

Secondly, search for the corresponding average random consistency index RI and 
calculate the consistency ratio according to formula (2). 

RICICR =  (2) 

When CR<0.1, it is considered that the judgment matrix has satisfactory con-
sistency, otherwise it needs to be adjusted. 



          709Identification and Evaluation of Safety Risk Factors in High Rise …   

4 Risk Assessment Based on Analytic Hierachy Process 

4.1 Hierarchical Structure Model 

The hierarchical structure model is mainly used to correlate the various factors that 
affect high-rise construction according to their interrelationships.The system is divided 
into three levels from top to bottom. In this project, the first level is the construction 
safety risk T of high-rise buildings, the second level consists of four factors: personnel, 
equipment and materials, environment, and management. The third level provides a 
more detailed analysis and development of the four factors in the second level. Estab-
lish a hierarchical structure model for this project based on security risk indicators, as 
shown in Figure 1. 

 
Fig. 1. Hierarchical structure model of construction safety risks in high-rise buildings 

4.2 Constructing a Judgment Matrix 

This step adopts the expert scoring method. Project experts are selected to score the 
importance values. The weighted average of the expert scoring results is used to de-
termine the value of each factor, and the judgment matrix of the second-level factor A 
for the first-level factor T is obtained, as shown in Table 1. 

Table 1. Judgment Matrix of Second Level Risk Factors (A) on First Level (T) 

T  A1  A2  A3  A4  
A1  1  3  5  7  
A2  1/3  1  2  4  
A3  1/5  1/2  1  2  
A4  1/7  1/4  1/2  1 

According to the data in the table, it can be inferred that people are the most im-
portant influencing factor. Next, according to the calculation method of the AHP 
model, calculate the weight values of A1, A2, A3, and A4 for the first layer factor T, as 
shown in Table 2. 



 

Management 
factor A4 
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Table 2. Matrix weight values of the second layer risk factors (A) on the first layer (T) 

T  A1  A2  A3  A4  Weight Value 
A1  1  3  5  7  0.5791  
A2  1/3  1  2  4  0.2326  
A3  1/5  1/2  1  2  0.1213  
A4  1/7  1/4  1/2  1  0.0670 

4.3 Consistency Check 

Consistency test is an indispensable step in the Analytic Hierarchy Process. Through 
conducting consistency test, it can be determined whether the constructed comparison 
matrix is reasonable.Calculate the value of the consistency index CI according to 
formula (1), substitute it into formula (2) to obtain the value of the consistency ratio 
CR, and determine whether CR is less than 0.1 to determine whether the judgment 
matrix has satisfactory consistency. By calculation, the judgment matrix CI=0.009 and 
CR=0.011<0.1 are obtained, indicating satisfactory consistency of the judgment ma-
trix. 

Similarly, establish a judgment matrix between the scheme layer (B) and the crite-
rion layer (A), calculate the weight values and judgment consistency, and ultimately 
determine the ranking of the final weight values for different risk factors, as shown in 
Table 3. 

Table 3. Ranking of Safety Risk Factors in High rise Building Construction 

Risk Factor 
Weight 
Value 

Specific Risk Factors 
Weight 
Value 

Sort 

Safety protection awareness B1 0.4191 1 

Human factors 
A1 

0.5791 
Degree of homework operation stand-

ardization B2 
0.0482 5 

Worker's professional skill level B3 0.1119 3 

Equipment and Protective equipment safety B4 0.1645 2 
material factors 0.2326 Construction machine safety B5 0.0468 6 

A2 Safety Facility B6 0.0212 9 
Construction site layout B7 0.0751 4 

Environmental 
factor A3 

0.1213 
Surrounding environment of construc-

tion B8 
0.0117 11 

Climate impact B9 0.0345 8 
Safety education and training B10 0.0446 7 

0.0670 Safety Regulations B11 0.0155 10 
Safety emergency handling B12 0.0069 12 

From this, it can be seen that safety awareness, the safety of protective equipment, 
and the professional skills of workers are the factors that have the greatest impact on 
the safety risks of high-rise building construction in this project. 
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5 Risk Control Measures 

5.1 Strengthen Safety Awareness Training for Construction Personnel 

Through various forms such as regularly holding safety knowledge lectures and play-
ing videos of accident cases, the safety risks and key points of prevention in high-rise 
building construction are popularized among construction workers, and their safety 
awareness and self-protection ability are strengthened. At the same time, establish a 
safety training and assessment mechanism, formulate detailed standards, and conduct 
regular refresher training and assessment for on-the-job personnel to ensure that safety 
awareness is constantly emphasized.  

5.2 Improving Workers' Professional Skills 

Based on the construction characteristics of high-rise buildings and the skill require-
ments of various trades, a systematic professional skills training plan is formulated. The 
skills of construction personnel are regularly evaluated and assessed, and their enthu-
siasm for improving skills is stimulated through reward and promotion mechanisms. 

5.3 Strengthen the Inspection and Maintenance of Protective Equipment and 
Devices 

Establish a procurement system for protective equipment, select high-quality suppliers 
that comply with national standards and industry norms, and strictly inspect the quality 
and performance before procurement. Regularly assign dedicated personnel to main-
tain and inspect protective devices. For any safety hazards identified during the in-
spection, promptly formulate rectification measures and implement them within a 
specified time limit. 

6 Conclusion 

This paper uses the Analytic Hierarchy Process (AHP) to identify and analyze risk 
factors for high-rise building projects in a certain city. It is found that safety protection 
awareness, the safety of protective equipment, and the professional skill level of 
workers are the greatest factors affecting construction safety risks. Based on this, 
corresponding control measures are proposed. These findings are of crucial signifi-
cance for strengthening the safety risk management of high-rise buildings and ensuring 
the high-quality and efficient completion of projects. They also provide important 
references and guidance for the safety management of future high-rise building pro-
jects.  
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