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Abstract. Many Bridges in service are faced with safety hazards such as struc-

tural damage and reduced bearing capacity, so it is very important to establish a 

scientific bridge safety evaluation system. The bridge safety evaluation index 

system is constructed, and the weight of the index is determined by game opti-

mization method based on coefficient of variation and entropy weight, and an 

evaluation model based on combination weighting is formed. Finally, the model 

is applied to the safety evaluation of 5 Bridges in service, and the results are 

compared with the actual situation. The results show that the model can accu-

rately evaluate the safety of Bridges, and the effectiveness and practicability of 

the evaluation model are verified. 

Keywords: Bridge construction; Index system; Combinatorial empowerment; 

Safety assessment; Urban construction 

1 Introduction 

Bridge construction is the basic content of national infrastructure development, but also 

an important part of the transportation network[1]. With the passage of time, many 

Bridges in service face serious problems such as structural damage, reduced bearing 

capacity and aging in service[2]. Therefore, it is becoming more and more important to 

conduct a comprehensive analysis and research on the safety of Bridges in service[3]. 

For example, literature[4] proposed that the safety of Bridges, including their structural 

components, gradually deteriorate under the influence of natural environment, traffic 

flow and other comprehensive factors. Huang Ya'e uses the extended analysis hierarchy 

method to calculate the weights, which provides a reference for the safety evaluation 

of Bridges[5].Wang presents an improved entropy based fuzzy group decision model, 

which combines entropy and fuzzy decision methods to identify the information relia-

bility of dynamic rescue requirements under chaotic and uncertain conditions[6]. Wang 

introduces a repair priority evaluation method based on set pair analysis (SPA) model, 

and applies the model to determine the repair priority order, providing a scientific, sim-

ple and applicable repair priority method[7]. 

However, there are still some defects in the existing bridge safety assessment meth-

ods. Literature[8] adopted the combined weighting method based on grey correlation  
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analysis and entropy weight method to determine the weights of each evaluation index, 
and established a prediction model for bridge safety evaluation. However, in the selec-
tion of reference sequence and comparison sequence and the selection of parameters 
(such as weight and resolution), the subjective judgment of the researcher may affect 
the analysis results9. The combination weighting method may also be affected by expert 
judgment and personal preference in the process of indicator selection, weight alloca-
tion and data collection10. In order to solve these limitations, a game optimization 
method based on coefficient of variation method and entropy weight method is pro-
posed. Compared with grey correlation analysis, coefficient of variation method does 
not need to select reference sequence or comparison sequence, which reduces the influ-
ence of subjectivity and selection bias. Compared with the combinatorial weighting 
method, game theory combinatorial weighting can reflect the views and interests of all 
parties more comprehensively and avoid the deviation of a single perspective. 

2 Bridge Safety Evaluation Index System and Experimental 
Samples 

Bridge safety index evaluation system is a structured and systematic summary and anal-
ysis of various factors affecting bridge safety. Combined with different bridge engi-
neering cases and related literature in recent years8, the bridge safety assessment index 
system is established, as shown in Table 1: 

Table 1. Bridge safety evaluation index system. 

 Primary index Secondary index 

Deck Pavement 

Expansion Joint Condition 

Protection Layer Thickness 

Steel Condition Rebar Distribution 

Rebar Corrosion 

Concrete Strength 
Bridge safety 
index system Concrete Condition Concrete Carbonation 

Bearing System 

Traffic Volume 

Foundation Settlement 

Guardrails and Columns Inspection 

Drainage System Condition 

Environmental Factors Chloride Ion Content 
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Based on the above indicators, relevant experimental data of five Bridges located in 
Wuhan, China were collected by reference8. According to the above index evaluation 
system, the experimental data of the bridge are analyzed and summarized, and the spe-
cific information is shown in Table 2. 

Table 2. Specific data table of 5 Bridges in Wuhan. 

Bridge 
numberr C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 

Bridge1 92 91 0.99 0.98 − 38 1.4 0 85 1.1 95 96 96 0.08 

Bridge2 56 50 0.82 0.9 − 
300 1.2 0.42 70 1.25 52 87 50 0.56 

Bridge3 57 42 0.95 0.94 − 
212 1.1 0.13 82 1.15 95 80 50 0.21 

Bridge4 52 50 0.84 0.88 − 
326 0.85 0.38 71 1.18 75.5 62 81 0.45 

Bridge5 57.
17 

64.3
4 0.72 0.87 − 70 1.24 0.05 71 0.12

43 82 92 80 0.04
1 

3 Weight Analysis of Bridge Safety Evaluation Index 

3.1 Data Normalization 

Aiming at the differences of dimension and order of magnitude in the original data of 
bridge safety index of underground engineering,The data is normalized to eliminate the 
effects of dimension and order of magnitude differences11.The magnitude of m experi-
mental samples is carried out under n evaluation indexes. The magnitude of article i 
experimental sample under j index is ijx , and the standardized data is recorded as ijy . 

For positive indicators: 
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ij j
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j j
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−

=
−

          (1) 

For negative indicators: 
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Where represents the data of Article i experimental sample after normalization under 
item j index. The higher the positive index value, the higher the bridge safety level. The 
higher the negative index value, the lower the safety grade of the bridge. Here, the 
normalized matrix description of the experimental sample is given, { }ij m ny y ×= . 
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3.2 Weight Calculation by Coefficient of Variation Method 

Coefficient of Variation (CV) is a statistical method used to measure the relative vari-
ation of data. It calculates the ratio of the standard deviation of the data to the mean in 
order to compare the variability of different data sets12. 

The Index Variation Coefficient was Calculated.  

/j j jV yσ=                (3) 

Where jσ  is the standard deviation of the index after standardization, jy  is the 

mean value of the index after standardization, and jV  is the variation coefficient of the 
index. 

Calculate the Weight of the Coefficient of Variation Method.  

1
/

n
A
j j j

j
w V V

=

=         (4) 

Where, jV  is the coefficient of variation of the index, and A
jw  is the objective 

weight determined by the coefficient of variation method. 

3.3 Entropy Weight Method Weight Calculation 

Entropy weight method is based on the concept of information entropy, and allocates 
weight by analyzing the information of each index, which has strong objectivity and 
science13. 

Computational Information Entropy.  

1
ln( )

m

j ij ij
i

e k p p
=

= −            (5) 

Where 1/ ln( )k m= , m is the number of samples, ijp  represents the index proportion 

of the sample of item i in the index of item j, 
1

/
m

ij ij ij
i

p u u
=

=  , and je  represents the 

entropy of the index of item j, 0je > . 
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Calculate Index Weight.  

1
(1 ) / (1 )

n
B
j j j

j
w e e

=

= − −        (6) 

Formula 
B
jw  represents the weight of item j. 

3.4 Combinatorial Weighting Based on Game Theory 

According to formula (1) - formula (7), A
jϖ  represents the weight value of coefficient 

of variation method, and B
jϖ  represents the weight value of entropy weight method. 

Let 1 2( , , , )A A A A T
nϖ ϖ ϖ ϖ=  represent the coefficient of variation weight vector and 

1 2( , , , )B B B B T
nϖ ϖ ϖ ϖ=   represent the entropy weight weight vector. 

Let the combined weight vector be 1 2( , , , )Tnθ θ θ θ=  , 1
Aθ λ ϖ λ ϖ= + . 

Where, and , 1λ , 2λ  is the linear representation coefficient of the combined weights, 

which satisfies the constraint conditions: 1 0λ ≥ ， 2 0λ ≥ , 1 2 1λ λ+ = . 

The optimal combination coefficient 1λ , 2λ , is solved according to the game theory 

combinatorial weighting idea, and the optimal weight value in θ  is obtained by mini-
mizing the deviation between θ  and A

jϖ and B
jϖ . The objective function is set as fol-

lows: 

2

1
m in || || , (1, 2 )T

k k k
k

kλ ϖ ϖ
=

⋅ − ∈            (7) 

Where, 1ϖ , 2ϖ  represents A
jϖ  and B

jϖ , respectively. The derivation of the above 
formula gives the following formula. 

11 1 1 2 1 1

22 1 2 2 2 2

T T T

T T T

λϖ ϖ ϖ ϖ ϖ ϖ
λϖ ϖ ϖ ϖ ϖ ϖ

   ⋅ ⋅ ⋅ 
× =    ⋅ ⋅ ⋅    

          (8) 

The above formula is a cross-programming model with multiple objective functions. 
By solving it, a comprehensive weight result can be obtained, which can be coordinated 
and balanced with many weight assignment methods. 

By substituting each single weight value into the formula and using the linear pro-
gramming method8,gain 1 0.35949λ = , 2 0.64051λ = , and the combined weight 
of the index can be obtained, as shown in Table 3. 
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Table 3. Weights of each evaluation method. 

in-
dex C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13

A 0.11 0.08 0.05 0.08 0.07 0.05 0.06 0.09 0.12 0.05 0.04 0.07 0.06
88 70 88 13 52 19 75 63 74 00 91 53 15 

B 0.12 0.08 0.05 0.08 0.07 0.04 0.06 0.11 0.13 0.04 0.04 0.08 0.05
35 23 03 04 53 33 74 11 98 19 12 74 61 

0.12 0.08 0.05 0.08 0.07 0.04 0.06 0.10 0.13 0.04 0.04 0.08 0.05
18 40 34 07 52 64 74 58 53 48 40 31 80 

4 Comprehensive Safety Evaluation 

Let iz  represent the comprehensive safety evaluation value of the i th bridge sample, 

and 1 2( , , , )nz z z z=  represent the safety comprehensive evaluation vector of 

the bridge experiment sample, z yθ= . 

1 11 12 1 1

2 21 22 2 2
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The combined weight θ  in Table 2 was substituted into the dimensionless matrix, 
and the comprehensive safety evaluation value of the experimental sample was ob-
tained, as shown in Table 4. 

Table 4. Comprehensive evaluation value of safety of experimental samples. 

Bridge number 1z  2z  3z  4z  5z  

Value evaluation by coefficient of variation method 0.8852 0.1476  0.4236 0.1613 0.5416 

The entropy weight method evaluates the value 0.8749 0.1327 0.4095 0.1610  0.5373

Comprehensive valuation 0.8786 0.1381 0.4146 0.1611 0.5389 

In order to express each result in the form of a three-dimensional graph, we can use 
the plot3 function of MATLAB to draw a three-dimensional graph,As shown in Figure 
1. Figure 1 Visualized the comprehensive influence of different weighting methods 
(coefficient of variation, entropy weight and game combination weighting) on bridge 
safety evaluation value through three-dimensional space. Represents the score of the 
comprehensive safety evaluation value (z axis) of different weighting schemes (x axis) 
in different Bridges (y axis). 
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Figure 1. Three-dimensional graph of scheme scores and weights 

The case data is substituted into the portfolio-based empowerment risk assessment 
and compared with other risk assessment methods8. The results are shown in the fol-
lowing Table 5: 

Table 5. Comparison between risk assessment based on portfolio empowerment and other as-
sessment methods 

Bridge num-
ber 

Combinatorial 
weighting 

Variation 
method 

Entropy 
weight  

Actual rockburst
grade 

1 I Ⅱ I I 

2 III  III  III  III  

3 II II II II 

4 III  III  II III  

5 III  III  III  III  

Through the case analysis of 5 Bridges in Wuhan, China, the results show that the 
combined weighting risk assessment method is more consistent with the actual situa-
tion. For No. 1 bridge and No. 4 bridge, the combined weighted risk assessment showed 
higher accuracy than the entropy weight method and variation method respectively, 
which verified the accuracy and practicability of the model. At the same time, in the 
evaluated lot, the safety risk of bridge 1 is assessed as level 1, indicating that the site 
construction and engineering maintenance conditions of the bridge are good, and only 
daily maintenance is required. In addition, Bridges No. 2 and No. 4 are rated as Level 
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III, showing higher safety risks, and therefore require special attention in inspection 
and maintenance. 

In summary, bridge safety risk assessment based on combination empowerment pro-
vides an important method for bridge safety management, and provides a reference for 
subsequent safety prevention and inspection and repair implementation. The combined 
weighting method can be used to evaluate and predict the safety risk of bridge more 
effectively, so as to improve the safety and stability of bridge. 

5 Conclusions 

A bridge safety assessment proposed model based on combination weighting. By con-
structing the bridge safety assessment index system, a combination weighting method 
based on game theory optimization is adopted to determine the weight of indicators. 
The main conclusions are as follows: 

1. The game optimization method of coefficient of variation method and entropy 
weight method is adopted in the bridge safety assessment model, which combines the 
advantages of the two methods to improve the accuracy and reliability of decision-
making and make the assessment results more reliable and meaningful for reference. 

2. Practical case analysis and application: The safety assessment of 5 Bridges in 
Wuhan, China was carried out, and the results showed that the assessment method 
based on combination empowerment was in good agreement with the actual situation. 
The results show that this model improves the accuracy of bridge safety assessment, 
and verifies its effectiveness and practicability in practical application. 
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