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Abstract: In order to improve the ability of Expressway to deal with sudden traffic accidents, increase 
the redundancy of accident operation and maintenance, and then improve the operation and 
maintenance toughness of Expressway sections. In this paper, the safety toughness theory is 
introduced into the safety management of the operation and maintenance site of the high-speed 
section, and combined with the characteristics of the highway section In this paper, the safety 
toughness theory is introduced into the safety management of the operation and maintenance site of 
the high-speed section, and combined with the characteristics of the high-speed section , based on 
the five characteristics of the toughness theory, the main factors of the safety toughness of the high-
speed operation and maintenance are identified by using the word frequency analysis (WFA), and 
the nonlinear mapping relationship between the system classification and the characteristics of the 
toughness is considered to be the most important factor. characteristics of the toughness is considered 
to build the safety toughness evaluation system of the operation and maintenance toughness of the 
high-speed operation and maintenance are identified by using the word frequency analysis (WFA), 
and the nonlinear mapping relationship between the system classification and the highway; The 
interval analytic hierarchy process critical (iahp-critical) method and the minimum information 
identification principle are used to weight the subjective and objective weights of the operation and 
maintenance safety toughness index, which solves the fuzziness problem of the traditional interval 
analytic hierarchy process in traditional interval analytic hierarchy process in calculating the weights; 
The improved dung beetle algorithm extreme learning machine (dbo-elm) The improved dung beetle 
algorithm extreme learning machine (dbo-elm) comprehensive evaluation method is used to 
establish the evaluation model of highway operation and maintenance toughness, operation and 
maintenance safety toughness; The WFA-CRITICAL-IAHP-DBO-ELM evaluation model is applied 
to a section of Chang Zhang expressway. 

Keywords: high speed operation and maintenance toughness assessment; Dbo-elm model; Interval 
hierarchy; Combination weighting; Word frequency analysis 
 

0. Introduction 

Since the 18th Party Congress, emphasis has been placed on improving the quality and efficiency 
of economic development, and it has been clearly stated that China's economy has shifted from a 
stage of rapid growth to a stage of high-quality development. The report of the 20th CPC National 
Congress emphasized that the layout, structure, functions and system integration of infrastructure 
should be optimized, and a modern infrastructure system should be constructed. Highway is an 
important embodiment of the infrastructure system, as a basic, pioneering and strategic industry of 
the national economy and an important service facility, ensuring the smooth and safe operation of 
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highways is of great significance in promoting the healthy development of the national transportation 
industry. 

2024 Highway completed 192 kilometers, reached 8613 kilometers, ten years, highway 
construction adhere to the national strategy, the implementation of a number of landmark major 
projects. Located in Hunan Province, the highway connecting Yuelu District of Changsha City and 
Yongding District of Zhangjiajie City, referred to as "Changzhang Expressway", is one of the liaison 
routes of China's national expressway network Erlianhot-Guangzhou Expressway (National 
Expressway G55), with a total route length of 309.762 km (including municipalized sections). 
section).Between 4:26 p.m. and 4:39 p.m. on February 8, 2013, four consecutive road traffic accidents 
of chain collision occurred successively in the section of Shanzhuanwan Bridge in Dingcheng District, 
Changde City of Changde City on the Changzhang Expressway, resulting in a total of 16 deaths, 46 
injuries, and a direct economic loss of about more than 9 million yuan.On March 22, 2019, a 
spontaneous combustion accident occurred in a bus at the service area of the Prince Temple in the 
Hanshou section of the Changde section of the Changzhang Expressway , the accident caused 26 
deaths and 28 injuries (including 5 serious injuries).2024 In the early morning of December 25, an 
ambulance collided with a van and overturned at the Yiyang section of the Changzhang Expressway 
in Hunan Province, resulting in the inadvertent death of a person. Behind a series of shocking 
accidents, it has caused the society to pay attention to the safety of highway system, and under the 
current research, it is still necessary to further study its toughness influencing factors and analyze its 
enhancement path with innovative methods in the stage of highway system operation and 
maintenance safety. 

Toughness was first used by ecologist Holling to describe the ecosystem suffered a perturbation 
after the rapid recovery of the original state and to maintain its structure and function of the 
characteristics, and then with the use of toughness theory in the transportation system, engineering 
systems, and so on, which produces resilience science (Resilience Science). In order to enhance the 
highway operation and maintenance operation and maintenance toughness site of the anti-
interference ability, increase the operation and maintenance site redundancy, and then improve the 
urban transportation project operation and maintenance toughness, highway system operation and 
maintenance safety toughness for the object of study, the safety toughness theory introduced into the 
highway system of safety management and combined with the characteristics of the highway system, 
the study of highway system operation and maintenance stage toughness impact factors and the 
importance of the degree of assessment, so as to put forward the The improvement path of highway 
system operation and maintenance stage safety. 

Combing through the domestic and international literature, scholars at home and abroad have 
already launched research on the toughness of highway systems. Jie Li0 et al. proposed a road 
network resilience evaluation method based on the combined empowerment-cloud model in order 
to formulate a strategy to enhance the traffic resilience of highway networks, and comprehensively 
evaluated the road network topology indicators and traffic operation state indicators; Pengcheng 
Xu[2] et al. focused on the congestion characteristics of highway networks, established a congestion 
resilience evaluation method based on the seepage theory of the highway network, and verified the 
analysis by taking the example of highway network in a province  Lin Peiqun[3] et al. in order to 
quantify the impact of traffic closure on the connectivity of highway network, based on the P-space 
mapping method, incorporating the passenger and freight traffic flow to establish a weighted 
network of highways, and combined with the multivariate characteristic gravitational model to 
design the centrality index of the weighted network; Wu Xiumei[4] et al. in response to the problem 
of safety hazards of the highway bridge project construction caused by the insufficient safety 
management in the process of traffic construction, based on the traditional entropy weight-
approximation ideal solution sorting method, using statistical detection method to screen and 
secondary collection of outliers, while choosing entropy weight method to optimize weight 
assignment, constructing bridge engineering safety toughness evaluation model based on entropy 
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weight-improved TOPSIS method to realize quantitative evaluation of bridge engineering safety 
toughness. 

In the field of infrastructure research, past academic discussions have mainly centered on the 
resilience evaluation system in the construction phase of highway projects. Researchers at usually 
construct evaluation models with the help of entropy weight method, cloud model and other 
technical means , Yuan Dongliang[5] et al. put forward a maturity evaluation model of intelligent 
construction application based on combined empowerment-cloud model for the requirements of the 
new era and the new infrastructure on intelligent construction and combined with the theory of 
capability maturity; Gao Yuqin[6] et al. constructed an evaluation index system of urban flood 
resilience containing 4 first-level indexes and 20 second-level indexes in 4 aspects, based on the 
response process of the urban system in response to the flooding events, and on this basis, the 
evaluation index system of urban flood resilience is constructed through a topological hierarchical 
system. Gao Yuqin et al. based on the response process of urban system to flood events, constructed 
an evaluation index system of urban flood resilience containing 4 first-level indicators and 20 second-
level indicators from 4 aspects, based on which, subjective and objective assignments were made to 
the indicators through topological hierarchical analysis and entropy weighting, and put forward the 
urban flood resilience evaluation method based on the combination of assignment and cloud model. 
Chen Li[7] et al. proposed the evaluation of entropy weighting in combination with the cloud model 
based on the relevant research on the green smart city at home and abroad. Liu Dan[8] et al. adopted 
the entropy weighting method for the prevention of accident risk in fine chemical parks. Ltd.[9] et al. 
for the prevention of accident risk in fine chemical parks adopt entropy weight method to determine 
the weight of evaluation indexes and use cloud model to evaluate the vulnerability level of fine 
chemical parks, and finally take three typical fine chemical parks as an example to carry out case 
analysis to verify the reasonableness and validity of the method. Chen Hongbing et al. proposed an 
evaluation model of the effect of urban rail transit cross-line operation based on AHP-entropy right-
can be topological cloud model in order to evaluate the effect of urban rail transit cross-line operation 
in an objective and comprehensive way. These results provide a good basis for decision-making in 
related fields. These results provide valuable references for decision-making in related fields and 
have certain practical guidance significance. However, when facing a large-scale complex network 
such as rail transit, it is extremely difficult to realize a completely accurate inference with the 
increasing scale of extremely large groups in the network structure. 

In dealing with uncertainty and subjectivity, WFA (Word Frequency Analysis) can quickly 
extract information in a flexible way[10] . However, the determination of weights needs to rely on 
specific experience or complex data preprocessing.CRITIC (Conflict Indicator-based Objective 
Weighting Method) has a strong objectivity in determining the weights by analyzing the variability 
of the data and the conflict between indicators[11] . However, the calculation process of this method 
becomes cumbersome when facing data with high dimensions and complex correlations. IAHP 
(Interval Hierarchical Analysis) can effectively take into account the uncertainty in decision-making 
when constructing complex decision-making systems, providing a more systematic framework for 
multi-objective decision-making, which is both flexible and practical, but its calculation process is 
more cumbersome and relies heavily on the subjective judgment of experts[12] . DBO (Improved 
Dung Beetle Algorithm) shows strong ability in large-scale data feature extraction, which can 
effectively explore the potential features in the data and improve the accuracy of the analysis, but the 
training process requires high computational resources[13] , and when dealing with some data with 
extremely complex nonlinear relationships, it may be necessary to optimize the structure of the 
network. ELM (Extreme Learning Machine) has the features of fast learning speed and strong 
generalization ability, and is useful in fast processing and prediction. characteristics, it has obvious 
advantages in fast processing and prediction[14] . In view of the advantages and disadvantages of 
the above methods, this paper tries to combine five methods, namely, WFA, CRITIC, IAHP, DBO and 
ELM, to construct a WFA - CRITIC - IAHP - DBO - ELM model, which is used for the assessment of 
operation and maintenance and safety resilience of highway systems. In this model, WFA, CRITIC, 
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IAHP, DBO and ELM each play their own advantages, among which, WFA can flexibly extract the 
fuzzy information in highway operation and maintenance data, which lays the foundation for the 
subsequent analysis, CRITIC objectively determines the weights of each index to reduce the 
interference of subjective factors, and IAHP provides a systematic decision-making framework, 
which is helpful for the comprehensive consideration of various factors. DBO plays a key role in 
feature selection and extraction of massive highway operation and maintenance data, especially 
when dealing with a large amount of data such as traffic flow, facility status, etc. ELM can efficiently 
predict and evaluate the safety and resilience of highway systems by virtue of its fast learning and 
good generalization ability. ELM is able to meet the needs of highway system operation and 
maintenance sites for high accuracy and efficiency in complex decision-making environments, and 
outputs more comprehensive and accurate analysis results by comprehensively considering multiple 
evaluation indicators and factors, such as road conditions, traffic flow, aging degree of facilities, and 
safety management measures. Similar to the urban rail transit system, the operation and maintenance 
of highway systems and safety resilience to ensure smooth traffic and promote economic 
development is also of great importance. However, the current research on highway system 
operation and maintenance and safety toughness measurement and assessment is relatively lagging 
behind and needs to be improved. Based on this research background, this paper analyzes the 
potential risk factors in the operation and maintenance stage of highway systems, and proposes to 
adopt this new WFA - CRITIC - IAHP - DBO - ELM model to measure and assess the operation and 
maintenance and safety resilience of highway systems, aiming to provide more scientific and effective 
decision support for highway operation and maintenance management. 

By combining these methods, a comprehensive assessment of the highway system can be 
conducted from multiple dimensions. This innovative approach can not only effectively overcome 
the lack of adaptability of traditional methods, such as the entropy weight method, when dealing 
with large amounts of data, as well as the shortcomings of the cloud model in terms of complexity of 
the reasoning procedure and model maturity, but also build a more comprehensive, concise and 
adaptable analytical framework. Through this framework, it is expected to significantly improve the 
comprehensiveness and accuracy of the evaluation of highway system operation and maintenance 
and safety resilience, further promote the highway system operation and maintenance work to 
scientific progress, and ensure the efficient and stable operation of the entire highway operation and 
maintenance engineering system. 
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Figure 1. Research Technology Route. 

1. Highway Operation and Maintenance Resilience Assessment Indicator 
System 

In order to deeply study and enhance the resilience of highway roadway operation and 
maintenance, this study adopts a series of systematic approaches in order to construct a 
comprehensive assessment index system. First, through directed review of relevant literature at home 
and abroad and interviews with actual staff of the highway system, we obtained rich background 
information and professional insights. Subsequently, we searched the authoritative search platforms, 
such as China Knowledge Network Index (CNKI) and Web of Science, for "highway traffic", 
"resilience theory", "risk assessment", "risk management", "risk management", "risk assessment", "risk 
assessment", "risk management", "risk management", and "risk management". ", "operation and 
maintenance safety", "toughness evaluation" and other keywords, from which 71 papers highly 
related to the topic of this study were screened out, see Exhibit 1.By analyzing the contents of these 
papers, the especially focusing on the key contents such as toughness indicators, evaluation 
indicators, influence factors and indicator system, 150 indicators closely related to highway system 
operation and maintenance toughness were extracted. Further, the frequency of occurrence of each 
indicator was counted, and the indicator items with a frequency of more than 4 times were screened 
out, and similar indicators were grouped together, and 30 resilience indicators with uniqueness and 
representativeness were finally identified. Based on the basic principles of toughness theory and the 
actual characteristics of the freeway system, we scientifically divided these indicators into five first-
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level indicators, namely, stability, redundancy, adaptability, resilience and drive, and further 
subdivided them into a number of second-level and third-level indicators, thus constructing a 
complete and systematic freeway system toughness assessment index system, see Table 1. The 
construction of this index system not only provides powerful decision support for the operation and 
maintenance management of urban freeway system, but also lays a solid foundation for future in-
depth research and technical application. 

Table 1. Highway operation and maintenance Resilience Assessment Metrics System. 

Level 1 indicators 
Secondary 

indicators 
Tertiary indicators 

serial 

numbe

r 

Highway Traffic Operations and 

Maintenance Resilience Assessment 

stability 

Environmental and equipment 

monitoring system coverage 
A1 

5KM coverage of highway 

entrances and exits 
A2 

Status of equipment and 

facilities 
A3 

meteorological disaster A4 

Road network density A5 

Proportion of disaster-prone 

emergency roads 
A6 

Passenger Safety Behavior Index A7 

Disaster early warning systems A8 

   

redundanc

y 

Vehicular access congestion B1 

Toll station density B2 

Peak traffic flow B3 

Vehicle loading on road sections B4 

Road area per capita B5 

   

flexibility 

Safety management system C1 

movement and command C2 

Operation level C3 

Dispatcher skill qualities C4 

Driver skill quality C5 

Skill quality of toll booth 

personnel 
C6 

High-speed maintenance staff 

business level 
C7 

Safety training and education C8 

   

restorative communication system D1 
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Electromechanical systems D2 

fire protection system D3 

power supply system D4 

water supply and drainage 

system 
D5 

Emergency response capacity D6 

   

driving 

force 

Regional GDP per capita E1 

Regional urbanization rate E2 

Regional GDP growth rates E3 

2. Portfolio Approach 

In the actual operation and maintenance evaluation of highways, it is easy to miss information 
only by human experience judgment, referring to Yang Tianjian (2024)[18] , Yan Hongyan (2024)[17] 
and others, the method of combining the subjective empowerment and objective empowerment is 
adopted. 

2.1. IAHP-Based Subjective Weight Determination 

IAHP is a method to deal with fuzzy problems under the condition of insufficient information, 
which can effectively reflect the uncertainty and fuzziness of things. Interval hierarchy analysis 
method (IAHP)[22][23] uses interval numbers instead of point values to describe its uncertainty, 
which can effectively weaken the subjective tendency in the process of expert evaluation, and is more 
suitable for the evaluation of operation and maintenance resilience of high-speed transportation 
projects. 

(1) Constructing an interval judgment matrix 

In this paper, we use 1~9 scale method to compare the operation and maintenance risk factors of 
highway operation and maintenance resilience, construct the number of intervals for expert 
evaluation of relative importance, and form a judgment matrix (1). 

Table 2. 1-9 Scale Quantization Rules. 

quantitative value Description of significance 

1 
Equal importance of the two indicators compared 

to each other 

3 The former is more important than the latter 

5 
The former is important compared to the two 

indicators 

7 
The former is very important when compared to 

the two indicators 

9 
The former is extremely important when compared 

to the two indicators 

2,4,6,8 Indicates the median value of adjacent judgments 

1/1,1/2,...1/9 𝑎௝௜ = 1/𝑎௜௝ 

show 
Quantitative values can be further refined 

according to the actual situation 
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12 12 1 1

21 21 2 2

1 1 2 2

[1,1] [ , ] [ , ]

[ , ] [1,1] [ , ]

[ , ] [ , ] [1,1]

l u l u
n n

l u l u
n n

l u l u
n n n n

a a a a

a a a a
A

a a a a

 
 
 
 
 
  




  


 (1) 
(2) Consistency test 
Calculate k and m with the following equations: 

U1

1

1n

n
j

ij
i

k
a



 


 (2) 

L1

1

1n

n
j

ij
i

m
a



 


 (3) 
The interval judgment matrix is in good agreement when k≤ 1  and m≥ 1  , otherwise this 

judgment matrix needs to be reconstructed. 
(3) Solving for weights 
In this paper, we refer to Yang Tianjian (2024) to calculate the weight vector Wz corresponding 

to the indicator based on the interval characteristic root method with the following formula. 

 1 2, , , , ,j n
z z z z zW w w w w  

 (4) 
( ) / 2L U

j j jka la  
 (5) 

1

/
n

j
z j j

j

w  


 
 (6) 

2.2. Determination of Objective Weights Based on the CRITIC Method 

The CRITIC method [ is a weighting method that calculates objective weights based on the 
amount of information in the objective data. Compared with the entropy weight method, the CRITIC 
method is more effective in reflecting the differences and conflicts between indicators. Assuming that 
there are m programs and indicators, the steps for determining the objective weights using the 
CRITIC method are as follows: 

(1) Standardization of indicators 
In order to harmonize multiple indicators to the same scale, standardization is required so that 

the indicators have the same genus of effectiveness. The treatment for different types of indicators is 
as follows. 

Benefit-based indicators: 
min( )

max( ) min( )
ij j

ij
j j

s s
s

s s
 



 (7) 

Cost-based indicators: 
max( )

max( ) min( )
j ij

ij
j j

s s
s

s s
 



 (8) 

(2) Calculation of indicator volatility and conflicts 
The volatility of an indicator is reflected by its standard deviation, the higher the standard 

deviation, the more useful information is reflected in it; the conflicting nature of an indicator is 
reflected by the correlation coefficient between the indicators, the stronger the correlation between 
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the indicator and the other indicators, the more repetitive the content of the indicator is, and the less 
useful the information is. 

The standard deviation and correlation coefficient were calculated as follows, respectively: 

ξ୨ = ට
ଵ

୫
∑ (୫
୧ୀଵ s୧୨

ᇱ − s୨
ᇱ)ଶ i = 1,2,⋯ , n (9)  

cov , / , 1,2, ,( ) ( )ij i j i jr S S i j n    
 (10) 

where iS   and jS  denote the i-th and j-th columns of S, respectively. 

(2) Objective weighting 

The information entropy of indicator j𝐼௝ can be expressed as 

1

(1 )
n

j j ij
i

I r


 
 (11) 

More information indicates that it has more useful information and the weights should be taken 
more. The formula for calculating the objective weight of indicator j is then. 

1

jj
k n

j
j

I
w

I





 (12) 

2.3. Combination Weights 

This paper determines the combination weights based on the principle of minimum 
discriminatory information, which is used to overcome the subjective or objective limitations in the 
selection of indicator weights by reducing the deviation of the combination weights from the 
subjective and objective weights of the indicators[24] . The mathematical model for determining the 
combination weights is as follows: 

1

1

min ( ln ln )

s.t. 1, 0 1,2, ,

n
j j

j ij j
i z k

n

j j
i

w w

i n

 
 

 






 




  






W


 (13) 

The resulting portfolio weights are obtained as: 

1

j j
z k

j n
j j
z k

i

w w
w

w w





 (14) 
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Figure 2. Combined Empowerment Flowchart. 

3. A DMO-ELM-Based Highway Operations and Maintenance Resilience 
Assessment Model 

Assessment Model Based on DBO Optimized Extreme Learning Machine A highway operation 
and maintenance toughness assessment model based on extreme learning machine (ELM) is 
proposed in response to the problems of low computational efficiency and poor applicability of 
traditional assessment methods, as well as the multiple indicators, multiple factors, and the subjective 
and nonlinear characteristics of the assessment results of high-speed toughness assessment. ELM 
eliminates the need for iterative computation, significantly reduces computational complexity and 
improves the speed of computation[24] . The assessment model is shown in equation (15). 

   
     1 1

*

, , , , , ,
L

L L

f x h x

h x G b x G b x


 

 


     
 (15) 

Where  Lf x  is the model function;  h x  is the response of the hidden layer with respect to x;

 1 1, ,G b x  is the hidden layer function; and β^ is the minimal-paradigm least-squares solution of 

the loss function. The selection of the parameters of the ELM model has a great influence on the 
accuracy of the performance evaluation, and based on the Dung Beetle Optimization Algorithm 
(DBO), we optimize the hidden-layer activation function, the number of neurons in the hidden layer, 
and regularization coefficients of the ELM by simulating the behaviors of dung beetles (e.g., dung-
ball rolling, reproducing, foraging, and stealing). The optimization of the hidden layer activation 
function, number of hidden layer neurons and regularization coefficients of ELM. In order to improve 
the convergence accuracy of the algorithm and avoid the local optimum problem, piecewise chaos 
mapping is used for population initialization to control the distribution of individuals; meanwhile, a 
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variable spiral search strategy is introduced to improve the breeding and foraging process to enhance 
the global search ability; and the theft behavior is optimized by levy flight random wandering to 
increase the perturbation of the solution and enrich the diversity of the population. Using the 
improved DBO algorithm to optimize the extreme learning machine highway operation and 
maintenance toughness effectiveness assessment model, to construct the highway operation and 
maintenance toughness safety, applicability, durability, protection, green economy, and the 
effectiveness of the rapid assessment model, ELM model algorithm flow is shown in Figure 3. 
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Figure 3. ELM algorithm flowchart. 

Based on the highway operation and maintenance resilience effectiveness assessment model 
algorithm established in the paper, input the model training parameters and sample library in Table 
3, use the unique thermal coding to eliminate the order relationship of the eigenvalues of the discrete 
indicators, and normalize the sample library to eliminate the quantitative outlines of different 
indicators. Iterative training 400 times, highway operation and maintenance resilience effectiveness 
assessment model of the fitness and the number of iterations as shown in Figure 4, in the first 
generation of stabilization, the minimum fitness is, the assessment model as shown in Figure 3, 
highway operation and maintenance resilience effectiveness assessment model parameters are 
shown in Table 3. 

 

Figure 4. ELM model structure. 

Table 3. Evaluation Model Training Parameters. 

 parameters 
retrieve a 

value 
parameters retrieve a value 

Scope of the 
search for 
excellence 

activation function 1~3*1 
population 

size 
40 

Number of hidden 
layer neurons 

2~25 
Maximum 
number of 
iterations 

400 

regularization factor 1~103   

 
1 The activation functions 1~3 shown in *1 are the corresponding activation functions "sig,sin,hardlim". 
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Figure 5. DBO-ELM convergence curves. 
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Figure 6. Comparison of model output errors. 

 

Figure 7. Model Test Set Output. 

Table 4. Assessment model parameters. 

Evaluation of 
model 

parameters 
Stability Redundancy Flexibility Restorative 

Driving 
force 

Operation 
and 

maintenance 
resilience 

activation 
function 

1 2 3 3 3 2 

Number of 
neurons 

[15] [20,24] [20,24] [20,24] [20,24] [20,24] 

Number of 
hidden layers 

70 70 70 70 70 70 

degree of 
adaptation 

1.234 1.267 1.598 1.564 1.259 1.267 

4. High-Speed Toughness Assessment Case Study 

4.1. Overview of Cases 

4.2. Data Collection 

Based on the subjective weights of G1 method High-speed operation and maintenance resilience 
assessment affects many factors, and the traditional hierarchical analysis method is more difficult to 
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pass the consistency test[26][27] , based on the high-speed operation and maintenance assessment 
index system, based on the improvement of the hierarchical analysis method - G1 method to design 
the questionnaire, and through the directional distribution, a total of 106 returned Effective 
responses, expert composition and weights are shown in Table 5. 

Table 5. Statistical Table of Expert Information. 

title high ranking high level middle level 
(in a 
hierarchy) 

junior 
ranking 

Goddard 
(name) 

quorum 10 32 25 33 2 
weights 0.25 0.20 0.15 0.10 0.30 

4.3. Highway System Operation and Maintenance and Safety Resilience Measurement Assessment 
Weighting Calculation 

Invite five experts and scholars who are familiar with highway traffic operation and 
maintenance projects and have in-depth research on toughness theory to compare the identified 
operation and maintenance safety toughness system sampling 1-9 scale method in the form of interval 
number two by two to give the judgment matrix, and give the first expert comparison results in terms 
of stability as an example: 

𝐴ଵଵ= 1 2 3 4 5 6 7 8( , , , , , , , )T T T T T T T T         

Table 6. Interdistrict Judgment Matrix. 

Expert 1 matrix 
bus 

route 

installat

ions 

hydrolo

gical 

(of a 

computer) 

run 

safegu

ard 

commu

ters 

catastro

phes 

matrix 
1.

00 

1.

00 

1.

00 

7.

00 

1.0

0 

5.0

0 

1.0

0 

5.0

0 
1.00 7.00 

1.

00 

3.

00 

1.

00 

7.

00 

1.0

0 

1.0

0 

bus route 
0.

14 

1.

00 

1.

00 

1.

00 

1.0

0 

7.0

0 

0.1

7 

1.0

0 
1.00 5.00 

0.

33 

1.

00 

0.

50 

1.

00 

0.1

7 

3.0

0 

installation

s 

0.

20 

1.

00 

0.

14 

1.

00 

1.0

0 

1.0

0 

0.2

0 

7.0

0 
1.00 5.00 

0.

50 

1.

00 

0.

50 

1.

00 

1.0

0 

7.0

0 

hydrologic

al 

0.

20 

1.

00 

1.

00 

6.

00 

0.1

4 

5.0

0 

1.0

0 

1.0

0 
1.00 1.00 

1.

00 

3.

00 

1.

00 

3.

00 

1.0

0 

1.0

0 

(of a 

computer) 

run 

0.

14 

1.

00 

0.

20 

1.

00 

0.2

0 

1.0

0 

1.0

0 

1.0

0 
1.00 1.00 

1.

00 

7.

00 

1.

00 

5.

00 

0.5

0 

1.0

0 

safeguard 
0.

33 

1.

00 

1.

00 

3.

00 

1.0

0 

2.0

0 

0.3

3 

1.0

0 
0.14 1.00 

1.

00 

1.

00 

1.

00 

7.

00 

1.0

0 

7.0

0 

commuters 
0.

14 

1.

00 

1.

00 

2.

00 

1.0

0 

2.0

0 

0.3

3 

1.0

0 
0.20 1.00 

0.

14 

1.

00 

1.

00 

1.

00 

1.0

0 

7.0

0 

catastroph

es 

1.

00 

1.

00 

0.

33 

6.

00 

0.1

4 

1.0

0 

1.0

0 

1.0

0 
1.00 2.00 

0.

14 

1.

00 

0.

14 

1.

00 

1.0

0 

1.0

0 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 January 2025 doi:10.20944/preprints202501.1400.v1

https://doi.org/10.20944/preprints202501.1400.v1


 16 of 24 

 

The expert weights2ω = (0.3,0.15,0.25,0.1,0.2) ,the interval judgmentalness matrix is calculated 
based on the experts and the consistency matrix is: 

𝐵ଵ= 1 2 3 4 5 6 7 8( , , , , , , , )T T T T T T T T         

Table 7. Consistency Matrix. 

Consistency 

matrix B 

mat

rix 

bus 

route 

installat

ions 

hydrolo

gical 

(of a 

computer) 

run 

safegu

ard 

commu

ters 

catastro

phes 

matrix 
1.13

9  
1.254  1.279  1.236  1.318  1.304  1.297  1.337  

bus route 
1.09

6  
1.139  1.183  1.192  1.271  1.258  1.243  1.265  

installations 
1.13

2  
1.183  1.139  1.180  1.222  1.284  1.259  1.220  

hydrological 
1.09

5  
1.203  1.229  1.139  1.240  1.206  1.216  1.256  

(of a 

computer) 

run 

1.09

8  
1.228  1.239  1.135  1.139  1.198  1.229  1.293  

safeguard 
1.12

9  
1.183  1.226  1.177  1.259  1.139  1.175  1.283  

commuters 
1.12

3  
1.154  1.177  1.173  1.253  1.137  1.139  1.252  

catastrophes 
1.05

9  
1.129  1.152  1.129  1.185  1.194  1.193  1.139  

Calculate the consistency matrix weights, combine the interval judgment matrix with the 
consistency matrix to obtain the two-end extreme deviation matrix, the consistency matrix and the 
two-end extreme deviation matrix are as follows and use the SPA method to refine the interval 
weights[17] , to obtain the IAHP weights as: 

Table 8. IAHP Weights. 

wj 
matr

ix 

bus 

route 

installati

ons 

hydrolog

ical 

(of a 

computer) run 

safegu

ard 

commut

ers 

catastrop

hes 

weig

hts 

0.22

7 
0.109 0.102 0.142 0.098 0.129 0.102 0.091 

The weights calculated by the CRITIC weighting method are: 

Table 9. CRITIC weights. 

Wi 
matr

ix 

bus 

route 

installati

ons 

hydrolog

ical 

(of a 

computer) run 

safegu

ard 

commut

ers 

catastrop

hes 

 
2 After quantifying the experts' qualifications on a Likert scale, weights were assigned after a comprehensive evaluation 
based on the total composite qualification score. 
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weig

hts 

0.12

1 
0.287 0.102 0.095 0.095 0.126 0.096 0.078 

Based on the principle of minimum discriminatory information, the combined weight of the 
portfolio combination assignment is determined as: 

ω= (0.171,0.183,0.105,0.120,0.100,0.132,0.102,0.087), repeat the above steps, in summary, highway 
operation and maintenance safety resilience evaluation index weights are shown in Table 10. 

Table 10. Highway operation and maintenance Safety Resilience Evaluation Indicator Weights. 

Level 1 

indicators 

Tier 1 

indicator 

weights 

Secondary indicators 

Weighting of 

secondary 

indicators 

serial 

numbe

r 

 

stability 0.293 

Environmental and equipment 

monitoring system coverage 
0.171 A1  

5KM coverage of highway 

entrances and exits 
0.183 A2  

Status of equipment and facilities 0.105 A3  

Meteorological and 

environmental disasters 
0.120 A4  

Road network density 0.100 A5  

Proportion of disaster-prone 

emergency roads 
0.132 A6  

Passenger Safety Behavior Index 0.102 A7  

Disaster early warning systems 0.087 A8  
      

redundan

cy 
0.050 

Corridor congestion 0.480 B1  

Toll station density 0.104 B2  

Peak traffic flow 0.134 B3  

Vehicle loading on road sections 0.179 B4  

Road area per capita 0.103 B5  
      

flexibility 0.068 

Safety management system 0.202 C1  

movement and command 0.106 C2  

Operation level 0.121 C3  

Dispatcher skill qualities 0.125 C4  

Driver skill quality 0.125 C5  

Skill quality of station staff 0.081 C6  

Maintenance staff business level 0.119 C7  

Safety training and education 0.122 C8  

      

restorativ

e 
0.186 

communication system 0.190 D1  

Electromechanical systems 0.238 D2  

fire protection system 0.181 D3  

power supply system 0.177 D4  
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water supply and drainage 

system 
0.107 D5  

Emergency response capacity 0.107 D6  

      

driving 

force 
0.403 

GDP per capita 0.460 E1  

urban rate 0.268 E2  

Regional GDP growth rates 0.273 E3  

4.4. Analysis of Case Results 

This case selects an accident-prone place in the highway section from Changsha to Zhangjiajie 
(Changzhang Expressway) for operation and maintenance resilience assessment. As an important 
transportation artery in Hunan Province, this road section carries a large number of passenger and 
cargo transportation tasks, and its operation and maintenance safety resilience is of great significance 
in ensuring smooth traffic flow and reducing the accident rate. The accident-prone area is located in 
the mountainous area of a section of the Changzhang Expressway, where complex terrain, changing 
weather conditions, and high traffic flow have led to frequent traffic accidents, posing a serious 
challenge to the operation and maintenance management of the expressway. In order to 
comprehensively assess the operation and maintenance resilience in this accident-prone area, we 
used a variety of data collection methods, including on-site surveys, historical accident data analysis, 
and expert interviews. Through on-site investigation, we learned about the topography, climate 
conditions, and traffic facilities of the roadway; through historical accident data analysis, we learned 
about the types, frequency, and causes of accidents on the roadway; and through expert interviews, 
we gained professional insights and suggestions on highway operation and maintenance 
management. 
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Figure 8. Schematic diagram of Changzhang Expressway. 

Table 11. Summary of operation and maintenance Resilience Indicators for High Speed Sections. 

norm 

serial 

numbe

r 

sc

or

e 
x  Description of indicators 

Environmental and equipment 

monitoring system coverage 
A1 

97.

77 

38.

46 

Number of environmental and 

equipment monitoring systems/100KM 

Highway entrances and exits 

5KM coverage 
A2 

98.

08 

26.

30 
Number of highway entrances/5KM 

Status of equipment and facilities A3 
90.

88 
6 field investigation 

Frequency of meteorological and 

environmental disasters 
A4 

90.

50 

0.1

5 
Times/month 

Road network density A5 
91.

67 

78.

23

% 

Density of road network 

Proportion of disaster-prone 

emergency roads 
A6 

96.

38 

40.

00

% 

% 
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Passenger Safety Behavior Index A7 
93.

15 

3.7

9 
field investigation 

Disaster early warning systems A8 
92.

95 

3.8

2 
field investigation 

     

Corridor congestion B1 
93.

39 

3.9

0 
field investigation 

Toll station density B2 
95.

25 

0.0

2 
Number of toll booths/100KM 

Peak traffic flow B3 
87.

31 
8 Trips/h 

Vehicle loading on road sections B4 
84.

52 

0.0

5 
Total weight/section area 

Road area per capita B5 
99.

52 
2.3 

Roadway area of roadway/number of 

passengers 

     

Safety management system C1 
81.

62 

3.8

4 
field investigation 

movement and command C2 
95.

71 

3.9

1 
field investigation 

Operation level C3 
86.

19 

3.7

8 
field investigation 

Dispatcher skill qualities C4 
99.

13 

3.8

4 
field investigation 

Driver skill quality C5 
93.

19 

3.9

8 
field investigation 

Skill quality of station staff C6 
97.

44 

3.9

1 
field investigation 

Maintenance staff business level C7 
92.

68 

3.9

1 
field investigation 

Safety training and education C8 
91.

95 

3.7

9 
field investigation 

     

communication system D1 
92.

12 

3.9

1 

Frequency of systematic sampling 

passes 

Electromechanical systems D2 
86.

11 

3.8

1 

Frequency of systematic sampling 

passes 

monitoring system D3 
87.

44 

3.7

9 

Frequency of systematic sampling 

passes 

power supply system D4 
92.

14 

3.8

8 

Frequency of systematic sampling 

passes 
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drainage system D5 
97.

83 

3.9

4 

Frequency of systematic sampling 

passes 

Emergency response capacity D6 
80.

09 

3.8

0 
field investigation 

     

GDP per capita E1 
98.

08 

13.

21 
Gross regional product/population 

urban rate E2 
90.

88 

78

% 
Percentage of cities and towns 

Regional GDP growth rates E3 
90.

50 
5% Regional GDP growth rates 

Table 12. Summary of results for assessment indicators. 

Assessment 
of indicators 

stability redundancy flexibility restorative 
driving 

force 

Operation and 
maintenance 

resilience 
Assessment 

results 
92.23 86.24 88.26 86.21 89.32 90.36 

assessment 
level 

talented favorable favorable favorable favorable talented 

Table 13. Model Performance Comparison Parameters. 

mould MAE MSE MAPE 
ELM 0.0697 0.0179 0.0390 
DBO-ELM 0.00134 0.00178 0.0290 

5. Conclusions and Recommendations 

In response to the findings of the assessment, the following recommendations and measures are 
proposed: 

(1) Constructing a highway system operation and maintenance and safety resilience 
measurement system. This study combines the five characteristics of resilience theory and uses the 
WFA method to identify the drivers of highway system operation and maintenance safety resilience. 
At the same time, considering the nonlinear mapping relationship between system classification and 
toughness feature elements, a highway transportation project operation and maintenance toughness 
evaluation system is constructed, aiming to measure the safety toughness of the highway system 
operation and maintenance phase, and then improve the highway transportation project operation 
and maintenance site safety. 

(2) Establish the evaluation model of highway system operation and maintenance and safety 
resilience measurement. This study utilizes the IAHP-CRITIC method to solve the ambiguity 
problem existing in the traditional interval hierarchical analysis method for calculating the weights, 
making the evaluation results more accurate and reliable. The DBO-ELM comprehensive evaluation 
method with improved extreme learning machine further enhances the comprehensiveness and 
systematicity of the evaluation, and concludes that the weights of the toughness level 1 evaluation 
indexes are in the overall order of stability>drivenness>adaptability>redundancy>recovery, which 
provides strong support for the quantitative evaluation of the highway system operation and 
maintenance and safety toughness measurement. strong support. 
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(3) Evaluation index system and evaluation model validation of highway system operation and 
maintenance and safety toughness measurement. By evaluating the practical application case of one 
of the accident-prone places in the highway section from Changsha to Zhangjiajie (Changzhang 
Expressway), the results of the study show that the evaluation results of the operation and 
maintenance and safety toughness of the Changzhang Expressway in terms of the congestion of the 
corridor and the peak flow of people are high toughness, while the other aspects are medium 
toughness. The feasibility and effectiveness of the evaluation model proposed in this paper are 
verified. The model can not only effectively shorten the accident recovery time and avoid the 
occurrence of secondary disasters, but also reduce the occurrence of safety accidents at the operation 
and maintenance site, which is of great significance for improving the overall safety level of the 
highway system. 

In order to ensure the stability of the highway system, as well as to guarantee the absolute safety 
of passengers, the standard of operation and maintenance and safety resilience measurement needs 
to be upgraded urgently to meet the safety and reliability needs. Therefore, the evaluation model 
proposed in this study will need to be further improved and optimized to meet the new needs and 
challenges. At the same time, the model can also provide a reference and reference for the safety 
toughness evaluation of other similar projects and provide strong support for the safety development 
of the highway transportation industry. Optimize traffic facilities: increase the number of toll booths 
to improve the handling capacity of peak traffic flow; strengthen the monitoring of vehicle loading 
on road sections and take timely measures to alleviate congestion; expand the per capita road area to 
improve road capacity. Enhance the level of operation and maintenance management: strengthen the 
dispatching command and operation operation level training, improve the skill quality of dispatchers 
and drivers; strengthen the implementation of the safety management system to ensure that all 
systems are effectively implemented. Strengthen emergency response capability: improve the water 
supply and drainage system and emergency response mechanism to improve the ability to respond 
to emergencies; strengthen collaboration and linkage with other departments to form a joint effort to 
respond to emergencies. Introducing intelligent technology: optimize the operation and maintenance 
management process by using big data, cloud computing and other intelligent technologies to 
improve the efficiency and accuracy of operation and maintenance; strengthen the intelligent 
monitoring and early warning capability of equipment and facilities, and discover and deal with 
potential risks in a timely manner. 

In summary, through the assessment of operation and maintenance resilience of the accident-
prone Changsha-Zhangjiajie (Changzhang Expressway) highway section, we have found the 
deficiencies in operation and maintenance management of this section and put forward 
corresponding suggestions and measures. The implementation of these recommendations and 
measures will help to improve the operation and maintenance safety resilience level of this road 
section, reduce the occurrence of traffic accidents, and protect the travel safety of the people. 
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