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Application of Matter-element Theory for Systematic Safety Risk Grading on Expressways

Abstract: Traditional risk assessment methods for expressways cannot accurately evaluate in a dynamic manner and have certain limitations. The model established by the matter-element extension method can handle uncertainty and fuzziness dynamically and is a new type of mathematical model. This paper takes road alignment, subgrade and pavement, traffic safety facilities, and traffic environment as evaluation indicators, and uses the matter-element extension method to establish an evaluation model and calculate the results. The model effect is verified by the Xin-Yi Expressway. According to the calculation, the Xin-Yi Expressway is divided into 14 sections of low-risk level (Level I), 16 sections of relatively low-risk level (Level II), and 0 sections of general and high-risk levels. This paper finds that the safety risk classification model established by the matter-element extension method has certain feasibility and applicability and can dynamically evaluate the safety risk indicators of road sections based on traffic factors.
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0 Introduction
With the development of transportation industry, the number of highway safety accidents has been increasing year by year, causing many casualties and property losses. Therefore, it is very necessary to classify the safety of highways. By classifying the risk and safety of highways, the relationship between traffic factors and accidents can be analyzed, potential safety risks and key factors of highways can be identified, and the safety level of highways can be improved and enhanced. It can also lay a good foundation for the refined design of traffic safety facilities.
In recent years, scholars at home and abroad have conducted in-depth research on the safety classification of highways. Liu Tangzhi et al. [2] used the entropy weight method to conduct safety risk assessment on highway interchanges, dividing each section of the highway interchange into risk levels and providing corresponding measures and suggestions. He Yulong [3] conducted a study on traffic factors such as weather and road linearity, and used the theory of uncertain measures to evaluate the safety of a highway in Hunan Province, verifying the feasibility of the model theory. Cheng Wei et al. [4] constructed a tree augmented Bayesian network prediction model based on 1939 traffic accidents, and quantitatively analyzed the factors through data fusion to identify key causal factors; Li Xun [5] established a highway safety evaluation model based on safety level classification and combined it with six highways in Henan Province to determine risk factors. Then, the safety level of highways was classified using the rank sum ratio method. Xue Feng [6] proposed a tunnel safety risk assessment method based on Analytic Hierarchy Process and cloud model, with tunnels as the research object. Quyang et al. [7] constructed a tunnel conflict prediction model by setting parameters such as clear distance between tunnels, traffic volume, number of lanes, and distance between vehicles, and using negative binomial regression method to effectively evaluate the safety risk status between adjacent tunnels. Gedefaye Geremew [8] Assessing and predicting crash dynamics with and without road safety measures on the Dejen to Bahir Dar highway in Ethiopia，It was found that the safety facilities in different environments exhibited different behaviors after a vehicle collision. Irene Nandutu [9]and others employed drone technology and computer vision algorithms to identify and detect wildlife fences and related features, analyzed the impact of traffic safety facilities on wildlife crossing, and established an evaluation model.
In summary, most existing research on highway safety risk assessment uses traditional methods to explore the impact of various traffic factors on the safety level of highways. Without dynamic exploration of the relationship between traffic factors, there are certain limitations. The expressway is a complex system composed of "people, vehicles, roads, and environment", where various traffic factors interact with each other and have a certain degree of uncertainty and ambiguity. Among them, human factors are more subjective, while cars, roads, and environment are objective factors. Objective factors dominate the causes of traffic accidents, with road environment being the most critical factor. Therefore, this article establishes an evaluation index system based on factors such as road linearity, roadbed and pavement, traffic safety facilities, and traffic environment. Based on the Xinyi Expressway, the material element extension method is used to classify the risk and safety of the expressway. This method uses correlation functions to transform actual problems into formal problem models for scientific analysis. This method is both easy to operate and ensures the effectiveness of the results. This article first divides the Xinyi Expressway into five types of sections: straight, curved, curved slope, longitudinal slope, and tunnel. Based on the safety impact factors of the expressway, a safety risk classification index system is established from four levels: road alignment, roadbed and pavement, safety facilities, and traffic environment. Combined with standard specifications, the grading and quantification score standards of the indicators are determined. The entropy weight method and combination weight method are used to weight the indicators, and the matter element extension theory is used to establish a safety risk assessment model, realizing the quantification of micro section safety risks of the Xinyi Expressway.
1.Section division and risk assessment of expressway
1.1 Division of Expressway Sections
The methods for dividing highway sections can be divided into fixed length method and non fixed length method. The fixed length method is a method of manually defining the division length, which is simple to operate, but has the disadvantages of low accuracy and strong subjectivity; The non fixed length method uses a certain attribute of the road (traffic volume, horizontal and vertical alignment indicators, number of lanes, etc.) as the basis for division, and the length of the divided road sections is different, with strong characteristics and good persuasiveness.
This section of the text divides the road based on the "Safety Evaluation Specifications for Highway Projects" (JTG B05—2015). According to the indicators of horizontal and vertical alignment, the expressway is divided into five types of sections: straight, ascending slope, horizontal and curved, turning slope, and tunnel. The division criteria are shown in Figure 1.
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Figure 1: Road segment division criteria
1.2 Establishment of safety risk indicator system
Based on the analysis of factors affecting highway safety and combined with existing research results on safety risk assessment, we select and discard objective safety influencing factors, and choose four aspects: road alignment, subgrade and pavement, safety facilities, and traffic environment to construct a safety risk assessment index system, as shown in Figure 2.
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Figure 2: Indicator System for Highway Safety Risk Assessment

1.3 Quantification and value standard of evaluation indicators
To scientifically and reasonably assess the safety risks of individual sections of expressways, the indicator grading standards are established by referencing expressway design specifications, standards, and research findings. Each indicator is classified into four levels: low, lower, medium, and high, using interpolation or extrapolation methods. The lowest quantifiable score is 0, and the highest is 100. The grading and quantifiable scoring standards for expressway safety risk assessment indicators are shown in Table 1.
Table 1 Grading and Quantitative Scoring Criteria for Evaluation Indicators
	
	Description
	Small
	Smaller
	Moderate
	High risk
	According 

	
	
	0~25
	25~50
	50~75
	75~100
	

	Radius of the horizontal curve
	80
	>1500
	1500~700
	700~400
	<400
	①②

	
	100
	>3000
	3000~1500
	1500~700
	<700
	

	
	120
	>4000
	4000~2000
	2000~700
	<700
	

	Longitudinal slope length
	80
	200~900
	900~1000
	1000~1100
	>1100
	①②

	
	100
	250~800
	800~900
	900~1000
	>1000
	

	
	120
	300~700
	700~800
	800~900
	>900
	

	Longitudinal slope
	80
	<2.5
	2.5~4
	4~5
	>5
	①②

	
	100
	<2
	2~3
	3~4
	>4
	

	
	120
	<1.5
	1.5~2
	2~3
	>3
	

	Parking sight distance
	——
	>240
	240~180
	180~120
	<120
	1 ②

	Bridge and Tunnel Safety
	Compliance with specifications
	0~25
	25~50
	50~75
	75~100
	1 ②⑦

	Roadbed cross section
	Has it changed
	Excellent
	Satisfactory
	Average
	Poor
	1 ⑦

	Roadside safety clearance zone
	——
	2.5~2
	2~1.5
	1.5~1
	<1
	1 ⑦

	Ultra-high satisfaction rate
	——
	100~90
	90~80
	80~70
	70~0
	1 ⑦

	Traffic signs and markings
	Level of facility perfection
	0~25
	25~50
	50~75
	75~100
	④⑤

	Crashworthiness level of guardrail
	Crash resistance performance
	500~400
	400~280
	280~160
	160~0
	2 ④

	Sight guidance facility
	Visual range guidance facility
	0~25
	25~50
	50~75
	75~100
	3 ⑥

	Other facilities
	——
	0~25
	25~50
	50~75
	75~100
	4 ⑥

	Speed difference
	Speed difference between vehicle models
	<15
	15~30
	30~45
	>45
	②⑦

	Roadside environment
	Roadside hazards
	0~25
	25~50
	50~75
	75~100
	2 ⑦

	Proportion of large vehicles
	Proportion of large vehicles
	0~15
	15~25
	25~35
	>35
	②⑦

	Climate conditions
	Number of adverse weather days
	<15
	15~25
	25~35
	>35
	②⑦


Note: ① JTG D20-2017 Highway Route Design Specification; ② JTG B05-2015 Safety Evaluation Specification for Highway Projects; ③ JTG B05-01-2013 Safety Performance Evaluation Standards for Highway Guardrails; ④ JTG D81-2017 Design Specification for Highway Traffic Safety Facilities; ⑤ DB45/T 954-2020 Specification for the Installation of Traffic Signs and Markings on Highways; ⑥ Design Guidelines for Traffic Safety Facilities in Special Sections of CQJTGT D09-2021 Expressway; ⑦ JTG 5210-2018 Highway Technical Condition Evaluation Standards.

2. Construction of Security Risk Assessment Model
2.1 Introduction to Matter Element Extension Method



The matter element extension method is a method proposed by Chinese scholar Cai Wen to solve contradictory problems. Its principle is to represent actual problems with ordered triplets of "things（）, features（） and values（）", and use correlation functions to transform actual problems into formal problem models. Through the model, the problem-solving process is described to achieve the goal of resolving contradictions.
When using the matter element extension method for analysis work, it is first necessary to construct a multi index comprehensive evaluation index system based on the evaluation purpose, divide the level intervals of individual indicators, determine the classical domain, section domain, and the matter element matrix to be evaluated, convert the correlation function into the correlation degree of each indicator, establish a set of evaluation levels for each indicator, and then integrate the weights of the indicators of the evaluation object into the calculation to obtain the weighted correlation degree. According to the principle of maximum correlation degree, the level interval of the evaluation object is determined.
2.2 Determination of Evaluation Index Weights
To ensure the scientific validity of the evaluation results, the index weights are calculated using the entropy weight method. The calculation process of entropy weight method and combination weight is as follows.
(1) Entropy weight method
Entropy is a physical quantity derived from thermodynamics that characterizes the conversion of heat into work, which was later introduced into information theory as a measure of information uncertainty. The more evenly distributed the information in a system, the lower the entropy, the more chaotic the information distribution, and the higher the entropy. The entropy weight method can objectively determine the degree of impact of each indicator on system security, making the weight values of the indicators more objective. The specific calculation steps are as follows:



1) Score () factors by () experts to form a () - order original evaluation matrix.


2) Standardization of indicators:




3) Calculate the feature weight of the () th factor in the () th section:




4) Calculate the information entropy of the () th evaluation indicator: 



In the formula: 
5) Calculate entropy weight:


(2) Comprehensive weight calculation



() is the subjective weight of each indicator in the Analytic Hierarchy Process, () is the objective weight of each indicator in the Entropy Weight Method, and () is the comprehensive weight of each indicator. The calculation formula is as follows:





In the formula, () represents the subjective weight of each indicator in the Analytic Hierarchy Process; () is the objective weight of each indicator in the entropy weight method;


() is the coefficient of variation. 

The comprehensive weight varies with the changes. Based on existing research results and combined with the actual situation of the evaluation index system in this article, we take: 
2.3 Construction of Matter Element Extension Evaluation Model
(1) Determine the Matter Element Matrix



The research object of the material element analysis system for highway safety risks is the object (), the characteristics of each evaluation index (), and the evaluation values of each index as the quantity value (), forming an ordered triplet called the material element matrix, which is specifically represented as:




(2) Determine the classical domain () and () domain

1) Determine the Classic Domain ()

The classical domain for evaluating matter elements ()is the value range divided into four levels of evaluation indicators I, II, III, and IV,



2) Determine the domain

The domain of the evaluated object element () is the range of values for all evaluation indicator levels, expressed as follows:



(3) Determine the correlation function


The correlation function represents the degree of correlation between the value of the evaluated material element and a certain range of values for a certain level, allowing the evaluation index value to be () and the interval to be ()


The correlation function between the evaluation index characteristics () and the interval () of the object to be evaluated is as follows:






Where: 




If  ，；Just .
(4) Determine correlation and evaluation level
1) Determine correlation degree

The correlation degree of each level of indicator () is calculated as follows:



2) Determination of comprehensive evaluation level
The magnitude of the calculated correlation value determines the level of the evaluated object element, and the formula is as follows:




3) Calculate the evaluation level characteristic value

Using the level evaluation method, calculate the characteristic value of the evaluation level for assessing the safety risk of the road section. The formula is as follows:





Table 2 : By using Matelab software for calculation, the corresponding relationship between risk level and characteristic values can be obtained
	Risk level

	I 
	II 
	III 
	IV 

	Risk characteristic
	Small
	Smaller
	Moderate
	High risk

	
value
	<1.5
	1.5~2.5
	2.5~3.5
	>3.5


3 Engineering Case Applications
3.1 Overview of Xinyi Expressway
The Xinyi Expressway is one of the newly added planned routes in China's "Henan Province Expressway Network Adjustment Plan". The project starts from the Lianhuo Expressway, connects to the Luolu Expressway to the south, then connects to the Luoluan Expressway to the east, and intersects with the Erguang Expressway to the end. The total length of the route is 81.246 kilometers, and its geographical location is shown in the map.

[image: ]
Figure 3 Geographical location map of Xinyi Expressway
3.2 Division of evaluation sections for Xinyi Expressway
Based on the criteria for road section division and the quantitative standards for evaluation indicators in Table 1, the scores of evaluation indicators for each road section were compiled through analysis of the design data and field investigation of the Xinyi Expressway. The specific situation is shown in Table 3.







Table 3 Evaluation score of risk indicators for road sections
	Starting station 
number
	End station 
number
	Road alignmentB1
	Roadbed and pavementB2
	Safety facilitiesB3
	Traffic environment B4
	Road section 
type

	
	
	B11
	B12
	B13
	B14
	B15
	B21
	B22
	B23
	B31
	B32
	B33
	B34
	B41
	B42
	B43
	B44
	

	K0+000
	K3+622
	33
	29
	11.3 
	20.1
	37.5
	37.5
	20.8
	18.3
	12.5
	75
	12.5
	12.5
	20
	12.5
	36.3 
	38.5
	Sraight and flat

	K3+622
	K4+655
	67
	25
	71.3 
	24.7
	37.5
	37.5
	22.1
	17.1
	37.5
	50
	37.5
	12.5
	26.1 
	37.5
	36.3 
	38.5
	Curve

	K4+655
	K5+218
	67
	81
	71.3 
	30.4
	12.5
	12.5
	20.3
	21.9
	37.5
	50
	37.5
	12.5
	20
	37.5
	36.3 
	38.5
	Curved slope

	K5+218
	K5+455
	50
	72.5
	61.3 
	20.5
	12.5
	12.5
	19.5
	18.3
	12.5
	25
	37.5
	12.5
	20
	62.5
	36.3 
	38.5
	Longitudinal slope

	K5+455
	K6+190
	50
	13
	11.3 
	35.1
	12.5
	12.5
	20.7
	17.1
	12.5
	75
	37.5
	12.5
	20
	37.5
	36.3 
	38.5
	Longitudinal slope

	K6+190
	K11+900
	35
	86
	61.1 
	38.2
	12.5
	62.5
	23.1
	24.1
	12.5
	50
	12.5
	12.5
	20
	12.5
	40.6 
	38.5
	Sraight and flat

	K11+900
	K12+800
	50
	50
	42.8 
	19.5
	12.5
	37.5
	23.4
	20.3
	12.5
	50
	37.5
	12.5
	25.9 
	37.5
	40.6 
	38.5
	Longitudinal slope

	K12+800
	K13+500
	50
	20
	61.8 
	16.4
	12.5
	12.5
	19.8
	25
	12.5
	50
	12.5
	12.5
	20
	12.5
	40.6 
	38.5
	Sraight and flat

	K13+500
	K14+300
	10
	50
	14.3 
	46.9
	37.5
	37.5
	23.5
	23.1
	12.5
	25
	37.5
	12.5
	25.2 
	37.5
	40.6 
	38.5
	Longitudinal slope

	K14+300
	K15+473
	46
	75
	65.6 
	43
	37.5
	37.5
	23.2
	23.1
	12.5
	50
	37.5
	12.5
	25.3 
	12.5
	40.6 
	38.5
	Sraight and flat

	K15+473
	K21+800
	37
	77
	63.4 
	41.4
	37.5
	87.5
	21.4
	19.7
	12.5
	50
	37.5
	12.5
	20
	12.5
	38.4 
	38.5
	Sraight and flat

	K21+800
	K22+640
	27
	23
	13.4 
	44.9
	37.5
	12.5
	20.8
	22.1
	12.5
	50
	12.5
	12.5
	25.9 
	12.5
	38.4 
	38.5
	Longitudinal slope

	K22+640
	K25+500
	59
	87
	65.6 
	33.4
	37.5
	62.5
	20.6
	21.7
	12.5
	50
	37.5
	12.5
	20
	12.5
	38.4 
	38.5
	Sraight and flat

	K25+500
	K26+000
	53
	32
	42.3 
	38.4
	12.5
	12.5
	24.1
	20.6
	12.5
	50
	12.5
	12.5
	23.0 
	37.5
	38.4 
	38.5
	Longitudinal slope

	K26+000
	K27+680
	50
	83
	68.1 
	26.7
	12.5
	37.5
	21.9
	24.4
	12.5
	50
	12.5
	12.5
	20
	12.5
	38.4 
	38.5
	Sraight and flat

	K27+680
	K28+500
	10
	37.5
	46.5 
	36.9
	12.5
	62.5
	12.7
	18.9
	12.5
	50
	12.5
	12.5
	25.9 
	12.5
	36.3 
	38.5
	Longitudinal slope

	K28+500
	K31+882
	10
	41
	68.1 
	41.1
	37.5
	62.5
	22.8
	20.2
	12.5
	25
	37.5
	12.5
	20
	12.5
	36.3 
	38.5
	Sraight and flat

	K31+882
	K35+460
	10
	82
	27.5 
	24.9
	37.5
	12.5
	18.4
	20.2
	62.5
	50
	12.5
	12.5
	20
	62.5
	33.8 
	38.5
	Tunnel

	K35+460
	K36+131
	15
	87
	27.5 
	16.2
	62.5
	37.5
	19.4
	18.2
	37.5
	50
	12.5
	37.5
	20
	12.5
	33.8 
	38.5
	Sraight and flat

	K36+131
	K36+461
	27
	19
	30.8 
	23.3
	37.5
	37.5
	23
	18.2
	62.5
	50
	12.5
	12.5
	24.1 
	37.5
	33.8 
	38.5
	Tunnel

	K36+461
	K38+962
	29
	86
	28.8 
	35.7
	37.5
	37.5
	21.8
	17.7
	62.5
	50
	12.5
	12.5
	20
	37.5
	33.8 
	38.5
	Tunnel

	K38+962
	K41+262
	21
	77
	20.8 
	44.8
	62.5
	37.5
	22.1
	20.4
	12.5
	50
	12.5
	12.5
	22.0 
	12.5
	33.8 
	38.5
	Sraight and flat

	K41+262
	K57+200
	10
	81
	65.3 
	34.3
	37.5
	87.5
	22
	24.8
	12.5
	25
	12.5
	12.5
	20
	12.5
	32.0 
	38.5
	Sraight and flat

	K57+200
	K57+900
	10
	27
	47.7 
	48.6
	12.5
	12.5
	20.1
	17.6
	12.5
	50
	12.5
	12.5
	24.6 
	37.5
	36.1 
	38.5
	Longitudinal slope

	K57+900
	K70+860
	39
	89
	65.3 
	30.1
	37.5
	87.5
	20.5
	24.6
	12.5
	50
	37.5
	12.5
	20
	12.5
	36.1 
	38.5
	Sraight and flat

	K70+860
	K71+800
	10
	50
	48.7 
	30
	37.5
	37.5
	17.8
	22
	12.5
	25
	12.5
	12.5
	23.0 
	62.5
	31.6 
	38.5
	Longitudinal slope

	K71+800
	K72+900
	10
	24
	63.8 
	32.3
	37.5
	37.5
	22.5
	23.2
	12.5
	50
	37.5
	12.5
	20
	12.5
	31.6 
	38.5
	Sraight and flat

	K72+900
	K74+575
	10
	23
	55
	16.2
	37.5
	37.5
	17.3
	18.6
	12.5
	50
	37.5
	12.5
	29.1 
	62.5
	31.6 
	38.5
	Longitudinal slope

	K74+575
	K76+100
	10
	24
	63.8 
	19.9
	12.5
	12.5
	17.8
	20.1
	12.5
	50
	37.5
	12.5
	20
	62.5
	31.6 
	38.5
	Longitudinal slope

	K76+100
	K84+100
	50
	19
	55
	18.1
	12.5
	62.5
	21.3
	17.6
	12.5
	50
	37.5
	12.5
	20
	12.5
	31.6 
	38.5
	Sraight and flat



3.3 Weight Calculation of Evaluation Indicators


The entropy weight method constructs an evaluation matrix based on the ratings of five industry experts for each evaluation indicator. The weight values () of the indicators are calculated using equations 1-4. Then, the Analytic Hierarchy Process and entropy weight method are combined to obtain the comprehensive weight () of the evaluation indicators using equation 5. The detailed weight values of each indicator are shown in the table.
Table 4 Weight Values of Safety Risk Assessment Indicators
	[bookmark: _Hlk136354475]Criterion layer

	AHP
	Indicator level

	AHP
	AHP
	
	


	
	Wi
	
	Wi
	Combined
	Wj
	

	B1
	0.472
	B11
	0.307
	0.145 
	0.034
	0.090

	
	
	B12
	0.232
	0.109 
	0.071
	0.090

	
	
	B13
	0.240
	0.113 
	0.079
	0.096

	
	
	B14
	0.110
	0.052 
	0.052
	0.052

	
	
	B15
	0.112
	0.053 
	0.096
	0.075

	B2
	0.108
	B21
	0.311
	0.033 
	0.043
	0.038

	
	
	B22
	0.493
	0.053 
	0.042
	0.048

	
	
	B23
	0.196
	0.021 
	0.037
	0.029

	B3
	0.164
	B31
	0.293
	0.048 
	0.089
	0.038

	
	
	B32
	0.416
	0.068 
	0.085
	0.048

	
	
	B33
	0.185
	0.030 
	0.060
	0.029

	
	
	B34
	0.107
	0.018 
	0.047
	0.033

	B4
	0.256
	B41
	0.300
	0.077 
	0.098
	0.087

	
	
	B42
	0.389
	0.100 
	0.057
	0.079

	
	
	B43
	0.188
	0.048 
	0.058
	0.053

	
	
	B44
	0.124
	0.032 
	0.052
	0.042


3.3 Weight Calculation of Evaluation Indicators
Refer to section 1.3 for the quantitative value standards of evaluation indicators, and use the numerical values of each indicator to establish a material element matrix for the safety risk assessment of the Xinyi Expressway. The classical domain is:


            


            

The domain is:



According to the weight of each evaluation index calculated in Table 4, the correlation degree of the divided road sections is calculated, and the evaluation level of each road section is obtained based on the risk grading standard defined in Table 2. The risk assessment results of each road section of Xinyi Expressway are shown in Table 5
Table 5 Safety Risk Assessment Results of Various Sections of Xinyi Expressway
	Starting station 
number
	End station 
number
	I
	II
	III
	IV
	

	risk
level

	
	
	Small
	Smaller
	Moderate
	High risk
	
	

	K0+00
	K3+622
	0.068 
	-0.104 
	-0.493 
	-0.636 
	1.494 
	I

	K3+622
	K4+655
	-0.206 
	0.096 
	-0.240 
	-0.489 
	1.970 
	Ⅱ

	K4+655
	K5+218
	-0.179 
	-0.079 
	-0.277 
	-0.447 
	2.179 
	Ⅱ

	K5+218
	K5+455
	0.081 
	-0.150 
	-0.471 
	-0.622 
	1.583 
	Ⅱ

	K5+455
	K6+190
	0.081 
	-0.150 
	-0.471 
	-0.622 
	1.583 
	Ⅱ

	K6+190
	K11+900
	-0.051 
	-0.168 
	-0.354 
	-0.504 
	1.477 
	I

	K11+900
	K12+800
	-0.075 
	0.043 
	-0.322 
	-0.548 
	1.809 
	Ⅱ

	K12+800
	K13+500
	0.104 
	-0.215 
	-0.412 
	-0.631 
	1.423 
	I

	K13+500
	K14+300
	0.001 
	0.014 
	-0.420 
	-0.614 
	1.407 
	I

	K14+300
	K15+473
	-0.151 
	-0.023 
	-0.256 
	-0.487 
	1.698 
	Ⅱ

	K15+473
	K21+800
	-0.139 
	-0.159 
	-0.298 
	-0.466 
	1.425 
	I

	K21+800
	K22+640
	0.101 
	-0.092 
	-0.489 
	-0.659 
	1.606 
	Ⅱ

	K22+640
	K25+500
	-0.157 
	-0.121 
	-0.257 
	-0.441 
	1.774 
	Ⅱ

	K25+500
	K26+000
	-0.018 
	0.014 
	-0.373 
	-0.588 
	1.544 
	Ⅱ

	K26+000
	K27+680
	-0.044 
	-0.202 
	-0.376 
	-0.509 
	1.472 
	I

	K27+680
	K28+500
	0.080 
	-0.114 
	-0.440 
	-0.636 
	1.438 
	I

	K28+500
	K31+007
	-0.014 
	-0.061 
	-0.375 
	-0.595 
	1.493 
	I

	K31+007
	K35+460
	-0.087 
	-0.157 
	-0.324 
	-0.514 
	1.756 
	Ⅱ

	K35+460
	K36+131
	-0.050 
	-0.120 
	-0.401 
	-0.517 
	1.642 
	Ⅱ

	K35+460
	K36+461
	-0.072 
	0.067 
	-0.349 
	-0.583 
	1.801 
	Ⅱ

	K36+461
	K39+090
	-0.166 
	0.032 
	-0.329 
	-0.474 
	1.830 
	Ⅱ

	K39+090
	K41+262
	-0.008 
	-0.164 
	-0.381 
	-0.564 
	1.473 
	I

	K41+262
	K57+200
	-0.029 
	-0.213 
	-0.439 
	-0.530 
	1.448 
	I

	K57+200
	K57+900
	0.062 
	-0.101 
	-0.448 
	-0.632 
	1.338 
	I

	K57+900
	K70+860
	-0.154 
	-0.092 
	-0.357 
	-0.437 
	1.514 
	Ⅱ

	K70+860
	K71+800
	-0.023 
	-0.066 
	-0.355 
	-0.589 
	1.620 
	Ⅱ

	K71+800
	K72+900
	0.010 
	-0.071 
	-0.391 
	-0.614 
	1.311 
	I

	K72+900
	K74+575
	-0.039 
	-0.055 
	-0.327 
	-0.581 
	1.472 
	I

	K74+575
	K76+100
	0.048 
	-0.202 
	-0.368 
	-0.618 
	1.687 
	Ⅱ

	K76+100
	K84+100
	0.052 
	-0.160 
	-0.380 
	-0.607 
	1.375 
	I


4 Conclusion
This article proposes a safety risk classification model using the matter element extension method to address the dynamic inaccuracy of the highway safety risk classification method. By establishing a highway safety risk assessment index system B based on road linear B1, roadbed and pavement B2, traffic safety facilities B3, and traffic environment B4, the material element extension method is used to calculate the highway safety risk assessment standards. Based on the case study of Xinyi Expressway, a traffic safety configuration table for each section is provided. Using the matter element extension method as a model, the safety risk levels of each section of Xinyi Expressway are calculated, which are divided into 14 low-risk (Level I) sections, 16 low-risk (Level II) sections, and 0 general risk and high-risk levels.
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