
Research on Health Assessment Model 
and Data Analysis Method 
of Steel-Concrete Composite Girder 
Bridge 

Jizhuang Hui, Haobo Zhang, Nima Zhaxi, Duojie Cidan, Yongjian Liu, 
Gao Cheng, and He Shi 

Abstract In order to evaluate the health status of Steel-concrete composite girder 
bridges, a health status assessment model based on the bridge monitoring scheme is 
proposed, and a matching data analysis method is established on this basis. Firstly, 
the data are divided into two index layers: monitoring projects and monitoring points, 
and a health status assessment model is established based on this. Secondly, the fuzzy 
comprehensive evaluation of the state of Steel-concrete composite girder bridges is 
realized by the membership vectorization processing of the monitoring data. Finally, 
the method is applied to an actual bridge to evaluate the health status. The results show 
that the established model and method can evaluate the state of the Steel-concrete 
composite girder bridge, and the state of the bridge evaluated by this method is level 1 
and the health is better. The health status assessment model and data analysis method 
of Steel-concrete composite girder bridges establishes a direct connection between 
objective data and subjective assessment, provides an effective way for the real-time 
evaluation of bridge health status. 

Keywords Steel-concrete composite girder bridge · Health monitoring · State 
model · Data analysis · Status evaluation 

1 Introduction 

The safety of bridges is the core issue of bridges in service [1]. With the deep 
integration of artificial intelligence and engineering, the intelligent operation and 
maintenance of bridges has received extensive attention [2]. At present, the health

J. Hui (B) · H. Zhang · Y. Liu · G. Cheng · H. Shi 
National Engineering Research Center of Highway Maintenance Equipment, Chang’an 
University, Xi’an 710064, Shaanxi, China 
e-mail: huijz@chd.edu.cn 

H. Zhang 
e-mail: haoboz@126.com 

N. Zhaxi · D. Cidan 
Research Center, Tibet Tianlu Co. Ltd., Lhasa 850000, Tibet, China 

© Crown 2023 
Y. Yang (ed.), Advances in Frontier Research on Engineering Structures, Lecture Notes 
in Civil Engineering 286, https://doi.org/10.1007/978-981-19-8657-4_13 

141

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-8657-4_13&domain=pdf
mailto:huijz@chd.edu.cn
mailto:haoboz@126.com
https://doi.org/10.1007/978-981-19-8657-4_13


142 J. Hui et al.

status assessment of bridges is generally carried out by deploying sensors in key 
structural parts of the bridges, using sensors to collect data such as service environ-
ment and structural response, and then intelligently analyzing and processing the 
data to achieve monitoring and assessment of bridge status. However, due to the 
process of data collection and health status assessment containing a large number 
of uncertain factors, the real-time assessment of the comprehensive status of bridge 
structures has not been fully realized at this stage [3]. 

In terms of health status assessment models and methods, Liu et al. [4] refer 
to the component classification method recommended in the American maintenance 
management system, and use the method of hierarchical evidence reasoning to estab-
lish a bridge condition assessment framework. Liang et al. [5] started from environ-
mental erosion, material aging and external load, and used variable weight and D-S 
evidence theory to propose a multi-factor bridge condition assessment method based 
on information fusion. Liu et al. [6] constructed a bridge index system from four 
dimensions of geometric characteristics, material properties, environmental condi-
tions and action types, and used the dynamic hierarchical clustering method and the 
entropy weight comprehensive ranking method to propose an evaluation model for 
the service status of bridges. Qiao et al. [7] constructed a safety evaluation model 
of simply supported girder bridges based on the extenics theory based on the safety 
evaluation index system of simply supported girder bridges. The above research uses 
various index systems as grading standards to establish a state evaluation model, 
which provides ideas for the model creation in this paper. 

In terms of data analysis methods for the health status of steel-concrete composite 
girder bridges: Wang et al. [8] established a bridge safety assessment system using 
adaptive fuzzy reasoning and radial basis function neural network. Jia et al. [9] 
established a discrete dynamic Bayesian network model based on time series to 
evaluate the bridge state; Qin et al. [10] proposed 3A indicators and comprehensive 
safety evaluation indicators to evaluate the overall safety state of the superstructure 
of a bridge. Xu et al. [11] analyzed the change law of the weights of replaceable 
and non-replaceable components with time, and proposed a state evaluation method 
based on a time-varying weight model Liu et al. [12] based on improved Bayesian 
The theory proposes a method for evaluating the overall state of the bridge. The above 
research uses various algorithms for data processing, which provides a reference for 
the data analysis of this paper. 

In this paper, a state assessment model based on monitoring scheme is proposed. 
On this basis, a data analysis method matching the model is established to realize 
the assessment of bridge health status.
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2 Assessment Model 

2.1 Evaluation Model Based on Bridge Monitoring Scheme 

Relying on the monitoring scheme of Steel-concrete composite girder bridges, the 
monitoring data can be divided into: monitoring project layer and monitoring point 
layer from high to low. 

The monitoring project layer is expressed as: 

U = { Ui } i = 1, 2, 3, · · ·  , m (1) 

In the formula: Ui is the i-th physical quantity that affects the state of the bridge. 
Monitoring point layer: The monitoring point layer is expressed as: 

Ui = { Ui j } j = 1, 2, 3, · · ·  , n (2) 

In the formula: Ui j  is the j-th monitoring point deployed by the ith-influencing 
state physical quantity. 

According to the bridge monitoring scheme shown in Table 1, a matching 
model for evaluating the health status of Steel-concrete composite girder bridges 
is established as shown in Fig. 1. 

Table 1 Bridge monitoring scheme 

Monitoring point 1 Monitoring point 2 · · ·  Monitoring point 4 

Monitoring project 1 U11 U12 · · · U1n 

Monitoring project 2 U21 U22 · · · U2n 

· · · · · · · · · · · ·  · · ·  
Monitoring project m Um1 Um2 · · · Umn 

Fig. 1 Health status assessment model of steel-concrete composite girder bridge
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2.2 Model Weights 

Experts make decisions on the weights of each factor in the model, and construct a 
judgment matrix A: 

A = 

⎛ 

⎜⎜⎜⎝ 

r11 r12 . . .  r1 j 
r21 r22 · · ·  r2 j 
... 

... 
. . . 

... 
ri1 ri2 · · ·  ri j  

⎞ 

⎟⎟⎟⎠ (3) 

In the formula: ri j  represents the importance of the i-th factor relative to the j-th 
factor, and the relative importance is measured on a scale of 1–9: 

The consistency test is used for the n-order judgment matrix, and the calculation 
formula of the index CI is: 

C I  = 
λmax − n 
n − 1 

(4) 

The formula for calculating the consistency ratio CR is: 

CR  = 
C I  

R I  
(5) 

In the formula: λmax is the largest eigenvalue of the judgment matrix. RI is the 
random consistency index, which is only related to the order of the matrix. When CR 
< 0.1, the judgment matrix is said to be consistent. Find the eigenvector corresponding 
to the largest eigenvalue, and after normalization, it is the weight vector Ã of the 
factor. 

3 Data Analysis Methods 

3.1 Data Membership Vectorization 

The text of your paper should be formatted as follows: 
Establish the evaluation level set V of the data on this basis, which is expressed 

as: 

V = {evaluation 1, evaluation 2 . . .  evaluation i} (6) 

The corresponding state space S is established to quantify the evaluation level set, 
which is expressed as:
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Table 2 Membership vector table of monitoring projects 

State interval
(

ωreal  
ωthr

)
Membership vector (X) Evaluation level (V) 

Evaluation 1 Evaluation 2 · · ·  Evaluation i 

(0, C1] X1 X (1) 
1 X (2) 

1 · · ·  X (i ) 
1 

(C1, C2] X2 X (1) 
2 X (2) 

2 · · ·  X (i ) 
2 

· · · · · · · · · · · · · · ·  · · ·  

(1,∞) Xj X (1) 
j X (2) 

j · · ·  X (i ) 
j 

S = {M1, M2, · · ·  , Mi } (7) 

Based on the ratio of the real-time data value ωreal  of the monitoring project to 
the response threshold ωthr  , the data range of the monitoring project is divided into 
k state intervals, Establish the membership degree X (i) 

j of the i-th evaluation in the 
j-th state interval. The real-time data ωreal in the jth state interval is represented by 
the membership vector X j (j = 1, 2,· · · , k):  

X j =
(
X (1) 

j , X (2) 
j , X (3) 

j , · · ·  , X (i) 
j

)
(8) 

Establish a membership vector table for all monitoring projects, as shown in Table 
2. 

Further, set a data evaluation period. For the N pieces of data collected in the 
evaluation period, the data quantity n j (j = 1, 2,…, k) in each state interval is counted 
as the weight of the state interval. All data in the evaluation period are represented 
by a membership vector ri: 

ri =
∑k 

j=1 n jXj 

N 
(9) 

3.2 Comprehensive Assessment 

Based on the model shown in Fig. 1, and after performing membership vectorization 
processing on the data, the steps to realize the fuzzy comprehensive assessment of 
highway health status are as follows: 

Comprehensive evaluation of the monitoring point layer: Construct the fuzzy 
matrix Ri of the monitoring point layer by the membership vector ri determined by 
Eq. (9): 

Ri == (r1 r2 r3 . . .  rm )T (10)
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Combined with the model monitoring point layer weight Ã i to evaluate each 
monitoring project Ui . Obtain the comprehensive evaluation result Bi of each project 
monitoring point layer: 

Bi = Ãi · Ri (11) 

Comprehensive evaluation at the monitoring project layer: After normalizing the 
comprehensive evaluation results at the monitoring point layer, a fuzzy matrix R at 
the monitoring project layer is established: 

R = (B1 B2 B3 . . .  Bn )
T (12) 

In the formula: n is the number of monitoring projects. 
Combined with the monitoring project layer weight Ã of the model, the 

comprehensive evaluation B of the current state U of the bridge is realized: 

B = Ã · R (13) 

After normalization, the state space S is used to determine the total score of the 
state as: 

F = B · ST (14) 

Finally, the real-time health status of the bridge is determined by the corresponding 
relationship between the score and the evaluation level set. 

4 Case Studies 

In order to evaluate the health status of a small-span Steel-concrete composite girder 
bridge in real time. The known monitoring scheme established for this bridge is 
shown in Table 3. In this scheme, the fatigue cracking, deflection response, stress 
state, and ambient temperature of the bridge are monitored in real time. The layout 
of the monitoring points is shown in Fig. 2.

4.1 Establish a Health Status Assessment Model 

Establish a health status assessment model based on monitoring scheme (Fig. 3):

Set model weights: 

Take the weight setting of the monitoring project layer as an example, the constructed 
judgment matrix A is shown in Table 4.
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Table 3 Monitoring scheme of a small-span steel-concrete composite girder bridge 

Monitoring 
point 1 

Monitoring 
point 2 

Monitoring 
point 3 

Monitoring 
point 4 

Monitoring 
point 5 

Fatigue 
cracking 

✓ ✓ ✓ ✓ ✓ 

Deflection 
response 

✓ ✓ ✓ ✓ ✓ 

Stress state ✓ ✓ ✓ ✓ ✓ 
Ambient 
temperature 

✓ ✓ ✓ 

Fig. 2 Deployment diagram of monitoring points of the steel-concrete composite girder bridge

Fig. 3 Health status assessment model of a small-span steel-concrete composite girder bridge

Table 4 Judgment matrix A at the monitoring project layer 

A U1 U2 U3 U4 

U1 1 2 4 5 

U2 1/2 1 3 4 

U3 1/4 1/3 1 2 

U4 1/5 1/4 1/2 1 

Check the judgment matrix: CR = 0.0190 < 0.1, therefore, CR satisfies the judg-
ment matrix consistency requirement. The weight vector of the monitoring item layer 
after normalization is obtained from the matrix A as:
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Ã = (
0.49 0.31 0.12 0.18

)

The establishment of each judgment matrix of the monitoring point layer adopts 
the same method, and its weight vectors are: Fatigue cracking: Ã1=(0.08 0.33 0.08 
0.18 0.33); Deflection response: Ã2=(0.36 0.07 0.36 0.14 0.07); Stress state: Ã3=(0.06 
0.34 0.06 0.20 0.34); Ambient temperature: Ã4=(0.34 0.36 0.30). 

4.2 Data Processing and Comprehensive Evaluation 

Data membership vectorization processing. 
With reference to the “Maintenance Specification for Highway Bridges and 

Culverts”, establish the evaluation level set V: 

V = {Better, Good, Bad, Worse, Worst} 

The corresponding state space S is determined as: 

S = (100, 95, 80, 60, 40) 

Taking the deflection response as an example, the membership vector table of the 
deflection response is established as shown in Table 5: 

Similarly, the membership vector table of fatigue cracking, stress state and ambient 
temperature is established. 

The data collection period of deflection response is 1.2 min. The evaluation period 
is set to 1 h. During the evaluation period, the 50 real-time data ωreal collected by 
deflection monitoring point 1 (DR-1) were compared with the deflection response 
threshold ωthr respectively to determine the state interval of the real-time data. The 
statistics of the results are shown in Table 6.

Taking the deflection response as an example, use Eq. (9) to process Table 6. 
During this evaluation period, the deflection response data collected at monitoring 
point 1 (DR-1) are represented by membership vectors as:

Table 5 Membership vector table of deflection response 

State interval
(

ωreal  
ωthr

)
Membership vector Evaluation level 

Better Good Bad Worse Worst 

(0,0.1] X1 1 0 0 0 0 

(0.1,0.3] X2 0.3 0.7 0 0 0 

(0.3,0.6] X3 0 0.25 0.75 0 0 

(0.6,1] X4 0 0 0.1 0.9 0 

(1,∞) X5 0 0 0 0 1 
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Table 6 Statistical  table of 50 monitoring  data  within 1 h of deflection monitoring  point  1 (DR-1)  

Status level State interval/
(

ωreal  
ωthr

)
The amount of data/

(
nj

)
Membership vector/

(
X j

)

Level 1 (0,0.1] 4 [1,0,0,0,0] 

Level 2 (0.1,0.3] 15 [0.3,0.7,0,0,0] 

Level 3 (0.3,0.6] 30 [0,0.25,0.75,0,0] 

Level 4 (0.6,1] 1 [0,0,0.1,0.9,0] 

Level 5 (1,∞) 0 [0,0,0,0,1]

r1 =
(
0.17 0.36 0.45 0.02 0

)

Similarly, the membership vector of the data at the deflection monitoring points 
2 ~ 5 (DR-2 ~ 5) in this evaluation period can be calculated as r2 ∼ r5. 

Comprehensive assessment of health status: 

The fuzzy relationship matrix of the monitoring point layer of the deflection response 
is established: 

R2 = (r1 r2 r3 r4 r5 )T 

Combined with the deflection response monitoring point layer weight Ã2, a  
comprehensive evaluation is carried out: 

B2 = Ã2 · R2 =
(
0.27 0.34 0.37 0.02 0

)

In the same way, the fuzzy relationship matrices R1,R3 and R4 of monitoring 
point layers for fatigue cracking, stress state and ambient temperature, and evaluation 
results B1, B3 and B4 are established. From this, the fuzzy matrix of the monitoring 
project layer is constructed: 

R = 

⎛ 

⎜⎜⎝ 

B1 

B2 

B3 

B4 

⎞ 

⎟⎟⎠ = 

⎛ 

⎜⎜⎝ 

0.87 0.13 0 0 0 
0.27 0.34 0.37 0.02 0 
0.51 0.32 0.13 0.04 0 
1 0 0 0  0  

⎞ 

⎟⎟⎠ 

Combined with the monitoring project layer weight Ã , a comprehensive 
evaluation of the current health status of the bridge is carried out: 

B = Ã · R = (
0.65 0.21 0.13 0.01 0

)

Calculate the total status score for this evaluation period: 

F = B · ST = 95.95
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The value of F is at (95,100], the current status of the bridge is level 1, and the 
health is better. 

5 Conclusion 

This paper constructs a multi-attribute comprehensive evaluation model of Steel-
concrete composite girder bridges with monitoring projects and monitoring points 
as the index layers, and proposes a data processing method for the health status 
evaluation of Steel-concrete composite girder bridges: 

Based on the monitoring scheme of the bridge, a model matching the character-
istics of the bridge is constructed to realize the evaluation of the bridge state. The 
method has better adaptability to different bridges; 

The monitoring data is processed by membership vectorization using fuzzy math-
ematics theory. A fuzzy evaluation of the bridge state was carried out. The direct 
connection between real-time data and fuzzy state is established, which provides a 
guarantee for the real-time evaluation of the health state of bridges. 

The proposed model and data analysis method are used to evaluate the health 
status of an actual steel-concrete composite girder bridge. The results show that in 
the set evaluation period, according to the analysis and calculation results of the 
monitoring data of the bridge, the current state score of the bridge is 95.95, which is 
in the 1st-level state range, and the health is better. 

Acknowledgements This work was partly funded by the Tibet Autonomous Region Science 
and Technology Project (XZ2019TL-G-03), and partly by the Shaanxi Provincial Department of 
Transportation (17-21K). 

References 

1. Liang ZB, Chai J, Na SY et al (2021) Validity analysis of bridge health monitoring data based 
on deep learning. J Chongqing Jiaotong Univ (Nat Sci Ed) 40(03):78–83 

2. Ma J, Sun S, Yang Q (2021) Review of academic research on bridge engineering in China. 
Chin J Highways 34(02):1–97 

3. Shan DS, Luo LF, Li Q (2020) Research progress of bridge health monitoring in 2019. Chin J 
Civ Environ Eng 42(05):115–125 

4. Liu XL, Wang B, Huang Q et al (2020) Condition assessment model of cable-stayed bridge 
based on evidence reasoning framework. J S China Univ Technol (Nat Sci Ed) 48(06):69–76 

5. Liang L, Sun S, Li M et al (2019) Bridge safety assessment based on variable weight and D-S 
evidence theory. J Northeast Univ (Nat Sci Ed) 40(01):99–103 

6. Liu CF, Cao CB, Liu CW et al (2018) Dynamic hierarchical clustering model of bridge structure 
service status. Chin J Saf Sci 28(09):98–102 

7. Qiao JG, Cheng C (2018) Research on safety evaluation model of simply supported girder 
bridges based on extensibility theory. J Saf Environ 18(06):2096–2102 

8. Wang B, Xu XL, Li XH et al (2017) Bridge safety assessment based on adaptive fuzzy reasoning 
and RBF network. Chin J Saf Sci 27(05):164–168



Research on Health Assessment Model and Data Analysis Method … 151

9. Jia BY, Yu XL, Yan QS (2016) Bridge condition assessment method based on discrete dynamic 
Bayesian network. Bridge Constr 46(03):74–79 

10. Qin JD, Fang SG, Zhang W et al (2022) Condition assessment of cable-stayed bridge 
superstructure based on 3A index. Chin J Civ Environ Eng (Chin Engl) 44(03):71–78 

11. Xu X, Ren Y, Huang Q et al (2018) State assessment method of suspension bridge based on 
time-variable weight model. J S China Univ Technol (Nat Sci Ed) 46(06):48–53 

12. Liu LJ, Wu D, Zhang X et al (2017) Application of improved bayesian method in bridge 
condition assessment. J Chang’an Univ (Nat Sci Ed) 37(06):47–53 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made. 

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

http://creativecommons.org/licenses/by/4.0/

	 Research on Health Assessment Model and Data Analysis Method of Steel-Concrete Composite Girder Bridge
	1 Introduction
	2 Assessment Model
	2.1 Evaluation Model Based on Bridge Monitoring Scheme
	2.2 Model Weights

	3 Data Analysis Methods
	3.1 Data Membership Vectorization
	3.2 Comprehensive Assessment

	4 Case Studies
	4.1 Establish a Health Status Assessment Model
	4.2 Data Processing and Comprehensive Evaluation

	5 Conclusion
	References




