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Abstract 

Background: Bridge plays an extremely important role as a link between city and 
intercity transportation network. With the acceleration of urbanization in China and the 
construction and development of national highway and railway networks, the role of 
cross-line bridges is very important. At the same time, the probability that the cross-line 
bridge is damaged by sudden accidents, especially driving accidents, is also increasing, 
due to subjective reasons such as improper operation of vehicle drivers, drunk driving 
and so on, as well as objective reasons such as vehicle tire burst and sudden traffic 
accidents that vehicles hit bridge piers or bridge superstructure accidents occur from 
time to time. In this paper, the common column reinforced concrete piers are selected as 
the research object, the finite element analysis of the vehicle-pier collision is carried out, 
and the neural network is introduced to study the vehicle-pier impact force. Method: In 
this paper, two kinds of artificial neural networks, BP neural network and RBF neural 
network, are introduced, and the MATLAB software is used to program the two kinds of 
neural networks. The vehicle load, vehicle speed and impact eccentricity are selected as 
the input vectors of the neural network, and the impact force is used as the output vector 
to establish 120 groups of neural network models. In this paper, the vehicle-pier impact 
force is studied, because the vehicle structure is very complex, and the results of various 
studies depend on the number of samples measured by test or numerical simulation, 
how to quickly and effectively identify the bridge impact force under different conditions 
remains to be studied. The neural network theory has the ability to find the optimal 
solution quickly, and can play a role in the field of vehicle-bridge impact force research. 
In this paper, on the basis of the existing finite element model of the impact of a real 
vehicle on the pier of an urban overpass and the law of the factors affecting the impact 
force, the main factors most related to the impact force are found out. Then BP neural 
network and RBF neural network are introduced and established, and the established 
neural network is trained by verifying the sample data. Finally, the neural network with 
good training and certain accuracy is used to predict the existing research results. Result: 
Ten groups of data are randomly selected to train the neural network, and the remaining 
10 groups of data are used to verify the prediction results show that the two kinds of 
neural networks can predict the impact force, and the prediction effect of BP neural 
network is better. Then the trained BP neural network is used to predict the existing 
research results, and the results show that the prediction error of BP neural network is 
less than 20%. Conclusion: In this paper, BP neural network and RBF neural network are 
introduced, and the trained neural network is used to predict the vehicle-pier impact 
force. the two kinds of neural networks can predict the vehicle-pier impact force, and the 
prediction effect of BP neural network is better than that of RBF neural network, and the 
error is less than 20%. 
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1. Introduction 

The collision of vehicles into railway or highway bridges will not only cause serious traffic 
accidents, but also damage the cross-line bridges in busy sections of the city, thus affecting the 
normal operation of urban traffic. Even in the United States and European countries, where the 
overall traffic network is more developed and the road management system is more sound, the 
accident of driving into the bridge can not be completely avoided. The load of common vehicles 
is far less than that of freighters, and the probability of direct destruction and collapse of the 
bridge caused by vehicle impact is very small, but the speed of vehicles hitting the 
superstructure or pier of the bridge is generally faster, and the part of the bridge structure is 
more concentrated, so the local damage to the bridge structure caused by the vehicle whose 
load is much smaller than that of the ship is not weaker than that of the ship hitting the pier. At 
the same time, when the lower pier structure of the high-speed railway bridge is impacted by 
traffic, even if the impact force is very small, the pier will vibrate due to the impact, which will 
seriously affect the safety and stability of the high-speed railway and bullet train running on 
the bridge. 

To sum up, the study of vehicle-pier collision has theoretical and engineering value. carrying 
out the relevant research on the vehicle-pier impact force is helpful to understand the influence 
factors of the vehicle-pier impact force and to obtain the ways and methods to improve the anti-
impact ability of the bridge. 

In this paper, artificial neural network is introduced, BP neural network and RBF neural 
network are selected for research, two kinds of neural networks are programmed by MATLAB 
scientific calculation software, and the appropriate number of neurons in hidden layer and 
SPREAD value are selected to establish neural network model.  

The influence factors of vehicle-pier impact force are analyzed, three influencing factors are 
selected as the input vector of neural network, and the impact force is used as the output vector 
to establish the neural network model 100mm 150 group.  

The training data are used to train the neural network, and then the test data are used to verify 
the feasibility of the neural network to predict the impact force. through the comparative 
analysis of the prediction ability of the two kinds of neural networks, the two kinds of neural 
networks are evaluated.  

Finally, the trained neural network with certain accuracy is used to predict the existing research 
results, and the prediction error should be controlled within a reasonable range. 

2. Artificial neural network 

Artificial neural network is a research hotspot in the field of artificial intelligence at the end of 
the 20th century, and it is one of the methods of computer computing in the early stage. Neural 
network learns and calculates information by simulating human brain and animal neural 
network. This method simulates the specific working mechanism of the brain nerve and can 
solve the related problems within the allowable range. It has a strong ability of self-learning 
and error correction, and the work cost is low, so it has a good application prospect. 

The process of neural network training (self-learning ability) is very similar to the process in 
which human beings use the brain to accumulate knowledge and wisdom in the process of 
learning and practice. they all optimize and improve the processed data and methods through 
external stimuli or incentives. The training methods of neural network are mainly divided into 
three kinds: the first is supervised learning, the second is unsupervised learning, and the third 
is remotivational learning. Among them, the way of tutor learning is to use a large number of 
training samples to train the neural network, and then input the corresponding prediction 
samples, and the network calculates the results. 



Volume 2 Issue 3, 2021 

DOI: 10.6981/FEM.202103_2(3).0024 

183 

Frontiers in Economics and Management 

ISSN: 2692-7608 

 
Figure 1. BP neural network structure 

 

 
Figure 2. RBF neural network structure 

 

By comparing the output results of the neural network with the actual input prediction samples, 
the error is analyzed. When the error does not meet the requirements, the network 
automatically applies learning rules to adjust the relevant parameters, so that the prediction 
results continue to improve in the direction of response with small error. Until the error 
between the actual output of the neural network and the expected output is within the 
allowable range. In this chapter, the vehicle-pier impact force is studied by using BP neural 
network and RBF neural network, which are two widely used supervised learning networks. 
The BP neural network model is shown in figure 1, and the typical RBF neural network 
structure is shown in figure 2. 

3. Prediction of vehicle-Pier impact Force based on Neural Network 

3.1. Neural network sample data 

This section makes use of the influence law of vehicle speed, vehicle mass, contact area between 
vehicle and bridge pier, vehicle impact eccentricity, concrete strength of bridge pier and stirrup 
spacing on the impact force. In this section, three of these influencing factors are selected as the 
input layer of the neural network. In order to make the prediction results of the established 
neural network closer to the actual situation, the three influencing factors selected should be 
representative, that is, they have a great influence on the vehicle-pier impact force. According 
to the discussion results of the influencing factors in the previous chapter, this section discusses 
the influence of these factors on the impact force. 
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This section takes the impact of a medium truck F800 on a bridge pier as an example.  

The values of vehicle speed, load, eccentricity, contact area parameters, concrete strength and 
stirrup spacing are the same as those in the third chapter.  

Because the dimensions of the influencing factors of the research and analysis are different, 
they can not be compared directly in the same picture, so the influencing factors studied in the 
third chapter are normalized. 

First, the factors that affect the vehicle-pier impact force are dealt with separately by the 
normalization algorithm, and then the corresponding impact force values of each influence 
factor are concentrated in the same diagram, which is easy to directly observe the influence of 
these factors on the impact force. This section uses simple linear function normalization for 
data processing, linear function normalization is also called deviation standardization, through 
the linear transformation of the original data, so that the results of the original data 
transformation can be mapped to 0-1, conversion formula such as formula: 

𝑥′ =
𝑥−𝑥min

𝑥max−𝑥min
                                                                    (1) 

Where seam is the data value before processing, 𝑥min  is the minimum value in a set of 
processing data, and 𝑥max is the maximum value in a group of processing data. 

Through the discussion, the vehicle speed, vehicle load and vehicle impact pier eccentricity are 
selected as the input layer vectors of the neural network, and the output layer vectors of the 
neural network are the peak impact force, the global average impact force and the local average 
impact force, respectively. 

After determining three main influencing factors of vehicle-pier impact force, a total of 120 
groups of numerical simulation models of vehicle impact on bridge piers are determined 
according to the principle of arrangement and combination. The model is established in 
HYPERMESH finite element software, and the parameters used in the modeling are the same as 
the previous ones. ANSYS/LS-DYNA finite element software is used to solve the model.  

Finally, the time-history curve of vehicle impact force is drawn by HYPERGRAPH, and the global 
average impact force and local average impact force are calculated as the output vectors of the 
neural network. 

Among the 120 sets of data, the overall variation rules of vehicle-pier impact force peak, 
vehicle-pier global average impact force and vehicle-pier local average impact force are 
basically the same as the conclusions of the third chapter. Among them, the peak impact force 
of a small car with a load of 0.8t increases with the increase of eccentricity 0.6m~0.9m because 
the engine center of gravity of the selected MetroD vehicle model is not in the middle of the 
front, and the engine center of gravity is on the right in the front, while the vehicle-pier collision 
eccentricity is selected as the vehicle shifts to the left, which results in the peak impact force of 
the vehicle increasing when the eccentricity is greater than 0.6m. When the speed of a medium 
truck with a load of 8t is greater than 80km/h and when the impact eccentricity is 0.6m~0.9m, 
the peak impact force increases with the increase of eccentricity, because the speed is faster 
and the eccentricity is larger, and the speed does not decrease to zero after the collision 
between the front side and the bridge pier, and the collision between the carton and the bridge 
pier results in a new and larger peak value of impact force. 

From 120 sets of data, it can be seen that the variation law of the global impulse of vehicle-pier 
collision is as follows: 

(1) the global impulse is positively correlated with the vehicle speed,  

(2) the global impulse is positively correlated with the vehicle load 

(3) the global impulse decreases with the increase of the vehicle-pier eccentricity. 
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3.2. Work flow of Neural Network 

The whole establishment and work flow of artificial neural network in this chapter are as 
follows: 

(1) By analyzing the factors affecting the vehicle-pier impact force, the speed, mass and 
eccentricity are determined as the input vectors of the neural network. 

(2) Using HYPERMESH software to establish 120 groups of vehicle impact pier models under 
different working conditions, and then using ANSYS/LS-DYNA finite element calculation 
software to simulate and calculate the 120 groups of numerical models, and finally get 120 
groups of vehicle-pier impact force data under different working conditions. 

(3) Among the 120 sets of data, 110 sets of data pairs are randomly selected as the training 
samples of the neural network, and 10 groups of data are taken as the test samples of the neural 
network, and then two kinds of supervised learning networks, BP artificial neural network and 
RBF artificial neural network, are established. Firstly, 110 groups of randomly selected training 
samples are used to train the two kinds of neural networks, then the input vectors of 10 groups 
of prediction samples are input into the neural network, and the differences between the output 
results of the neural network and the actual results are compared. the prediction error of the 
neural network is reduced by adjusting the network parameters to make the prediction error 
of the neural network within a reasonable range. 

(4) Among the 120 sets of data, 110 sets of data pairs are randomly selected as the training 
samples of the neural network, and 10 groups of data are taken as the test samples of the neural 
network, and then two kinds of supervised learning networks, BP artificial neural network and 
RBF artificial neural network, are established. Firstly, 110 groups of randomly selected training 
samples are used to train the two kinds of neural networks, then the input vectors of 10 groups 
of prediction samples are input into the neural network, and the differences between the output 
results of the neural network and the actual results are compared. the prediction error of the 
neural network is reduced by adjusting the network parameters to make the prediction error 
of the neural network within a reasonable range. 

𝑅2 =
(𝑙 ∑ �̂�𝑖𝑦𝑖
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3.3. Establishment of Neural Network 

In this paper, MATLAB mathematical calculation software is used to establish BP artificial 
neural network and RBF artificial neural network, because MATLAB has its own neural network 
function package, which is easy to use. The specific process of establishing the neural network 
is as follows: 

(1) Generation of training set and test set 

The different working conditions of the finite element model established above are imported 
into MATLAB software as input layer vectors, and the peak impact force of vehicle-bridge pier 
calculated by ANSYS/LS-DYNA finite element software, as well as the global impulse, global 
average impact force and local average impact force obtained by subsequent calculation are 
imported into MATLAB software as output layer vectors. The input vector and output vector 
are arranged randomly by formula (3), and then the training set and test set of neural network 
are generated by formula (4) ~(7). 

temp = randperm(size(𝑃, 1))                                                    (3) 

𝑃−train = 𝑃(temp(1: 110), : )                                                     (4) 

𝑇−train = 𝑇(temp(1: 110), : )                                                     (5) 

𝑃−test = 𝑃(temp(111: end), : )                                                   (6) 
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𝑇−test = 𝑇(temp(111: end), : )                                                   (7) 

Among them, 𝑟𝑎𝑛𝑑𝑝𝑒𝑟𝑚 is the random arrangement function command, 𝑃_𝑡𝑟𝑎i𝑛 and 𝑇_𝑡𝑟𝑎i𝑛 
are the training set input vector and output vector, and 𝑃_𝑡𝑒𝑠𝑡 and 𝑇_𝑡𝑒𝑠𝑡 are the test set input 
vector and output vector. 

(2) Normalization 

Normalization is a mathematical method for dimensionless processing of data. The expression 
that is about to have a dimension is transformed into a dimensionless expression and becomes 
a scalar. Specific normalized processing functions such as formula (8) ~ (10): 

[𝑝−train,ps_input] = mapminmax(𝑃−train, 0,1)                                        (8) 

𝑝− test =  map minmax ( ′ appl 𝑦′, 𝑃− test, 𝑝𝑠− input )                                (9) 

[𝑡−train,ps_output] = mapminmax(𝑇−train, 0,1)                                    (10) 

Where the standardized processing function command, the normalized training set input 
vector and output vector respectively are the data mappings of the training set samples. 

(3) Create neural network function 

The creation functions of P neural network and RBF neural network are formula (11) and (12), 
respectively. 

net =  newf 𝑓(𝑝− train, 𝑡− train, 𝐴)(11) 

net =  newrbe (𝑝− train, t_train, spread)(12) 

(4) Neural network training function 

(5) Neural network test function 

(6) Performance evaluation 

4. Prediction result analysis 

In the previous section, the number of hidden layer neurons and the SPREAD value of BP neural 
network and RBF neural network are determined. In this section, the performance of BP neural 
network and RBF neural network established by optimal parameters is evaluated. The input 
samples of the two kinds of networks are 110 sets of data randomly generated, and the 
prediction samples are another group of data randomly generated in the middle. Figure 3-6 
shows the prediction results of vehicle-pier peak impact force, vehicle-pier impact force global 
impulse, vehicle-pier global average impact force and vehicle-pier local average impact force, 
respectively. 

 
Figure 3. Comparison of prediction results of peak impact force between vehicle and bridge 

pier 
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It can be seen from the figure that both BP artificial neural network and RBF artificial neural 
network can predict the peak impact force of vehicle-pier, but the determination coefficient of 
BP neural network is 0.9843, while that of RBF neural network is only 0.7919. The 
determination coefficient of BP neural network is larger than that of RBF neural network, 
indicating that the overall deviation of BP neural network is less than that of RBF neural 
network. This shows that the prediction effect of BP artificial neural network is better than that 
of RBF artificial neural network in predicting the peak impact force of vehicle-pier. 

 

 
Figure 4. Comparison of prediction results of global impulse of vehicle-pier impact 

 

It can be seen from the figure that both BP neural network and RBF neural network can predict 
the global impulse of vehicle-pier impact, in which the determination coefficient of BP neural 
network is 0.998, while that of RBF neural network is only 0.738. The determination coefficient 
of BP neural network is larger than that of RBF neural network, indicating that the overall 
deviation of BP neural network is less than that of RBF neural network. This shows that the 
prediction effect of BP artificial neural network is better than that of RBF neural network in 
predicting the global impulse of vehicle-pier impact. 

5. Conclusion 

In this chapter, several factors affecting the vehicle-pier impact force are analyzed, and the 
results show that the three factors most related to the impact force are vehicle speed, vehicle 
load and vehicle impact pier eccentricity. then two kinds of networks, BP artificial neural 
network and RBF artificial neural network, are established, and a series of training samples are 
provided for the two artificial neural networks by using the finite element modeling method of 
real vehicle impact bridge pier in chapter 3.  

Then the trained artificial neural network is used to predict the vehicle-pier impact force, the 
global impulse of vehicle-pier impact force, the global average impact force of vehicle-pier and 
the local average impact force of vehicle-pier. The prediction results show that the prediction 
effect of BP artificial neural network is better than that of RBF artificial neural network. Finally, 
two kinds of neural networks are used to predict the existing research results, and the results 
show that the prediction error of BP neural network is less than 20%. 
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