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such as explosions, impact and crash analysis. Vehicle Bridge Interaction modelling can be classified as highly transit 
dynamic problem, unlike other civil structures, where a 

massive dynamic load used to traverse the bridge in a fraction 

of a second (e.g. a vehicle travelling with 27m/s [60mph] 

will cross a 10m bridge in 0.37sec). Accurate representation for the bridge vibration is imperative for bridge Health Monitoring applications, especially that SHM techniques rely 
on observing the anomalies in the structure response which 

are associated to the presence of damage [5,13]. This article 

highlights the effect of the analysis technique on the vehicle 

and the bridge responses. The implicit analysis has been 

carried out using MATLAB VBI algorithm [14-16]. Whilst, the 

explicit modelling of the VBI problem has been performed 

with the aid of LS-Dyna FE program. The goal of this article 

is to discuss the plausibility of using implicit analysis to solve the VBI problem, specifically for Bridge Health Monitoring 
applications. 

Vehicle and Bridge Properties

The vehicle has been modelled as a quarter car with two 

degrees of freedom, the axle mass and body mass translations. 

The vehicle model is shown in Figure 1 and its properties are based on the works of Cebon [17] and Harris, O Brien and 
González [18]. A 15-m bridge will be utilized in this study. The 

bridge properties are shown in Error! Reference source not 

found.

Figure 1: Difference between the two approaches adopted for modeling the VBI system.

Comparison between Implicit and Explicit Solvers 

Results

The quarter car model has been simulated crossing the 10-m 

bridge, and the analysis has been carried out twice using explicit 

and implicit analysis (Figure 2) (Table 1). Figure 3 illustrates the 

results of the mid-span acceleration, the Quarter-car axle mass 

acceleration history and the displacement under the passing quarter car for the two modules. The first point of note, is that 
there is a dramatic difference between the two attributes. The amplitude of the responses (i.e. for all the figures) are closely 
matched, however, the response shape is completely different. 

First, explicit module showed two bouncing in the displacement 

history (Figure 3a), while the implicit analysis shows an 

attribute close to the static responses of the bridge. The results 

are deemed to be compelling with the nature of the implicit and 

explicit solvers. The implicit solver is adequate to represent 

low-frequency vibration responses, this clearly depicted in the 

bridge displacement which tends to be static. On the other hand, 

the discrete time step of the explicit analysis allows capturing 

the incremental changes in the bridge vibration over the sample 

time. Similar behaviours are found for the acceleration of the 

bridge midpoint (Table 2). Figure 3b & 3C shows that implicit 

solver gives a pure sinusoidal signal, while the explicit solver 

shows some perturbation around the mean value. The quarter-

car responses are shown to be similar, yet still not identical for 

the two cases. 

Figure 2: Theoretical quarter car model.

Table 1: Properties of the quarter car model.

Property Unit Symbol Value

Body Mass kg mb 17300

Axle Mass kg ms 700

Body Stiffness N/m kb 4×105

Body Damping N.s/m cb 10×103

Suspension 

Stiffness
N/m ks 1.75×106

Body Bounce 

Frequency
Hz fbounce 0.69Axle Hop 

Frequency
Hz faxle 8.8
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Table 2: Properties of the bridge.

Property Unit Value

Length m 10

Mass per unit length kg/m 4945

Elastic Modulus MPa 35000

Second Moment of area m4 0.044

1st Frequency Hz 8.83

2nd Frequency Hz 35.32

3rd Frequency Hz 79.48

Figure 3: Difference between the two approaches adopted for modeling the VBI system.

Conclusion 

This article high lights the difference between implicit 

and explicit analysis in simulating Vehicle Bridge Interaction 

problems. The authors presume that explicit analysis is 

preferable for modelling VBI problems. The small size of the step 

allows for municipal vibrations to be depicted for each point 

along the bridge. This is essential for bridge health monitoring 

applications since those techniques are based upon tracking the 

changes in the bridge responses due to the presence of damages. 

The results listed in this article showed the dramatic difference 

between the two solvers, which requires further investigation to 

ascertain the solver’s suitability for vehicle bridge interactions 

modelling. 
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