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Abstract 

 

A bridge is a man-made object created to cross over an expanse of water, a valley, or a road without blocking 

the way below it. The goal of the ongoing study is to examine the vibration properties of various material-based 

bridge structures. The ANSYS simulation programme is used to carry out the modal analysis of the bridge 

structure. Concrete, silicone rubber, and neoprene rubber were the materials examined in the investigation. For 

various bridge materials, the mode forms, natural frequency, and mass participation factor are assessed. For 

neoprene rubber material, the maximum deformation is observed at the bearing region, whereas the bridge 

structure and crash barrier have lower deformation. For silicone rubber material, the critical region is found to 

be at the crash barrier, which exhibited maximum deformation and was susceptible to amplitude build up during 

resonance. 
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1. Introduction 

 

A bridge is a "man-made structure intended to 

cross over a physical barrier, such as a body of 

water, a valley, or a road, without blocking the 

passage underneath it. It is intended to guarantee 

passage over a barrier. According to one theory, the 

earliest bridges constructed by humans were 

probably spans made of chopped hardwood logs or 

planks, followed by spans built of stones(Kim et 

al., 2007). Romans invented the earliest bridge 

designs using arches. 

 

 
Figure 1: The design of a bridge 

 

Cement was used to counteract the loss of strength 

in various areas of the stone bridge framework. 

Several bridge designs were built according to the 

bridge's intended use. These designs were 

developed based on several factors, including the 

kind of terrain, the bridge material, and the bridge's 

budget. 

 

2. Literature survey 

Research on the identification of bridge structure 

deterioration using vibration response monitoring 

has been done by (Kim et al., 2007). The precise 

location of the damage, the extent of the damage, 

and the impact of temperature were all examined 

using the vibration amplitude. 

Research on the vibration study of the Humber 

Bridge in Hong Kong was done by Brownjohn et 

al. "Natural Excitation Technique/Eigensystem 

Realization Algorithm, Stochastic Subspace 

Identification, and the Poly-Least Squares 

Frequency Domain technique" (Fan & Qiao, 2011) 

were used for the damage identification. The 

effectiveness of these strategies for crack diagnosis 

and monitoring has been demonstrated by the study 

findings. 

Researchers (Xia et al., 2012) have studied the 

monitoring of bridge structure health. Sensors are 

used in the health monitoring systems to look for 

cracks. The study concluded that, "despite the 

increased computational effort and subjectivity 

required to recognise the system poles, the use of 

stochastic SSI subspace identification techniques to 

approximate modal parameters from only output 

experimental data was found to be preferable to the 

frequency domain decomposition FDD 

method"(Xia et al., 2012). 

Researchers (Chang & Kim, 2016) studied the 

effects of different operational and environmental 

conditions on bridge structure degradation. 

Abrasion and corrosion in the environment are 

evaluated, and overloading in the operational 

environment is taken into account.(Whelan & 

Janoyan, 2009) According to the analysis, 

overloading accounted for more than 73% of all 

bridge collapses, making it the main 

cause.(Brownjohn et al., 2010) 

 

3. Research Objectives 

The goal of the ongoing study is to examine the 

vibration properties of various material-based 

bridge structures.(Magalhães & Cunha, 2011) The 

ANSYS simulation programme is used to carry out 

the modal analysis of the bridge structure.(Whelan 

et al., 2009) Concrete, silicone rubber, and 

neoprene rubber were the materials examined in the 

investigation.(Koo et al., 2013) For various bridge 

materials, the mode forms, natural frequency, and 

mass participation factor are assessed. 

 

4.   Methodology 
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The bridge structure is subjected to FEA model 

analysis to ascertain the natural frequency and 

mode shape for the first, second, and third natural 

frequencies.(Whelan et al., 2009) There are several 

steps to the analysis. 

 

 
Figure 2: Diagram of the bridge's construction 

 

 
Figure 3: An imported bridge structural model 

 

The bridge construction is created in accordance 

with the figure 2 design. Geometrical mistakes and 

surface patches are verified on the bridge structure 

model.(Bocca et al., 2011; Seo et al., 2016) Figure 

3 above depicts the bridge structure produced 

model. 
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Figure 4: Loads and boundary conditions for modal analysis 

 

For modal analysis, the boundary conditions are 

applied to the structure. Modal analysis applies a 

fixed support to the structure's foundation. The 

sparse matrix solver is used to execute the FEA 

simulation, and several iterations are 

completed.(Pakzad et al., 2005; Wardhana & 

Hadipriono, 2003) 

 

5.    Results and discussion 

 

The natural frequency, mode shape, and mass 

participation factor for concrete, silicone rubber, 

and neoprene rubber materials are determined 

through the FEA study. 

 

  
Figure 5: Concrete's first frequency mode form 

 

The highest deformation is seen in the bridge crash 

barrier zone, where the magnitude of deformation 

is.039mm, for concrete material bridge deck and 

first natural frequency mode shape.  
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Figure 6: Concrete's second frequency mode form 

 

The largest deformation is seen in the bridge crash 

barrier zone, where the magnitude of deformation 

is.0393mm, for bridge decks made of concrete and 

with a second natural frequency mode shape. 

 

 
Figure 7: the concrete's third frequency mode form 

 

The largest deformation is seen in the bridge crash 

barrier zone, where the magnitude of deformation 

is.092mm, for bridge decks made of concrete and 

with a third natural frequency mode shape. 
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Table 1: Concrete material mass participation factor 

 
 

 
Figure 8: the silicone rubber's first frequency mode form 

 

The largest deformation is seen in the bridge crash 

barrier zone, where the magnitude of deformation 

is.041mm, for silicone rubber material bridge deck 

and first natural frequency mode shape. 
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Figure 9: the silicone rubber's second frequency mode form 

 

The largest deformation is seen in the bridge crash 

barrier zone, where the magnitude of deformation 

is.101mm, for silicone rubber material bridge deck 

and second natural frequency mode shape. 

 
Figure 10: Shape for the third frequency mode of silicone rubber 

 

The largest deformation is seen in the bridge crash 

barrier zone, where the magnitude of deformation 

is.041mm, for bridge decks made of silicone rubber 

and with a third natural frequency mode shape. 
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Table 2:  Silicone material mass participation factor 

 
 

 
Figure 11: Neoprene rubber's first frequency mode form 

 

With a bridge deck made of neoprene rubber and 

with a first natural frequency mode shape, the 

bearing zone exhibits the greatest deformation, 

with a magnitude of.12 mm.  
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Figure 12: Shape of the second frequency mode for neoprene rubber 

 

On a bridge deck made of neoprene rubber and 

with a second natural frequency mode shape, the 

bearing zone exhibits the greatest deformation, 

with a magnitude of.147 mm. 

 

 
Figure 13: Shape of the third frequency mode for neoprene rubber 

 

On a bridge deck made of neoprene rubber and 

with a third natural frequency mode shape, the 

bearing zone exhibits the greatest deformation, 

with a magnitude of.1201 mm. 
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Table 3:  Neoprene material's mass participation factor 

 
  

6.   Conclusion 

 

In order to assess the vibration properties of bridge 

structures, the FEA is a useful technique. The 

natural frequencies and mode shapes for a bridge 

made of concrete, silicone rubber, and neoprene 

rubber are assessed using the results of the modal 

analysis. 

1. The essential areas of high deformation are 

found using the modal analysis. 

2. The key location of the concrete material is 

discovered to be near the crash barrier, which 

showed the most deformation and was 

vulnerable to amplitude buildup during 

resonance. 

3. The key zone is discovered to be near the crash 

barrier, which showed highest deformation and 

is vulnerable to amplitude buildup during 

resonance, according to modal analysis of 

silicone rubber material. 

4. Neoprene rubber material's modal study shows 

that the bearing zone has the most distortion, 

whilst the bridge structure and crash barrier 

experience less deformation. 
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