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Abstract 

The cracks induced in bridge may result in change of natural frequency. This change in natural frequency may 

cause damage in case of resonance which causes amplitude build up. It is therefore necessary to determine the 

effect of crack on natural frequency of straight bridge. The objective of current research is to investigate the effect 

of crack design parameters on vibrational characteristics of bridge. CAD modeling of straight bridge using AN-

SYS design modeler. Free vibration (modal analysis) analysis on base design of curved bridge to determine natural 

frequencies and mode shapes. Study on effect of I shaped steel girder dimension on vibration characteristics of 

bridge using Taguchi response surface method. Inducing single crack on base design and reconducting modal 

analysis to determine mode shapes and natural frequencies Study on effect crack dimensions parameters on vi-

bration characteristics using Taguchi response surface method 
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1. Introduction 

We recognize that all structures are part of the infrastructure and each one works together. The bridges take a 

special role, due its function to connect two different points, crossing valleys, rivers, lakes and cliffs. Bridges are 

needed on land transportation infrastructure because they connect different points that usually can be inaccessible. 

If we analyze a single bridge crossing a river, it can have many views, depending on each person’s perspective 

[3] 

a. A person who lives in the city can visualize the bridge as a simple access to schools, parks and theaters, or 

a simple way to visit a family member.  

b. An engineer or architect visualizes the bridge as a way to connect the road with two points of the city, such 

as hospitals or fire stations.  

c. From the business community, the bridge can be viewed as access to different areas for trade, distribution 

of goods and services.  

http://www.ijsrmes.com/
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Depending on the needs of the society to have a bridge, it would be its importance. A bridge that serves as a quick 

link to recreational parks with a low traffic flow will have less impact than a bridge crossing a large river and 

connecting two points of the city with high traffic flow [1]. Taking into account the sentence above, we can realize 

that bridges are not built arbitrarily; a whole planning should be performed including design, construction, oper-

ation and maintenance of the structures. 

 

FEM and ANSYS  

The FEM technique is a beneficial tool for calculating mathematical equations in a variety of engineering 

problems. The method was suggested in the aerospace industry as a tool designed for assessing anxiety in 

challenging jet systems. It is developed from the matrix analysis procedure, which is utilized in aircraft design. 

Each researcher and practitioner has made significant progress in their respective fields. The finite element 

methodology's main principle is to break down a body otherwise structure into smaller, finite-size components 

known as limited elements.' The variables associated with a limited set of connections known as nodes or nodal 

points are investigated in the initial frame and structure 

2. Methodology 

The first step involves material definition. The geometry analysed comprises of structural steel material and con-

crete material. The material properties of structural steel are shown in figure 4.1 below. The material properties 

of steel are taken from ANSYS library file [43].  

 

Figure 1. Steel Material Properties [43]  

 

Figure 2. Concrete Material Properties [44] 
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The material properties of concrete for bridge deck are shown in figure 5 below. The material properties of con-

crete are taken from literature [44]. 

The CAD model of bridge along with I shaped girder is developed in ANSYS design modeller using sketch 

and extrude tools. Initially bridge deck is modelled followed by I shaped girders. The dimensional variables are 

defined in ANSYS design modeller. These dimension variables are H1 and V2 as shown in figure 4.3 below. H1 

is the width of girder and V2 is the thickness. 

 

Figure 3. Selection of dimensional variables 

2.1 Response Surface Optimization  

The response surface method (RSM) is a “set of mathematical and statistical techniques that are useful for ana-

lyzing problems in which several independent variables affect a dependent variable or response” [45]. The goal 

is to optimize this response. “We denote the independent variables of X1, X2, X3, X4 ……. Xn and assume that 

these variables are continuous and can be controlled by the experimenter with negligible error” [46]. The rela-

tionship between the dependent variable and the independent variable can be represented as 

                                           y = f (X1, X2, X3, X4……. Xn) + 𝜀 

where ε represents the noise or error observed in the "y" response. 

If we denote the expected answer with 

                      E(y) = f (X1, X2, X3, X4……. Xn) = 𝜂 

then, the surface represented by 

f (X1, X2, X3, X4……. Xn) = 𝜂 

is called the response surface [46]. The input parameters selected for optimization are shown in table 5.3 below 

and represented in figure below. 

3. Result and Discussions 

The vibrational analysis is conducted on bridge deck to determine natural frequencies and corresponding mode 

shapes. The 1st 5 natural frequencies are determined for bridge without any crack. 
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Figure 4. 1st mode shape of un-cracked geometry 

The 1st natural frequency of bridge without any crack is 4.44Hz as shown in figure 5.1 above. The frequency 

mode shape is transverse type and maximum amplitude of deformation obtained is .0984mm. 

 

Figure 5. 2nd mode shape of un-cracked geometry 

Table 1. Natural frequency comparison table 

Design Type 1st natural fre-

quency 

2nd natural fre-

quency 

3rd   natural 

frequency 

4th   natural 

frequency 

5th   natural 

frequency 

Without crack 4.4421 4.8992 9.1098 12.962 14.272 

With crack 4.6439 5.0907 9.237 13.328 14.488 

 

Table 2. Natural frequency deformation table 

Design Type 1st natural fre-

quency 

2nd natural fre-

quency 

3rd   natural 

frequency 

4th   natural 

frequency 

5th   natural 

frequency 

Without crack .0984 .157 .183 .1018 .1609 

With crack .0991 .1586 .18394 .10233 .16061 
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Figure 6. Natural frequency comparison 

The natural frequency comparison plot is obtained from the analysis. The natural frequency of bridge without 

crack is observed to be higher than bridge without crack. This is observed for all the natural frequencies.  

 

Figure 7. Natural frequency deformation comparison 

The natural frequency deformation plot is obtained from the FEA analysis. For 1st 4 natural frequencies, 

the deformation is observed to be higher for bridge with crack and is observed to be lower for bridge without 

crack. For 5th natural frequency, the bridge without crack has higher deformation as compared to bridge with 

crack. 

 

3.1 Effect of girder variables on vibration characteristics (using Response Surface Optimization) 

The response surface optimization of bridge is conducted using Taguchi Design of Experiments. The design points 

are generated with different values of girder_width and flange_thickness using central composite design scheme. 

The design points generated are shown in chart 5.6 below. The deformation obtained for 1st, 2nd, 3rd ,4th and 5th 

natural frequencies are evaluated using techniques of FEA. The deformation values are shown in column D,E,F,G 

and H. 
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Figure 8. DOE chart for different dimensions of girder_width and flange_thickness 

3.2 Effect of crack variables on vibration characteristics (using Response Surface Optimization) 

The response surface optimization of bridge with crack on I shaped girder is conducted using Taguchi Design of 

Experiments. The design points are generated with different values of crack_minor and crack_major using central 

composite design scheme. The design points generated are shown in chart 5.32 below. The deformation obtained 

for 1st, 2nd, 3rd ,4th and 5th natural frequencies are evaluated using techniques of FEA. The deformation values 

are shown in column D,E,F,G and H. 

 

Figure 9. Design points generated for bridge with crack 

4. Conclusion 

The use of FE computer simulation is a viable tool in determining the vibrational characteristics of bridge with I 

shaped girders.  From the modal analysis conducted on straight bridge, the type and nature of bridge deformation 

is determined which provided significant information on critical regions and natural frequencies. The 1st response 

surface optimization technique is used to determine the effect of I shaped girder design variables on vibrational 

characteristics. Similarly, 2nd response surface optimization technique is used to determine the effect of crack 

dimensions on vibrational characteristics of bridge. 

The detailed findings are: - 

1. From the response surface optimization on girder dimensions, it was observed that the 5th frequency 

maximum deformation is obtained for flange_thickness ranging from .091mm to .109mm and 

girder_width ranging from .45mm to .48mm.  
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2. From the response surface optimization on crack dimensions, it was observed that the maximum 5th  

frequency deformation is observed for crack_major dimensions ranging from .082m to .098m and 

crack_minor dimensions ranging from .019m to .0195m. The deformation is minimum for regions 

shown by dark blue colored region.   

3. For 1st frequency deformation, crack_minor dimension has higher sensitivity percentage (69.5%) as 

compared to crack_major (23.61%) dimension which signifies that crack_minor has higher effect 

on 1st frequency deformation and crack_major has lower effect on 1st frequency deformation.  

4. For 2nd  frequency deformation, crack_minor dimension has higher sensitivity percentage (70.1%) 

as compared to crack_major dimension (29.9%) which signifies that crack_minor has higher effect 

on 2nd  frequency deformation and crack_major has lower effect on 2nd  frequency deformation. 

5. For 3rd  frequency deformation, crack_minor dimension has higher sensitivity percentage (33.23%) 

as compared to crack_major dimension (22.92%) which signifies that crack_minor has higher effect 

on 3rd frequency deformation and crack_major has lower effect on 3rd frequency deformation. 

6. For 4th  frequency deformation, crack_minor dimension has higher sensitivity percentage (76.86%) 

as compared to crack_major dimension (20.44%) which signifies that crack_minor has higher effect 

on 4th frequency deformation and crack_major has lower effect on 4th frequency deformation. 

7. For 5th  frequency deformation, crack_minor dimension has higher sensitivity percentage (86.6%) 

as compared to crack_major dimension (13.54%) which signifies that crack_minor has higher effect 

on 5th frequency deformation and crack_major has lower effect on 5th frequency deformation. 

8. For 1st frequency deformation, the girder_width has higher sensitivity percentage of 83.45 whereas 

flange_thickness has lower sensitivity percentage of 16.39 which shows girder_width has higher 

effect on 1st frequency deformation and flange_thikness has lower effect on 1st frequency defor-

mation.   

9. For 2nd frequency deformation, the girder_width has higher sensitivity percentage of 77.06 whereas 

flange_thickness has lower sensitivity percentage of 22.75 which shows girder_width has higher 

effect on 1st frequency deformation and flange_thikness has lower effect on 2nd frequency defor-

mation.   

10. For 3rd  frequency deformation, the girder_width has higher sensitivity percentage of 75.77 whereas 

flange_thickness has lower sensitivity percentage of 24.15 which shows girder_width has higher 

effect on 1st frequency deformation and flange_thikness has lower effect on 3rd  frequency defor-

mation.   

11. For 4th natural frequency deformation, the girder_width has higher sensitivity percentage of 83.94 

whereas flange_thickness has lower sensitivity percentage of 15.28 which shows girder_width has 
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higher effect on 1st frequency deformation and flange_thikness has lower effect on 4th frequency 

deformation.   

12. For 5th natural frequency deformation, the girder_width has higher sensitivity percentage of 85.51 

whereas flange_thickness has lower sensitivity percentage of 16.28 which shows girder_width has 

higher effect on 1st frequency deformation and flange_thikness has lower effect on 4th frequency 

deformation. 
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