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ABSTRACT 

The aim of the present study is to sum up all the topics related to conventional and integral bridge vibration and focus the effects of scour on conventional and 

integral bridge and finally to suggest future directions of research and innovation. Cracks or crevasses in girder steel bridges caused by moist environmental issues 

such as corrosion have the possibility of causing structural destruction, resulting in the loss of unanticipated events, assets, and human life. This obliteration can be 

overlooked if cracks are resolved early. The cracks in the bridge girder alter its strength and vibration characteristics. The current study examines various studies 

in the field of crack detection/damage detection that have been conducted using various numerical techniques. Analysis of finite elements (FEA) can be highly 

useful in protecting a structure from damage and cracks. The review deals with the investigation of damage commencing from environmental exposure conditions 

which can be studied via various numerical investigations by means of simulation techniques. 
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1. Introduction 

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. 

India has the 2nd largest network of roads with 4.7 million km. It has up to 0.65 km of road for a sq. Km of land which is more than USA(0.65) and 

China(0.16). This network of road transport approximately is more than 60% of all goods in the country and 85% of total passenger traffic. [4]. Road 

activity has massively progressed over the last past years with improvement in connectivity between various major cities, towns and villages. Government 

of India under the "Ghatishakti yojan" has reserved 20% of the total budget investment for infrastructure to develop roads. Vehicle loads are applied to a 

bridges. These structures are becoming slender and, as a result, prone to large amplitude vibration as a result of demand and new construction technology. 

An appropriate vehicle vibration model is made to learn these cases. The vehicle motion of a bridge is self-sustaining and random in nature. The 

maintaining of a safe and reliable civil infrastructure is important to a national economy and the well-being of all residents. Vibration is an oscillatory 

motion and the structure can be classify based on Analysis is Static and Dynamic, in bridge the Static load of vehicle impart full load of vehicle on Bridge 

but no induced of Force to vibrate the system until the application. in the Dynamic analysis the vehicle is on bridge it imparts a partial load on bridge and 

it also induce some vibration on bridge. By D'Alembertz principle moving mass generates inertia force it indicates the moving object force dependents 

on Vehicle load, moving acceleration, damping of the system to cause inertia and system stiffness. the object produces dynamic force on surface of the 

road and in the bridge deck. Bridge should resist these loads and also vehicle also generate lateral force on surface. These dynamic excitations while 

cause the bridge to vibrate, Vibration will lead to the behavior of the system. if the bridge is in weak nature will give more frequency. These frequency 

and displacement can be solved by several ways there are 1) Classical Methods of solution 2) Duhamal Integration Solution 3) Transform Methods 4) 

Numerical method.  

Critical damping is required to remove vibration energy in the system Cr = 2m*Wn and Damping ratio is the relative value of the Critical damping of 

that system. Damping can be evaluated by the experiments, it is part of nonlinear of the material, The role is to removal of Kinetic energy and Forced 

energy from the vibrating structure and by virtue of which the amplitude of Vibration decrement steadily. The dampers will convert potential energy and 

kinetic energy into heat, friction and wave properly into structure.  

The natural frequency of the system is depending on physical property, Elasticity modulus, and length of the span majorly. The frequency ratio is defined 

as ratio of forcing frequency to natural frequency. At frequency ratio is one then forcing and natural frequency are equity, then the Transmissibility of 

amplitude, acceleration and velocity is inseminated. It can be control by dampers in one way and other way is it's maintenance, operation and evaluation 
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of bridge strength by implementing the regulation of the outcome. On operation of bridge the physical properties get deteriorate with time. For the old 

operation bridge can be evaluate on regular time after half years of the life span. 

2. LITERATURE REVIEW 

Zhang et al. (2019e) [12] has worked on development of existing accelerometer using insulator (silicon) technology. The seismic structural seismic 

response test is conducted by the researcher using capacitive accelerometer. Besides these techniques, the latest methods like ultrasonic method and 

radiation method are also used for detection of internal defects for concrete structures.  

Carreras et al. (2019) [13] has used X-ray photography to detect cracks induced in metals by using x-ray photography. The load displacement curves 

along with acoustic emission techniques can also be used.   

Sun and Zhen (2019) [14] has worked on detection of damages in steel bridge coated structure. These damages are not visible by naked eyes. The damage 

detection technology involves use of thermal imaging technology and other electronic sensing devices.  

Su et al. (2019b) [15] has worked on establishing relationship between damage deection and its effect on magnetic signal along with its gradient value. 

The research findings have shown that magnetic signal changes with change in the location and magnitude of stress concentration. Besides using magnetic 

signal technology, the scanning electron microscope (SEM) can also be used.  

Ghassemi and Toufigh (2020) [16] has conducted studies on damage detection of epoxy polymer concrete structures using Scanning Electron Microscope 

(SEM). The findings have shown that any change in microstructure of concrete (after exposing to moisture for 1 year) is easily observable using SEM.  

Zhou et al. (2019b) [17] has worked on the usage of metal magnetic memory technology in corrosion detection of galvanized steel strand cable. The 

technology has benefits than conventional technology which fails to detect internal corrosion in galvanized steel strand cable.  

Macho et al. (2019) [18] has conducted investigation on crack propagation in RC bridge decks. The research findings have shown that damage (cracks) 

developed in bridge decks increased (crack propagation) due to corrosion which also affected the fatigue life of bridge decks.  

Gao et al. (2019) [19] has conducted investigation of damages in steel bridge caused due to manufacturing defects and residual stresses caused by welding. 

These residual stresses are developed during the manufacturing process of bridge structures. The bridge structures get degraded due to coupled effect of 

vehicle load as well as ocea loads. The researches has emphasized the need to study the effect of sea water corrosion on structural fatigue damage.  

Cui et al. (2019a) [20] has also investigated the effect of sea water corrosion on deterioration of steel bridge structures. The microscopic and mesoscopic 

mechanism of crack initiation as well as crack propagation is elucidated.  

Yang and Nagarajaiah (2014) [21] has worked on damage identification of steel structurus by analyzing vibration characteristics using wavelet transform 

data.In the process, the “structural vibration responses were transformed into a wavelet domain and then fed as mixtures into a blind source separation 

model, which was examined through independent component analysis. Consequently, the damage information hidden in wavelet-domain signals was 

clearly revealed by a sharp spike” [21]. Apart from this technique, the HHT technique can also be used which is based on analysis of time-frequency data 

and processes nonstationary and non linear signals.  

Dong et al. (2013) [23] used a “vector auto-regressive (AR) moving average (ARMA) model, unlike conventional HHT, to represent intrinsic mode 

functions (IMFs) obtained from the empirical mode decomposition (EMD) of vibration signals”[23]. On the basis of ARMA coefficients, the damage 

index was defined which indidicated the severity of damage.  

Bao et al. (2013) [24] has used HHT method for identification of structural damage and presented the results on the basis of levels ranging from 1-3. The 

level 1 represented low level damage whereas level 3 represented high level damage.  

Han et al. (2013) [25] has worked on identification of damage in civil structures using modal analysis method and HHT method. Besides these techniques, 

the other methods employed in the analysis are are “random decrement (RD), natural excitation and stochastic subspace identification” [25]. 

Aied et al. (2016) [26] has worked on damage detection of bridge structures by analyzing sudden change in stiffness using EMD technique. The technique 

had been successful even during high vehicle speeds and presence of rough profiles and noisy signals.  

Li et al. [27] (2010) has used acceleration data obtained from FD technique to determine the presence of cracks induced in building structures. The time 

frequency data was calculated using box counting method and WT is applied subsequently.  

Hester and González (2012) [28] has used wavelet transform to determine wavelet energy content. The variation of wavelet energy indicator could enable 

to identify the location of damage and intensity of damage.  

Roveri and Carcaterra (2012) [29] has used HHT technique to identify location of damage in bridge structure using single point response obtained from 

the device. The 1st peak in HHT monitor represented damage in the bridge structure. 

Kunwar et al. (2013) [30] has worked on identification of crack location developed on bridge subjected to transient vibration loads. The Hilbert spectrum 

is used which displays peak in amplitude at the location of crack. 
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Hakim and Razak (2013) [31] has worked on damage detection in steel girder bridge using artificial neural network with natural frequencies. The author 

had compared the results obtained from ANN (artificial neural network) can compared it with the results obtained from adaptive “neuro fuzzy” system. 

The damage identification method is more robust as compared to exisiting one.  

Neves et al. (2017) [32] has developed ANN based technique for damage detection of bridge structures. The ANN methodology involves collection of 

acceleration data from healthy bridge. The Gaussian process is used to statistically characterize predicted errors. The structural condition of bridge 

structure is then determined as healthy or damaged on the basis of damage indices.  

Kim et al. (2003) [33] has conducted studies to determine the effect of vehicle traffic on vibrations induced in bridge structures. The analysis is conducted 

using vibration accelerometer instrument and it was observed from the results that movement of vehicles on the bridges causes change in dynamic 

characterisitics of bridge structures. These dynamic characteristics are also influenced by the damages induced in the bridge by environmental factors 

and external loads [34].   

Dimarogonas [35] has presented a review on dynamic behaviour of bridge deck structures subjected to external excitation due to moving vehicles. Various 

researches are done on beams with several cracks and in the simulation, these cracks are represented by massless springs which are rotationless [36,37]. 

These cracks cause release of energy with higher beam deformation and ither methods like transfer matrix method is also proposed [38-40].  

Saavedra and Cuitino (2001) [41] has worked on development of analytical method which employs modeling of multibeam systems. These multibeam 

systems comprised of tranverse cracks. The “strain energy density” function was defined which is based on flexibility matrix of cracked element. The 

results obtained using analytical method did not matched with the experiemental results. However, the “transfer matrix” method is regarded as efficient 

method of investigating free vibration characteristics of cracked beams.  

Lin et al. (2002) [42] has used transfer matrix method to study the effect of cracks on vibration induced in the beams. This method was based eigenvalues 

but the investigation did not take in to account of vehicle movement on the bridges. 

3. CONCLUSION 

Vibration analysis by experiment on a bridge is a complex method due to various factors defining the dynamic response. It can be determined that the 

results of the experiment data are related to the bridge system. several to conduct experiments like SHM, NDT numerical analysis, and a comparative 

study between a standard bridge and a test bridge. According to the preceding review, several researchers have provided numerous methods for modeling 

harm with varying degrees of accuracy. The formation of a crack in a steel structure might result in changes in vibration response such as natural frequency, 

mode shape, and so on, which can be examined using multiple techniques of simulation and modeling in a simple, easier, and effortless manner. As a 

result, it is a well-known fact that various fracture diagnosis procedures aim to ascertain the physical integrity of the structure exposed to vibration. The 

cracks in the bridge girder alter its strength and vibration characteristics. The current study examines various studies in the field of crack detection/damage 

detection that have been conducted using various numerical techniques. Analysis of finite elements (FEA) can be highly useful in protecting a structure 

from damage and cracks. The review deals with the investigation of damage commencing from environmental exposure conditions which can be studied 

via various numerical investigations by means of simulation techniques. To evaluate the present condition of the bridge. 
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