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Abstract— The scope of this paper covers modal analysis of 

structures as a vital process of structural identification. The 

vital dynamic parameters of a structure such as the natural 

frequency or modal frequency of the structure, mode shapes 

or the deflection shape of the structure, damping ratios and 

the significant effect of resonance which occurs as a result 

of coincidence of natural frequency of the structure with that 

of dynamic load the structure is subjected to are often 

neglected  in the design of these structures .Structural 

Identification (St-Id) can be defined as the process of 

creating/updating a model of a structure based on 

experimental observations. It involves the determination of 

dynamic parameters through theoretical calculations derived 

from first principles, experimental procedure followed by 

mathematical modelling user friendly software. It lists out 

the significance of modal analysis and its role in structural 

identification of especially structures subjected to dynamic 

loading. 
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I. INTRODUCTION 

There is sufficient evidence that our current knowledge base 

on the loading, behaviour and performance of constructed 

systems is greatly incomplete, especially when new 

construction materials and systems are considered. The 

significant epistemic uncertainty prevailing in the actual 

loading mechanisms, intrinsic force distributions, 

kinematics, failure modes and capacities of existing 

constructed systems, especially after aging may lead to 

discrepancies between predicted responses and capacities 

that are different by more than an order of magnitude, and 

not always in a conservative way. Many members, joints 

and connections may be loaded less than assumed while 

many others may be loaded with demands that are far 

greater than anticipated. Some of the mechanisms that may 

control the distribution of demands and the corresponding 

capacity at the critical regions of constructed systems are 

often very difficult to discover and quantify even with 

measurements unless a rigorous St-Id is carried out by 

experts. Therefore, systematic applications of St-Id to well 

selected samples of constructed systems is considered 

important if civil engineering in the USA will move from 

specification-based project delivery to a performance-based 

one with long-term warranty, This report talks about modal 

analysis of structures as a vital process of structural 

identification. Structural Identification (St-Id) can be 

defined as the process of creating/updating a model of a 

structure based on experimental observations which have 

been validated based on theoretical calculations and 

analytical methods. It involves the determination of dynamic 

parameters through the theoretical calculations using 

formulae derived from first principles, by experimental 

procedure and followed by mathematical modelling in 

MATLAB. It lists out the significance of modal analysis and 

its role in structural identification of especially structures 

subjected to dynamic loading. The relevance of modelling 

assumptions in theoretical analysis has been relooked with 

respect to the results obtained from experiments. 

 
Fig.1: Model of the beam 

II. FIRST PRINCIPAL MODAL OF ANALYSIS 

Natural frequency and mode shapes are the function of 

structural properties and boundary conditions. A cantilever 

beam has a set of natural frequency and associated mode 

shape. If the structural properties change, the natural 

frequency change, but the mode shapes may not necessarily 

change. For (eg), if the elastic modulus of the cantilever 

beam is changed, the natural frequency change but the mode 

shape remains the same. If the boundary conditions change 

the natural frequency and mode shapes both change. For 

(eg) if a cantilever beam is changed to be pinned at both 

ends, the natural frequency and mode shapes both change 

.The solution of the equation of motion for natural 

frequencies and normal modes requires a special reduced 

form of the equation of motion. if there is no damping and 

no applied loading , the equation reduces  

                            [M] {Ű} + [K] {u} = 0 

This is the equation of motion for undamped free 

vibration to solve equation 1, assume a harmonic solution of 

the form  

{u}= { } sin ω t ω = the circular natural frequency 

Aside from this harmonic form being the key to the 

numerical solution of the problem, this form also has a 

physical importance. The harmonic form of the solution 

means that all degrees of freedom of the vibrating structure 

move in a synchronous manner .the structural configuration 

does not change its basic shape during motion ; only its 

amplitude changes .If differentiation of the assumed 

harmonic solution is performed and substituted in the 

equation the following is obtained 

ω2[M]{ }sin ωt + [k]{ } sin ωt = 0 

([k] - ω2[M] ) { } =0                                      

This equation is called the eigen equation, which is 

a set of homogeneous algebraic equations for the 

components of the eigen vector and forms the basics of 

eigen value problem.  
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III. PLANE STRESS AND STRAIN CONDITION 

An example of practical interest is that of a thin plate which 

is being pulled by forces in the plane of the plate. Figure 5.1 

shows a plate of constant thickness, t subjected to axial and 

shear stresses in the x and y directions only. The thickness is 

small compared to the other two dimensions of plate. These 

stresses are assumed to be uniformly distributed over the 

thickness t. The surface normal to the z-axis is stress free. 

 
Fig. 2: Case of plane stress 

IV. EULER BERNOULIUM BEAM THEORY 

The dynamic analysis of structures, modelled as lumped 

parameter systems with discrete coordinate was presented in 

part 1 for single degree of freedom system and parts 2 and 

parts 3 for multi degree of freedom systems. Modelling 

structures with discrete coordinates provides a practical 

approach for analysis of structures subjected to dynamic 

loads. However, only approximate results are obtained.In 

this chapter the dynamic theory of beams subjected to 

distributed mass and elasticity for which the governing 

equations are partial differential equations. The integration 

of these equations are complicated and hence the dynamic 

analysis as continuous systems has limited use. 

Nevertheless, the analysis of some simple structure provides 

results which are great importance in assessing approximate 

methods base on discrete models. 

V. MODE SHAPES AND THEIR SIGNIFICANCE 

 

Fig. 3: Resultant displacement and modal shapes 

VI. EXPERIMENTAL PROCEDURE 

Experimental investigation has been carried out to determine 

the dynamic response of the beam under harmonic 

excitations. The material of the beam used for the study is 

reinforced concrete having a span of almost 3m and cross 

sections 150mmx200mm. The end conditions are simply 

supported.Young’s modulus E = 3.2x104 N/mm2, Poisson’s 

ratio µ=0.20, density = 2500kg/m3. The experimental set 

up for transient excitation consists of accelerometer, Modal 

shaker, FFT (Fast Fourier Transform) analyser, shown in the 

figure, charge amplifier and suitable conditioning amplifier. 

Modal shaker has been used for giving the time history of 

force and response are obtained in the form of real and 

imaginary through the FFT analyser. The spectrum 

averaging technique of the multichannel data in FFT 

analyzers removes the random noise and nonlinearities from 

Frequency Response Function (FRF) estimates. The time 

domain data has been converted to frequency domain and is 

collected in the form of FRF which gives the ratio between 

the response acceleration and the input force. Mode shapes 

are obtained from the collected signal obtained through the 

FFT.  Typical graphs were taken along the grid points 

marked on the surface of the beam. 

 
Fig. 4: Testing of beam 

The peizo accelerometer is placed at vantage points 

on the beam so that the acceleration response at those points 

can be obtained. The obtained responses are then amplified 

using an amplifier. The amplified signals in time domain are 

fed into the digital spectrum analyser.  

This spectrum analyser converts the signals in time 

domain to frequency domain. The resultant graphs 

representing the responses are displayed on the monitor the 

digital spectrum analyser process the obtained result.  

VII. DESCRIPTION OF EXPERIMENTAL PROGRAM 

The experimental set up for the transient excitation consist 

of accelerometer, impact hammer (TYPE= 8202B&K), FFT 

analyser (FAST FOURIER TRANSFORM), charge 

amplifier and suitable conditioning amplifier. Modal shaker 

has been used for giving sweep sine and harmonic 

excitation. Time history of forces and response are obtained 

in the form of real and imaginary through the FFT analyser. 

The time domain data is been converted into the frequency 

domain and it is collected in the form of FRF (frequency 

response function) which gives the ratio between the 

response acceleration and the input force. Mode shapes are 

obtained from the collected signal obtained through FFT 

analyser. 
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Fig. 5: Beam placed in a position 

VIII. RESULTS FROM THE EXPERIMENT 

The following image shows the experimental test results 

which provide the graphs indicating the modal frequencies 

at which the beam will vibrate when subjected dynamic 

loading. The readings are suitably taken at three points of 

dof on the beam to obtain all three modal frequencies and 

corresponding mode shapes. The range of frequency of the 

dynamic vibration applied on the beam lies between 5 to 

300 Hz. The modal frequencies associated with the 

corresponding beam obtained from test results are as 

follows: 

Modal frequency corresponding to first mode: 40 Hz 

Modal frequency corresponding to second mode: 139Hz 

Modal frequency corresponding to third mode: 244.3 Hz 

Condition Mode 1 Mode 2 Mode 3 

Simply supported 40.88 163.5 367.9 

Fixed 92.67 255.44 500.78 

Table 1. Comparision of results 

Thus it can be seen that the experimental results lie 

in the same range as those results obtained through Matlab 

analysis and theoretical calculation based on Euler Bernoulli 

beam theory as far as the first mode response of the beam is 

considered. But towards the higher modes, the actual 

experimental modal analysis result varies significantly with 

the theoretical ones. Sweep sine ranging from 5 to 300 Hz 

was able to capture the third mode but theoretical results lie 

above 300Hz. This is one of the important results as it 

reminds us for the modifications/changes in assumptions 

(e.g:- Timoshenko beam theory) required to the theoretical 

results.  

IX. ANALYSING OF MODEL IN STAAD.PRO 

With the widespread construction of large scale 

infrastructure it has become necessary to ascertain 

appropriate maintenance methods through which it is 

possible to detect damage based on verifiable quantitative 

data and suggest appropriate correction techniques. The 

variation in frequencies and mode shapes is a credible index 

for determining damage. The data of mode shapes possess 

the possibility of initial damage because it varies 

significantly even for local damage. However even with the 

advancement of technology it is difficult to determine the 

mode shapes of large infrastructure adequately 

 
Fig. 5: Base plan of the building 

In case of large infrastructures like bridge decks 

vibration measurements have to be done at large number of 

spatial locations. Such measurement cannot be made using 

currently available attachment type accelerometers due to 

the limited number of accelerometer instrumentation 

locations and due to the problems associated with the 

networking of these devices. Also on the other hand mode 

shapes have to be indentified without prior knowledge of 

input excitation such as wind force, traffic load and ground 

motion because of difficulty of measurement. Let us 

consider the following case study to understand the 

significance of modal analysis in case of large infrastructure. 

 
Fig. 7: Top view of the building 

Collecting ambient vibration data from many runs 

makes it possible to compute statistical measures for the 

identified vibration modes. In this section a statistical 

analysis of the vibration modes of the Amirtha girls hostel 

building. The vibration frequencies, damping ratios and 

mode shapes for the main-span are identified using the 

ARMA method and stabilization graphs for data from all 

174 runs of the network. Then this information from 

multiple runs is used to make statistical inference about the 

modes and to obtain probabilistic estimates of the modal 

properties. The confidence intervals are compared with the 

results from other methods to make statistical inference 

about the accuracy of the identified vibration modes. The 

results of system identification are used to estimate 

statistical properties of vibration frequencies, damping ratios 

and mode shapes for the vertical, torsional and transverse 

modes of the main-span .The histograms for vibration 

frequencies and damping ratios are plotted with the mean 

value centered at the origin over a range of 3.5-times the 

standard deviation. Figure shows a sample of the histograms 

of the vibration frequencies and the damping ratios for the 
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vertical modes. Overall, twenty-five (25) vertical, nineteen 

(19) torsional and twenty-three (23) transverse modes with 

frequencies less than 5 Hz are identified. The vertical axes 

of the graphs are the identified mode numbers. 

 
Fig. 8: Highest frequency mode shapes 

For mode shapes, a sample of the mean value and 

95% confidence intervals of each node for the lowest five 

vertical modes are plotted in Figure. The confidence 

intervals are small for both lower and higher mode shapes, 

which is an indication of the high quality of data within the 

frequency range up to 5 Hz 

X. DISCUSSION AND RESULT 

The experimental investigation helped to obtain the 

frequency response functions-FRF- and the modal 

parameters through testing of structures. As clear 

understanding of the mode shapes are essential for the 

design process for structures subjected to dynamic loading, 

the same has been carried out on a structural element and the 

true principal characteristics of the system is identified. It is 

found from the experimental results that towards the higher 

harmonics the analytical results based on Euler Bernoulli 

assumption does not hold good with real practical conditions 

and thus requires modified theoretical                                         

XI. CONCLUSION 

Determination of natural frequencies and mode shapes are 

essential for design of structures in a dynamic environment, 

Subsequent model updating quantifies the effectiveness of 

upgrading work dynamic responses of structures are of 

extreme importance for the evaluation of seismic behaviour 

of structures. Natural frequencies, mode shapes and 

damping, and the effect of resonances are often neglected in 

seismic design and require research attention advances in 

R&D efforts in the direction have facilitated verification of 

experimental results using theoretical output developed by 

analytical models, in a reliable manner. Analytical dynamic 

investigation is an integral part of design effort. Many of the 

uncertainties, which cannot be modelled by manual 

methods, can be easily find out by Staad,pro Software. 
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