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Abstract: Seismic analysis is a tool for the estimation of 
structural response in the process of designing earthquake 
resistant structures and or retrofitting vulnerable existing 
structures. In this present study seismic analysis of slab 
Bridge model is done. A simple slab bridge is considered 
and it is scaled down as a SDOF lumped mass model. 
Seismic analysis is done using horizontal type shake table 
by simulating earthquake similar ground motions. Each 
Model is checked for the vibration and resonance using 
Dewesoft Data Acqusition system software while testing 
on shake table. Each model’s natural frequencies for 
vibration is found out using Dewesoft Data Acqusition 
System through accelerometer sensors. Dynamic analysis 
of models are done considering it as thin element in 
ETABS and its modes, time periods and frequencies are 
compared with data acquisition systems software’s results 
and manual calculation results. Calibration of sensors is 
done using free vibration test and validation was done by 
doing analysis in Midas Civil Software. 

 
I.  INTRODUCTION 

 
Roads and bridges are vital components of modern 
transportation. World-wide, a large number of bridges 
were constructed at a time when bridge code authorities 
did not consider seismic design measures Structures are 
often subjected to two types of loads: static and dynamic. 
The influence of dynamic load is not considered since the 
structure is rarely subjected to dynamic loads; moreover, 
including it in the analysis complicates and lengthens the 
solution. This trait of ignoring dynamic forces can 
occasionally be the source of tragedy, especially in the 
event of an earthquake. There is a rising interest in the 
process of designing structures that can sustain dynamic 
stresses, particularly earthquake-induced loads, these 
days. The use of scale models in earthquake engineering 
was a well-established technique, particularly in the 
construction of concrete buildings within their elastic 
limits. Scale model testing allows intricate relationships 
between numerous physical variables to be preserved. A 
shake table is an essential piece of equipment for 
analysing the dynamic behaviour of structural 
components; the entire system operates in a manner 
comparable to that of a genuine earthquake by simulating 
ground movements comparable to those experienced 
during earthquakes. In our study seismic analysis of 
simple slab Bridge model is done. A simple slab bridge is 
considered and it is scaled down as SDOF lumped mass 
model and it is analysed using a shake table. 

LITERATURE REVIEW 

Roopa M.1 , Venugopal H et al (2020) “Static and 
Vibration Analysis of Bridge Deck Slabs “On 
skew decks, they performed some study. In this 
work, the static and vibration behavior of skew slab 
bridge decks was examined using finite element 
analysis. These included dead loads, IRC class A 
loading, and edge stiffened deck slabs as well as 
static loading scenarios with dead loads and edge 
stiffening. This deck had a skew angle of 30° and an 
aspect ratio of 0.40, which allowed them to study 
the effects of area stiffening and bearing flexibility 
on static performance. On skew slab bridges of 
various skew degrees and aspect ratios, vibration 
experiments were also conducted. With an 
increasing number of deck slabs comes an 
increasing maximum deflection as well. Aspect ratio 
affects deck slab maximum deflection, maximum 
longitudinal sagging bending moment and second 
fundamental frequency, according to the study's 
findings. Deck slab maximum deflection rises with 
aspect ratio at all stress levels. This frequency drops 
with increasing aspect ratio. 

Mahesh Kumar C.L., Shwetha K.G., et al. 
“Structural Health Monitoring of Bridges Using 
Sensors” (2021) As a tool for identifying structural 
damage, structural health monitoring aids in the creation 
of systems for diagnosing structural issues and finding and 
categorising them. As a result of this thorough bridge 
analysis, it is possible to develop a maintenance plan that 
will assure a structure's long-term operational life. An 
STAAD Pro-based scaled bridge model has been created 
and is being installed, studied and designed. It's possible 
to monitor the dynamic vibrations of a scaled bridge using 
an accelerometer sensor by using a vibrator. Time domain 
graphs are created using telemetry software. To transform 
a time domain graph into a frequency domain graph, 
MATLAB uses the graph it creates. As a consequence of 
the tests, the healthy structure is replaced by the damaged 
one. Compared to a healthy structure, the resulting 
structural graph responses indicate a drop in natural 
frequency. 

Xu, Li, et al “Longitudinal seismic responses of a 
Cable-stayed bridge based on shaking Table tests of a 
half-bridge scale model” (2019), Finite element 
modeling and shaking table experiments were used to 
analyze the seismic response of a symmetric long-span 
cable-stayed bridge when subjected to longitudinal 
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uniform excitations. Shaking table testing was 
investigated using a simplified half-bridge size model. 
They built a 1:40 size replica of the half bridge for 
shaking table testing. The girder was constructed using 
Q370qD steel, which has a Young's modulus of 206 GPa. 
The prototype's tower, piers, girders, and cables were 
used to construct the scale model's major components. 
The longitudinal structural responses were compared 
using finite element analysis and shaking table testing.
 
Kothari, Vaibhav, Pranesh Murnal et al.
analysis of skew bridges.” (2015) These data were used 
to examine the impact of skew angle on the natural 
frequency of the whole bridge. Shockwave structural 
response was also studied. Absolute acceleration was 
shielded by a superstructure. A 50-degree maximum skew 
angle was used in the seismic study, which was based on a 
unidirectional ground motion in the longitudinal direction 
of the bridge that was in accordance with the design 
acceleration spectrum. Traditional numerical techniques 
were utilized to analyze the dynamic behavior of the 
bridge. Seismic reactions are affected by the bridge's skew 
angles, and more skewers are expected to increase deck 
acceleration. As a result of its skewers, the bridge 
produces not just bearing responses, but also skewers and 
a reaction in the direction of applied force. Stakeholders 
also agreed on the necessity for an in-depth examination 
of the highway bridge's architecture as well as earthquake 
ground motion data in order to evaluate its seismic 
performance. 

Saiidi, M. Saiid, Ashkan Vosooghi, and Robert B. 
Nelson (2013), Three-span, 110-foot-long RC bridge 
model with a continuous post tensioned superstructure 
supported on three, 2-column bents was tested for shake
table response during horizontal bidirectional coherent 
simulated earthquakes. These changes resul
unbalance near the bridge's midway. As the 
superstructure's ends were supported, hydraulic actuators 
simulated the movement of seat-type abutments. Using a 
modified version of a Northridge Earthquake recording 
from 1994, the bridge model was subjected to successive 
shocks. 

III. OBJECTIVES 

 To prepare an equivalent scaled model 
bridge using a different material.  

 To produce factored seismic loads and
the model using a shake table. 

 To do the analysis of the seismic characteristics of a 
slab bridge and comparing it to its scaled prototype 
model. 

 
IV. METHODOLOGY
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Fig 1 Methodology

V. EXPERIMENTAL INVESTIGATION 
 

A simple span slab bridge from standard plans was 
considered and it was scaled down. Scaled down model 
was prepared as a lumped mass model, where models 
were placed in a staggered manner over a steel base plate 
of 10mm thick in order to facilitate vibrations without any 
collision with each other. The base plate i
the shaking table to assure complete fixity. The 
aluminium columns are fixed to base plate with the 
of an angle section ISA 50 x 50 x 
gazetted connection. Connected length 
assumed to be rigid, so the effective length of the member 
is measured from the top of the gazette connection to 
centre of gravity of mass. All the four masses are fixed 
with approximately same mass but varying column length 
so as to vary the stiffness. Columns are idealized as 
cantilevers fixed at bottom and free at top in 
determination of lateral stiffness. Seismic analysis is done 
using horizontal type shake table by simulating 
earthquake similar ground motions. 
checked for the vibration and resonance using Dewesoft 
Data Acqusition system software while testing on sha
table by connecting the accelerometer sensors to the beam 
at the base of mass. Each model’s natural frequencies 
vibration is found out using Dewesoft 
system, accelerometer sensors. Dynamic analysis of 
models is done using ETABS software by 

 

Fig 1 Methodology 

EXPERIMENTAL INVESTIGATION  

A simple span slab bridge from standard plans was 
Scaled down model 

was prepared as a lumped mass model, where models 
re placed in a staggered manner over a steel base plate 

of 10mm thick in order to facilitate vibrations without any 
ith each other. The base plate is rigidly fixed to 

e complete fixity. The 
aluminium columns are fixed to base plate with the help 
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gazetted connection. Connected length of 50mm is 
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centre of gravity of mass. All the four masses are fixed 
with approximately same mass but varying column length 
so as to vary the stiffness. Columns are idealized as 
cantilevers fixed at bottom and free at top in 

Seismic analysis is done 
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 Each Model is 
checked for the vibration and resonance using Dewesoft 
Data Acqusition system software while testing on shake 
table by connecting the accelerometer sensors to the beam 
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as a thin element and its modal results, time periods and 
frequencies are compared with Sensor’s software’s results 
and manual calculation results. Graphs were plotted 
comparing each model’s beam’s height and frequency,
ETABS modes for vibration of model and frequency for 
each model, and also for the wave properties
period and frequency were compared using ORIGIN PRO 
software. 

                   Fig 2 SDOF Lumped mass model

                     Fig 3 Shake Table 

VI. RESULTS AND DISCUSSIONS
 

      Table 1 Model’s dimensions 

Title Mass, 
m 
    
(kg) 

Column Dimensions (m)
 
Effective  
Length 

 
Breadth 

 
Depth

Model 
1 

0.188 0.525 0.025 

Model 
2 

0.190 0.425 0.025 

Model 
3 

.0.180 0.325 0.025 

Model 
4 

0.180 0.225 0.025 

Natural Frequency Calculation 

m= Mass of the blocks  

K = Stiffness of cantilever beam,  

, time periods and 
frequencies are compared with Sensor’s software’s results 

Graphs were plotted 
s height and frequency, 

ETABS modes for vibration of model and frequency for 
wave properties like time 

were compared using ORIGIN PRO 

 

SDOF Lumped mass model 

 

RESULTS AND DISCUSSIONS 

Column Dimensions (m) 
 
Depth 

0.003 

0.003 

0.003 

0.003 

𝐾 =   N/m 

Young’s Modulous of Aluminium, 

 E= 69x109 N/m2 

Moment of Inertia of Rectangular section,

𝐼 =   m4 

Angular Frequency, 

𝜔 =  𝑟𝑎𝑑𝑖𝑎𝑛
𝑠𝑒𝑐𝑜𝑛𝑑  

Natural Frequency, 

𝑓 =  
Π

 Hz 

Table 2 Natural frequency results
Elastic 

Modulous 
E 

(GPa) 

Stiffness 
      K 
   (N/m) 

Frequency (Hz))

69.00 80.466 
69.00 151.679 
69.00 339.189 

69.00 1022.222 
 

ETABS, DYNAMIC ANALYSIS RESULTS
 

Fig 4 Dynamic analysis results of Model 1
                                  

Fig 5 Dynamic analysis results of Model 2
                           

Moment of Inertia of Rectangular section, 

atural frequency results 
Natural 

Frequency (Hz)) 
f= 

3.292 
4.496 
6.908 

11.993 

DYNAMIC ANALYSIS RESULTS 

 
Dynamic analysis results of Model 1 

 
Dynamic analysis results of Model 2 
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Fig 6 Dynamic analysis results of Model 3
                                                           

         Fig 7 Dynamic analysis results of Model 4
 

ACCELEROMETER SENSOR’s 
SOFTWARE’S DATA AQUISITION SYSTEM’S
RESULTS, 
 

Fig 8 SENSOR’S Data for Model 1, Natural 
Frequency = 3Hz,  

 

   Fig 9 SENSOR’S Data for Model 2, Natural Frequency 
= 4.5Hz,  

Fig 10 SENSOR’S Data for Model 3, Natural 
Frequency = 6.2Hz. 

Dynamic analysis results of Model 3 

 
Dynamic analysis results of Model 4 

 DEWESOFT 
DATA AQUISITION SYSTEM’S 

 
SENSOR’S Data for Model 1, Natural 

 
SENSOR’S Data for Model 2, Natural Frequency 

 
SENSOR’S Data for Model 3, Natural 

Fig 11 Model 4, Natural Frequency = 11Hz
SENSOR’S Data for Model 4, Natural Frequency = 11Hz

ORIGIN PRO software’s Graph 

 Fig12. Height vs Frequency Graph

Here for manual calculation results, Dewesoft results and 
ETBS results, graph is plotted between height and natural 
frequency. Figure shows that as the height decreases 
frequency increases. 

Fig 13 Origin Pro’s Mode vs Frequency Graph for 

Model1 

Here graph is plotted between Mode 1,2,3 and natural 

frequency. The values are taken from

 
Model 4, Natural Frequency = 11Hz, 

Model 4, Natural Frequency = 11Hz  

’s Graph results  

. Height vs Frequency Graph 

Here for manual calculation results, Dewesoft results and 
ETBS results, graph is plotted between height and natural 

Figure shows that as the height decreases 

Mode vs Frequency Graph for 

Here graph is plotted between Mode 1,2,3 and natural 

from figure 4. 
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Figure shows that the natural frequency inceases as mode 

increases from mode 1 and mode 2 and it suddenly rises 

up more at mode 3. The values are taken from fig 4 

 

Fig 14 Origin Pro’s Mode vs Frequency Graph for Model 

2,  

Here graph is plotted between Mode 1,2,3 and natural 

frequency. The values are taken from fig 5. 

Fig 15 Origin Pro’s Mode vs Frequency Graph for Model 
3,  

The values are taken from fig 6 

Fig 16 Origin Pro’s Mode vs Frequency Graph for Model 

4,   

The values are taken from fig 7 

Fig 17 Origin Pro’s Time Period vs Frequency Graph for 
ETABS modal analysis for Model 1,  

In this figure we can see that, as the time period decreases, 
frequency increases, so it shows that time period is 
inversely proportional to the natural frequency. The values 
are taken from fig 4 
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Fig 18 Origin Pro’s Time Period vs Frequency Graph for 

ETABS modal analysis for Model 2, the values are taken 

from fig 5 

 

 
Fig 19 Origin Pro’s Time Period vs Frequency Graph for 

Model 3, the values are taken from fig 6 

 
 

Fig 20 Origin Pro’s Time Period vs Frequency Graph for 
Model 4, the values are taken from fig 7 
 
CALIBRATION OF SENSORS 
Free vibration test: 
 
Here, for this test we consider a simply supported beam of 
a particular grade of concrete and sensors to measure the 
vibration and taped onto it at specific points. The simply 
supported beam is hit with a solid hammer and the free 
vibration is recorded by the sensors.  
Grade of concrete: M30 
Support condition: Simply supported 

 
Table 3 Sectional Properties of Beam 

dimension 1st  2nd 3rd Mean 

Width(cm) 12.5 12.4 12.7 12.5 

Depth(cm) 21 21 20.9 21 

  

Total span(cm) Clear span(cm) Center to 
center(cm) 

208 150 175 

 
Natural frequency of the simply supported beam obtained 
from the test = 4.54 Hz 

 
The beam is analytically modelled in the Midas civil 
software with the given properties and dimensions with 
appropriate support conditions and Eigen value analysis is 
done to determine the natural frequency. 
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Fig 21 Section properties 
 

Fig 22 simply supported beam

 
 

Fig 23 Eigen value analysis (N.F=4.33 Hz)
 

Fig 24 Eigen value analysis mode 3 (N.F=103.9 Hz)

 

Mathematical calculation 
 

f = 1/2π x sqrt (k/m) 
f = 1/2π x sqrt (5wml4/384EI) 
I = bd3/12  

Where 
I = moment of inertia 

 

 
simply supported beam 

 
Eigen value analysis (N.F=4.33 Hz) 

 
Eigen value analysis mode 3 (N.F=103.9 Hz) 

E = modulus of elasticity 
W= self weight as UDL 
m = mass of the beam 
L = effective length of the beam  

 
I = 9.66x107 mm4 

W = 0.6242 N/mm 
E = 27386 N/mm2  

L = 1.75 m 
M = 111 kg 
 

Mathematical natural frequency obtained

 
VII. CONCLUSION

 
Through Eigen value analysis, 3 modes for each model 
were obtained and by analysis of results, we came to 
know that; 
1) As the height decreases about 23.42% from model 1 to 
model 2, frequency of vibration increased about 
2) As the height decreases about 10% from model 2 to 
model 3, frequency of vibration increased about 5
3) As the height decreases about 10% from model 3 to 
model 4, frequency of vibration increased about 81.25%
 
So, it is concluded that, slab bridges with short piers are 
more ideal for the construction of earthquake resistant 
structure, rather than slab bridges with longer piers.
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