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Abstract— Historical monuments defines rise of humanity 

over the centuries. Few of them are structural masterpieces 

yet very less work has been done towards such structures. 

They have been standing over thousand years but negligible 

damage has been caused to these structures by natural 

calamities. This descriptive research study aimed to conduct 

a seismic analysis of the Rani Ki Vav, Patan. Rani kiVav is 

well known monument in the world and currently been 

placed into the world heritage by UNESCO. For this 

purpose of the study 3D model using Gridlines was 

constructed in the F.E.M. based software Sap2000. 

Response Spectrum Analysis and Time History Analysis 

was carried out and based on the output Response Spectra 

and Time History Acceleration graphs are developed. 
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I. INTRODUCTION 

Rani kiVav is one most beautiful step well present in India. 

It was constructed by Lord Bhimdeva for his wife 

Bhanumati as a symbol of love. It is second oldest stepwell 

in Gujarat Aging around 1000 years after adikadivav in 

Junagadh district. Rani kiVav is Represented in the Fig I. 

Rani kiVav is located in Patan District, Gujarat state under 

seismic region III (I.S. 1893-2002). IT has faced many 

earthquakes but There are main three ways of doing seismic 

analysis of the structure, Linear Static Analysis, Response 

Spectrum and Time History Analysis But here, Seismic 

study has been carried out for the step well by applying El-

Centrotime-history and doing Response Spectra analysis by 

using IS 1893:2002. For that purpose 3D grid model has 

been constructed using frame component and area shell 

components. Based on the Analysis Response Spectra 

Curve, Time History Curve and Mode Shape Frequency are 

studied. 

 

 

Fig. 1: Rani Ki Vav 

II. MODEL MAKING 

 

A.  Preliminary Details: 

Rani Ki Vav is a Symmetrical and monolithic construction. 

Frame structure of Flat slab and columns with corbels are 

provided at equal distance. Frame structures are provided at 

every increase in depth of 6m. Due to major excavation to 

prevent land sliding almost 3 m thick sand stone 

construction have been done on the both sides of step well. 

The slab and side walls are jointed with each other such a 

way that each storey slab contains fixed end joint. 

Structural plans were obtained from Vadodara 

wing of Archeological Survey of India. In Fig 2 and Fig 3 

Archeological Survey of India provided plans and elevation 

are represented. 

 

Fig. 2: Plan Of Rani kiVav
[8] 

 

Fig. 3: Longitudinal Section of Rani Ki Vav
[8]

 

B.  Software Model Construction: 

3D model of Ran kiVav was constructed in F.E.M based 

software SAP2000 V16 using Flat Slab Frame Components 

and Area Shells. Few Assumptions were taken while 

construction the model. This is a fixed base model. Soil 

Properties are assumed to be ideal. To reduce complexity 

corbels over columns were ignored, steps of stairs are 

assumed to be symmetrical and instead of providing side 

walls, Slabs are assumed to be fixed. Joints are assumed to 

be rigid. As structural property of stand stones used in that 

era are tough to learn due to negligible literature availability. 

Table 1 represents the material property used in model as 
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well as fig 4-5-6 represents the plan, elevation and 3D view 

of the model. 

 

Fig. 4: Plan of Rani kiVav 

 

Fig. 5: Side Elevation of Rani Ki Vav 

 

Fig. 6: 3D View of Rani Ki Vav 

Term Value 

Modulus of Elasticity 9700Mpa 

Poisson’s Ratio 0.3 

Self-Weight 21.57 kN/m
3
 

Table. 1:  Structural Property of Sandstone Material
 [9] 

III. SCOPE OF WORK 

To determine effect of earthquake on monument seismic 

study has been carried out. Two types of analysis response 

spectra Analysis and Time-History are carried out and based 

on output, variance in time period and frequency with the 

change in different modes are studied as well as graphs are 

prepared of deflection v/s time-period and pseudo-

acceleration v/s time-period 

IV. RESULTS AND DISCUSSION 

A. Response Spectra Analysis: 

To study the frequency and time variance of Step Well 

under different mode shapes Response Spectra Analysis has 

been carried out as per IS 1893:2002. Total 12 different 

mode shapes were studied. Based on that response spectra 

graph has been prepared for constant damping of 0.5%. For 

the Transverse modes the time period and frequency are 

almost near to each other which represents lower stiffness 

well as the low time period of torsion modes represents the 

higher stiffness. Table 2 shows the mode shapes and its 

respected natural time period where as the fig 7 represents 

the response spectra graph for acceleration for constant 

damping of 0.5% 

 

Fig. 7: Response spectra curve 

Mode Shape Natural Time Period 

1 0.65 

2 0.64 

3 0.6311 

4 0.631386 

5 0.622517 

6 0.612825 

7 0.491393 

8 0.489345 

9 0.47825 

10 0.209253 

11 0.200139 

12 0.197645 

Table. 2: Natural Time Period for mode shapes 

B. Time-History Analysis: 

To study the behavior of monument under the earthquake, 

el-Centro time-history is applied to the step well and 

deflection, development of stresses and behavior of structure 

is studied. For the application of El-Centro damping was 

kept constant on 0.05 as well as 500 time steps were 

considered with 0.02 second time step. Free format of 

function was used.These parameters are studied on the 

components which showed the most deflection and stress 

generation. 

After the application of the time-history,stress 

distribution diagram was plotted. PSA and Deflection Time 

History curves were developed. Maximum Pseudo 

accelerationwas almost equal to 0.08g (Fig 8) where as 

maximum deflection was almost 0.92mm (Fig 9). Fi8 and 

Fig 9 represent the PSA and deflection Time History graph. 

Reason of such earthquake resistant behavior of monument 

is due to well defined joint of columns with the slab, high 

number of columns to transfer load to the ground. The 

cantilever joints of slab to the side wall resist the movement 

of the frame as well as stairs under seismic loading which is 

the main reason of such earthquake resistant behavior.  

 

Fig. 8: PSA Time History Curve 

 

Fig. 9: Deflection Time History Curve 



Response Spectra and Time History Analysis of Rani Ki Vav(Step well), Patan 

 (IJSRD/Vol. 2/Issue 05/2014/067) 

 

 All rights reserved by www.ijsrd.com 271 

V. CONCLUSION 

The paper approaches the assessment of the static and 

dynamic behaviour of a step well structure ‘Rani kiVav’ 

through a finite element methodology. A numerical model 

has been used to evaluate the dynamic behaviour of the step 

well under seismic loading. For that purpose different mode 

shapes are derived and time history analysis has been carried 

out. Time History of El Centro earthquake was applied to 

the monument.  The static analysis shows that, in general, 

the structural configuration of the monument is adequate to 

withstand vertical loads. The result shows low Pseudo 

acceleration around 0.08g due to monument’s stiff 

behaviour but deflection is almost 0.92mm. This earthquake 

resistant behaviour is caused by well defined cantilever 

joints between main structural component slab and side 

walls, less spacing between columns to convert seismic 

loadings into vertical loading. 
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