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Abstract - Whereas seismic design based on deformations is a concept that is gaining ground existing codes are 
fundamentally force-based, with a final check on deformation. A central feature of force-based seismic design is the 
response modification factor(R). The response modification factor plays a key role in the seismic design of the structure.  To 
date, the values assigned to this factor are based on engineering judgment and have little sound technical basis. Any 
improvement in the reliability of modern earthquake resistant structure will require the systematic evaluation of the response 
characteristics that most affect values assigned to the factor. Currently, R factor assigned is based on several assumptions 
that are for regular structures. The R factor depends on ductility factor, over strength factor, structural redundancy and 
damping associated with structure. Thus this study sims to evaluate and compare the response modification factor for 

overhead water tank and water tank with varying staging height and seismic zone for tank full, tank empty and partially 
filled condition. 
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I. INTRODUCTION 

 

WATER TANK 

An earthquake have a major effect of devastating on 

infrastructure as well as lifeline.Seismic safety of 

liquid storage tank is of considerable importance. 

Elevated water tanks are critical structures which are 

expected to keep functional after severe 

earthquakes.Water storage tank should remain 

functional in post-earthquake period to ensure water 

supply.  There are limited researches are done in 

investigating nonlinear seismic response of RC 
framed elevated water tank. This studies present 

systematic approach to evaluate response 

modification factor of elevated water tank sizes 

adopted in industry. Influence of various parameters 

i.e. seismic zone, fundamental period, height to 

diameter ratio, water condition in tank (full filled, 

partially, and empty) and tank size are studied. 

 

II. RESPONSE MODIFICATION FACTOR 

 

In design nonlinear structural response is not 
incorporated though response modification factor 

have integrated effect over it. Different codes 

mentioned different values of response modification 

factor depending upon type of structure. Response 

modification factor decreases the seismic force 

incorporating with the nonlinearity by using ductility, 

overstrength and redundancy. „R‟ factor is defined as 

the ratio of forces those would develop under 

specified ground motion if the structure were to 

behave entirely elastically to the code specified 

design forces The concept of „R‟ factor is based on 

the observations that well detailed seismic framing 
systems can sustain large inelastic deformation 

without collapse and have excess of lateral strength 

over design strength. 

Strength Factor (Rs): 

The strength factor (Rs) is measured as the ratio of 

maximum base shear capacity (Vu) to the design base 

shear (Vd). 

Ductility Factor (Rμ): 

Ductility ratio (μ) is defined as the ratio of maximum 

displacement to the yield displacement. 

Redundancy Factor (Rr): 

RC structural systems with multiple lines of lateral 

load resisting frames are normally considered as 
redundant structure, as each of the seismic frames is 

designed to transfer the seismic forces to the soil. It is 

taken as 1 in this study. 

 
Fig. 1. Component of ‘R’ 

 

R = RS * RR * Rμ 

 

III. DESCRIPTION OF THE WATER TANK 
 

A detailed description of our structure(Fig.1). The 

structure consist of circular RC framed elevated water 

tank supported by six number of column with 

capacity 1000 m3 and different staging height such as 
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12.5m, 15m, 17.5m for water condition full filled, 

partially filled and empty. Total mass of liquid is 
divided into two parts, i.e., impulsive mass & 

convective mass. The grade of concrete is M40 and 

steel is Fe500 is adopted. Structural massms, consist 

of container massand one-third staging mass. Mass of 

container comprises of mass of container wall, roof 

slab, floor beams, and floor slab. Damping in 

convective mode for all liquid types and for all tanks 

shall be taken as 0.5% of critical. Damping in the 

convective mode for all liquid types and for all tanks 

shall be taken as 0.5% of critical. 

 

IV. MODELLING IN SAP2000 

 

 
Fig 2. Model of water tank 

 

V. MATERIAL PROPERTIES 

 

 
Table 1. Material Properties 

 

VI. NONLINEAR STATIC EQUIVALENT 

ANALYSIS: PUSHOVER ANALYSIS 

 

The need for a simple method to predict the non-

linear behaviour of a structure under seismic loads 

saw light in what is now popularly known as the 

Pushover Analysis (PA). It can help demonstrate how 

progressive failure in buildings really occurs, and 
identify the mode of final failure. Putting simply, PA 

is a non-linear analysis procedure to estimate the 

strength capacity of a structure beyond its elastic limit 

(meaning Limit State) up to its ultimate strength in 

the post-elastic range. In the process, the method also 

predicts potential weak areas in the structure, by 

keeping track of the sequence of damages of each and 

every member in the structure (by use of what are 

called „hinges‟ they hold). 

 

VII. SAMPLE CALCULATION OF ‘R’   

 
Over strength factor (Rs) =  
  maximum  base  shear  capacity  (Vu )

design  base  shear  (Vd ). 
 

= 
534.4

474
= 1.12 

Ductility Factor (Rμ)  =
 maximum  displacement   (∆u). 

yield  displacement   (∆𝑦)
 = 

=    
0.1

0.0223
= 4.73 

Redundancy Factor (Rr)  =   1 

R = 1.12 x 4.73 x 1= 5.29 

 

VIII. SIMULATIONS AND ANALYTICAL 

RESULTS 

 

Result of pushover analysis for staging height 

12.5m  for Zone- II 

 
Tank empty condition    Tank partial condition 

 

 
Tank full condition 

 

 
Combinaton of tank empty, 

Partial, full condition 
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IX. COPMARISON BETWEEN ‘R’ AND 

SEISMIC ZONES 

 

 

 

 
 

 

X. CONCLUSION 

 
The overstrength and ductility factor were calculated 

based on pushover curves and the effect of various 

parameters such as fundamental period, height to 

diameter ratio, seismic design zone, and tank size on 

the seismic response factors of elevated water tanks 

was studied. 

The results of the study showed that shorter tanks 

demonstrate lower maximum base shear (Vmax) 

comparing to taller tanks. 

Ductility factor is not significantly influenced by the 

seismicity level as it is mainly a function of geometry 

and material properties of the structure. 
R of RC elevated water tank is compared for different 

water condition such as tank full filled, partial filled, 

half filled. 

It is concluded that for empty tank has lower R value 

than partially filled, and partially filled has lower 

value than full filled water tank. 

It is also concluded that for increasing height of water 

tank R values also increases. And for increasing 

seismic zones R value goes on decreasing. 

 

REFERENCES 
 

[1] Fotini D. Konstandakopouloua, George D. Hatzigeorgioub, 

“Water and wastewater steel tanks under multiple 

earthquakes,Earthquake Engineering” 100 (2017) 445–453. 

[2] R. Ghateh a, M.R. Kianoush a, W. Pogorzelski b, “Seismic 

response factors of reinforced concrete pedestal in elevated 

water tanks”, Engineering Structures 87 (2015) 32–46. 

[3] Chunfeng ZhaoJianyun Chen, Na Yu,“Dynamic response of 

AP1000 water tank with internal ring baffles under 

earthquake loads”Energy Procedia 127 (2017) 407–415. 

[4] SoheilSoroushnia, Sh. TavousiTafreshi, “Seismic 

Performance of RC Elevated Water Tanks with Frame 

Staging and Exhibition Damage Pattern”Procedia 

Engineering 14 (2011) 3076–3087 

[5] Lamia AitL‟Hadj, HocineHammoum, “Nonlinear analysis of 

a building surmounted by a reinforced concrete water tank 

under hydrostatic load” Advances in Engineering Software 

117 (2018) 80–88 

[6] M. Moslemia, M.R. Kianoush  W. Pogorzelski, “Seismic 

response of liquid-filled elevated tanks”Engineering 

Structures 33 (2011) 2074–2084. 

 

 

 

 

 

 

 
 


