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Abstract— In this study the analysis is carried out using FEM 

(SAP2000.)  Software. Seismic analysis is carried out for 

circular flat base, rectangular and intz type water tank by 

IS:1893-1984.In the analysis special moment resisting frame 

(SMRF) are considered. After design, the water tanks were 

subjected to a pushover analysis (nonlinear analysis) which 

was obtained by as SAP 2000. Conclusion made from the 

whole analytical study and future scope of the project. 

Key words: Analysis of Water Tank by using Pushover 

Analysis Will Analyze using SAP200 Software. Comparison 

between Different Water Tank Conditions 

I. INTRODUCTION 

Water is human basic needs for daily life. Sufficient water 

distribution depends on design of a water tank in certain area. 

An elevated water tank is a large water storage container 

constructed for the purpose of holding water supply at certain 

height to pressurization the water distribution system. Many 

new ideas and innovation has been made for the storage of 

water and other liquid materials in different forms and 

fashions. There are many different ways for the storage of 

liquid such as underground, ground supported, elevated etc. 

In this study the analysis is carried out using FEM 

(SAP2000.)  Software. Seismic analysis is carried out for 

circular flat base, rectangular and intz type water tank by IS: 

1893-1984.In the analysis special moment resisting frame 

(SMRF) are considered. Elevated water tanks having 500,000 

liter capacity with staging heights of 16 m, 20 m and 24 m 

considering 4 m height of each panel are considered for study. 

Elevated water tank is analyses for H/D ratio0.5. 

After design, the water tanks were subjected to a 

pushover analysis (nonlinear analysis) which was obtained by 

as SAP 2000. Performance point is formed in elastic zone in 

all model shows safety against ductility and collapse. 

Displacement curves cross target displacement without hinge 

formation in collapse condition shows safety against ductility 

and collapse Hence a considered water tank types doesn’t 

need retrofitting. 

II. METHODOLOGY 

To study the seismic performance of elevated circular, 

rectangular and intzewater tank for seismic zones IV of India 

for various heights of staging 16m, 20 m, 24mfor 500000 liter 

capacity of elevated water tanks for H/D ratio0.5 and number 

of columns are 10. Total nine models are made for analysis 

of elevated water tank. Seismic analysis is done by response 

spectrum method. 

To study the Indian standard codes guidelines for the 

analysis of such tanks, study the suitability of normal types of 

bracing considering tanks different heights of staging for a 

constant capacity of the circular, rectangular and intzewater 

tank. To study the seismic analysis of water tank by using 

response spectrum method using FEM Software SAP2000v 

18. Comparison of base shear and maximum displacement/ 

nodal displacement of container will done 

A. Design Horizontal Seismic Coefficient 

Design horizontal seismic coefficient, Ah shall be obtained by 

the following expression, 

Ah=Z/2xI/R x Sa/g 

Where, 

Z = Zone factor given in IS 1893 (Part 1): 2002, 

I = Importance factor for social structure 1 as IITK 

guideline 

R = Response reduction factor 1.8 for OMRF as per 

IITK guideline 

Sa/g = Average response acceleration Coefficient, 

Design horizontal seismic coefficient, Ah will be 

calculated separately for impulsive (Ah)i, and convective 

(Ah)c modes. 

1) For Hard Soil Sites 

Sa /g = 2.5 for T < 0.4 = 1.0/T for T ≥ 0.4 

2) For Medium Soil Sites 

Sa /g = 2.5 for T < 0.55 = 1.36/T for T ≥ 0.55 

3) For soft soil sites 

Sa /g = 2.5 for T < 0.67 = 1.67/T for T ≥ 0.67 

B. Load Combinations 

Working combinations are considered for proper result 

interpretation. 

 Tank empty: self-weight of structure + earthquake loads 

as per response spectra method. 

 Tank full: Self weight of structure + Water load + 

Earthquake loads as per response spectra method.  

 Method of analysis: Response spectra As per IS1893-

1984 & IITKGSDMA guidelines, by using Sap 2000-

v15. 

C. Pushover Analysis 

The well- known practical method i.e. Pushover Analysis is 

that analysis which is carried out under permanent vertical 

loads and gradually increasing lateral loads to calculate the 

deformation as well as damage pattern of a structure. A plot 

of the total base shear versus top displacement in a structure 

is obtained by this analysis that would indicate any premature 

weakness. This plot is known as ‘Capacity Curve’. For 

developing modeling parameters, acceptance criteria 

(performance level) and procedures of pushover analysis, 

there are requirement of some documents such as The ATC-

40 (Applied Technology Council) and FEMA-356 (Federal 

Emergency Management Agency) documents 

 
Fig. 1: Force-Deformation Criterion for Hinges Used In 

Pushover Analysis 
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These documents also describe the actions followed 

to determine the yielding of frame member during the 

analysis. Two actions are used to govern the inelastic 

behavior of the member during the pushover analysis that is 

deformation-controlled (ductile action) or force-controlled 

(brittle action). 

D. Acceptance Criteria (Performance Level) 

The performance levels (IO, LS, and CP) of a structural 

element are represented in the load versus deformation curve 

as shown below,  

B -Yield State 

IO –immediate Occupancy 

LS –Life Safety 

CP –Collapse Prevention 

C –Ultimate State 

E. Scope of Pushover Analysis 

The present study investigates the behavior of an elevated 

water tank by ‘Non –Linear Static Analysis’ (Pushover 

Analysis).It is carried out by considering various parameters 

like water storage capacity, staging arrangement and number 

of columns are constant, different types of h/d ratio, variation 

in staging height and shapes of container All tank models 

have their locality in earthquake zone IV. A column 

foundation is to be fixed. Damping ratio of 5%is assumed for 

all natural modes. Flexure moment (M3), axial biaxial 

moment (P-M2-M3) and axial compressive shear force (V) 

hinges are assigned at the face of beam, column, and bracing 

by using the static pushover analysis. ATC-40 has described 

the modeling procedure, acceptance criteria (performance 

level) and analysis procedures for nonlinear static pushover 

analysis. 

III. RESULTS AND DISCUSSION 

A. Pushover Analysis 

 
Fig. 2: Base Force Vs Displacement for circular tank and 

staging height 16m 

 
Fig. 3: Base Force Vs Displacement for circular tank and 

staging height 20m 

The maximum base shear of 2140.899kN was reached at a 

displacement of 0.349 m. For the Life safety – Collapse 

prevention range, the maximum displacement is around 

0.324m which is greater than targeted displacement 0.042m. 

Hence safety margin against collapse is granted. 

The maximum base shear of 1716.93kN was 

reached at a displacement of 0.565 m. For the Life safety – 

Collapse prevention range, the maximum displacement is 

around 0.44m which is greater than targeted displacement 

0.06m. 

Hence safety margin against collapse is granted. 

 
Fig. 4: Base Force Vs Displacement for circular tank and 

staging height 24m 

The maximum base shear of 1274.84kN was 

reached at a displacement of 1.1886 m. For the Life safety – 

Collapse prevention range, the maximum displacement is 

around 0.666m which is greater than targeted displacement 

0.118m. Hence safety margin against collapse is granted. 

 
Fig. 5: Deformed shape and plastic hinge formation for 

performance point circular tank and staging height 24m 

 
Fig. 6: Performance point as per 440 FEMA Equivalent 

Linearization circular tank and staging height 24m 

The demand curve intersects the capacity curve 

nearing elastic response zone and it means that a safety 

margin is granted 

Therefore, it can be concluded that the safety margin 

against collapse is high and the structural system has 

sufficient strength and displacement reserves. 
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Fig. 7: Base Force Vs Displacement for rectangular tank and 

staging height 16m (Push X) 

The maximum base shear of 4585.41kNwas reached 

at a displacement of 0.8042 m. For the Life safety – Collapse 

prevention range, the maximum displacement is around 

0.5158m which is greater than targeted displacement 0.033m 

 
Fig. 8: Base Force Vs Displacement for rectangular tank and 

staging height 16m (Push Y) 

The maximum base shear of4575.33kN was reached 

at a displacement of 0. 8044 m. For the Life safety – Collapse 

prevention range, the maximum displacements around 0.5599 

m which is greater than targeted displacement 0.044m. Hence 

safety margin against collapse is granted. 

 
Fig. 9: Base Force Vs Displacement for rectangular tank and 

staging height 20m (Push X) 

The maximum base shear of3187.79kN was reached 

at a displacement of 0. 9644 m. For the Life safety – Collapse 

prevention range, the maximum displacement is around 

0.6563m which is greater than targeted displacement 0.057m.  

Hence safety margin against collapse is granted. 

The maximum base shear of3187.79kN was reached 

at a displacement of 0. 9644 m. For the Life safety – Collapse 

prevention range, the maximum displacement is around 

0.6563m which is greater than targeted displacement 0.057m.  

Hence safety margin against collapse is granted. 

 
Fig. 10: Base Force Vs Displacement for rectangular tank 

and staging height 20m (Push Y) 

 
Fig. 11: Base Force Vs Displacement for rectangular tank 

and staging height 24m (Push X) 

The maximum base shear of1564.94kN was reached 

at a displacement of 0. 7506 m. For the Life safety – Collapse 

prevention range, the maximum displacement is around 

0.6874m which is greater than targeted displacement 0.049m. 

Hence safety margin against collapse is granted. 

 
Fig. 12: Base Force Vs Displacement for rectangular tank 

and staging height 24m   (Push Y) 

The maximum base shear of1508.07kN was reached 

at a displacement of 0. 8416 m.  For the Life safety – Collapse 

prevention range, the maximum displacement is around 

0.7285m which is greater than targeted displacement 0.065m. 

Hence safety margin against collapse is granted. 

 
Fig. 13: Deformed shape and plastic hinge formation for 

performance point rectangular tank and staging height 24m 

(Push Y) 
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Fig. 14: Performance point as per 440 FEMA Equivalent 

Linearization rectangular tank and staging height 24m (Push 

Y) 

It can be seen that the demand curve intersects the 

capacity curve near an elastic response zone and it means that 

a safety margin is granted. 

Therefore, it can be concluded that the safety margin 

against collapse is high and the structural system has 

sufficient strength and displacement reserves. 

 
Fig. 15: Base Force Vs Displacement for Intz tank and 

staging height 16m 

The maximum base shear of4659.65kN was reached 

at a displacement of 0. 1954 m.For the Life safety – Collapse 

prevention range, the maximum displacement is around 

0.1954m which is greater than targeted displacement 0.03m. 

Hence safety margin against collapse is granted. 

 
Fig. 16: Base Force Vs Displacement for Intz tank and 

staging height 20m 

The maximum base shear of3575.14kN was reached 

at a displacement of 0. 2463 m.  For the Life safety – Collapse 

prevention range, the maximum displacement is around 

0.2434m which is greater than targeted displacement 0.06m. 

Hence safety margin against collapse is granted. 

The maximum base shear of3208.63kN was reached 

at a displacement of 0. 2855 m. For the Life safety – Collapse 

prevention range, the maximum displacement is around 

0.2622m which is greater than targeted displacement 0.069m. 

Hence safety margin against collapse is granted. 

 
Fig. 17: Base Force Vs Displacement for Intz tank and 

staging height 24m 

 
Fig. 18: Deformed shape and plastic hinge formation for 

performance point Intz tank and staging height 16m 

 
Fig. 19: performance point as per 440 FEMA Equivalent 

Linearization Intz tank and staging height 24m 

It can be seen that the demand curve intersects the 

capacity curve near an elastic response zone and it means that 

a safety margin is granted.  

Therefore, it can be concluded that the safety margin 

against collapse is high and the structural system has 

sufficient strength and displacement reserves 
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