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Abstract— Reinforced concrete elevated water tanks are 

virtal structures that would be expected to be functional even 

after the structure subjected to severe earthquake and 

cyclones in order to serve the water system network. This 

project aims to study, the effect of seismic and wind loading 

on elevated water tank, on the various design wind speeds and 

earthquake forces with the earlier and revised Indian codes of 

IS 875 (Part3) and IS 1893 (Part1) by using STAAD PRO 

(V8i) software. In this project the effect of wind forces on the 

elevated water tanks are carried out to determine the internal 

forces with different replacement of cyclonic factor 

percentages i.e., (15%, and 30%) and the effect of seismic 

forces are also carried out to determine the forces with both 

the impulsive and convective methods. The wind forces 

obtained are also lesser in both the post cyclonic importance 

of structure and in the industrial structures, when compared 

with the obtained base shear in both impulsive and convective 

methods. The obtained models are considered under all types 

of Zones and compared all the results with the Zone II. The 

obtained results are higher in Zone V. The analyzed models 

of the elevated water tanks are carried out in STAAD. Pro 

(V8i) software to find the variation of internal forces such as 

bending moments, shear forces, axial forces, support 

reactions and to estimate the reinforcement in accordance 

with the IS 1893 (Part2):2014 code provisions. The results 

suggested that when the models are compared by Zone III, IV 

and V with Zone II, the bending moments and shear forces in 

the floor level beams are high and the axial forces in columns 

are high at bottom of the structure. The reinforcement 

estimate shows high in Zone V for all the capacities of 

elevated water tanks in the Zone V, The results are tabulated 

in comparison with the IS 1893(Part2):2014 code, with 

respect to the Zone II for the elevated water tanks.  
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I. INTRODUCTION 

Elevated water tanks are the important lifeline structures that 

should be designed to withstand all forces expected to act in 

its design life period. Water tanks are used to store water to 

tide over the daily requirement. In the construction of 

reinforced concrete structure for the storage of water and 

other liquids, the imperviousness of concrete is most 

essential. 

Elevated water tank is a storage facility constructed 

traditionally over a supporting structure to provide useful 

storage and pressure for a water distribution system, so as to 

reach the pressurization required by the supply system. 

Liquid storage tanks are used extensively by 

municipalities and industries for water storage, inflammable 

liquids and other chemicals. Thus water tank are very 

important for public utility and for industrial structures. 

Water tanks have circular or rectangular with flat or conical 

bottom. For small storage capacity tanks square in plan is 

economical whereas for large capacities, circular tanks are 

more economical. Reinforced concrete tanks are very popular 

as simplicity in construction and design, cheap, monolithic in 

nature and can be made leak proof. Elevated water tanks 

calculations include dead load, live load, wind load, seismic 

load and hydrostatic pressure. 

The liquid storage tanks are particularly subjected to 

the risk of failure due to earthquake induced vibrations. A 

large number of elevated water tanks damaged during past 

earthquake. Majority of these structures were shaft staging 

while a few were on frame staging type. Elevated water tanks 

consist large amount of water mass at the top of a slender 

staging which are most critical consideration for the failure of 

the tank during earthquakes. Elevated water tanks are critical 

and strategic structures and damage of these structures during 

earthquakes may endanger drinking water supply, cause to 

fail in preventing large fires and substantial economical loss. 

Since the elevated water tanks are frequently used in seismic 

active regions also. Hence, seismic behaviour of these 

structures has to be investigated in detail. Due to lack of 

knowledge of supporting system some of the water tanks 

were collapsed or heavily damages. So there is need to focus 

on seismic safety of lifeline structures using with respect to 

alternate supporting system which are safe during earthquake 

and also take more design forces. Design of new tanks and 

safety evaluation of existing tanks should be carried out with 

a high level of accuracy because of the failure of such 

structures, particularly during an earthquake may be 

disastrous. Water tanks are quite vulnerable to damage in 

earthquakes due to their basic configuration involving large 

mass concentrated at top with relatively slender supporting 

system. When the tank is in full condition, earthquake forces 

almost govern the design of these structures in the zones of 

high seismic activity. It is more important to ensure that the 

essential requirement such as water supply is not damaged 

during earthquakes. 

II. CODAL PROVISIONS 

IS 875 (Part3) 2015 defines the wind loads acting on a 

structure as a whole as well as on the connections, claddings 

and individual elements. It is basically needed to know the 

wind speed at the particular location under study. According 

to the Indian Standard code, India is divided into six different 

wind zones and each zone is assigned a specific basic wind 

speed. But the design wind speed depends on the design life 

of the structure, the terrain and the height of the structure, the 

topography of the location and also on a cyclone importance 

factor. 

IS 1893 (Part2) 2014 defines the seismic loads 

acting on a structure. It is basically needed to know the 

structure located to study in which zone. According to the 
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Indian Standard code, India in past is divided into five Zones 

and later the Zone I&II are merged and at present existing 

zones are II, III, IV & V. But the design seismic coefficient 

depends on the design life, importance and the design base 

shear of the structure. 

A. Design Wind Speed (Vz) 

The basic wind speed (Vb) for any site shall be obtained and 

shall be modified to include the following effects to design 

wind speed, Vz at any height z, for the chosen structure 

 Risk level 

 Terrain roughness and height of the structure 

 Local topography and 

 Importance factor for the cyclonic region It can 

mathematically expressed as follows. 

Vz = Vb x k1 x k2x k3 x k4 (1) 

Where, 

Vz = design wind speed at any height z in m/s, Vb is the basic 

wind speed for the zone, 

k1= probability factor/risk coefficient, 

k2= terrain roughness (Category2) and height factor varies 

according to the height of a structure, 

k3= topography factor, 

k4 = Importance factor for cyclonic region are adopted. 

B. Design wind pressure 

The wind pressure at any height above mean ground level 

shall be obtained by the following relationship between wind 

pressure and wind speed Eq(2) 

Pz = 0.6 x Vz2                 (2) 

Here, Pz is the wind pressure at a height ‘‘z”, in 

N/sqm. Then the design wind pressure(Pd) is computed with 

the Eq(3). This equation is presented in the wind code 2015 

only and didn’t appear in the wind code 1987. 

Pd = Kdx Ka x Kc x Pz   (3) 

Where, 

Pd indicates design wind pressure at a height ‘‘z”, in N/sqm. 

The factor Kd in the cyclone prone area has a 

maximum numerical value 1.00 for all structures because of 

uncertainty of wind direction and return period. Kc is the 

combination factor and Ka is the area averaging factor. The 

code specified the combination factor Kc has a value 0.90 for 

the frames of clad buildings since the suction  pressures inside 

and outside of structures are not fully correlated and now, this 

wind pressure Pd exerts a force individually on the roofs, 

walls and other connections as well which are evaluated 

separately and due to this pressure, there is also an internal 

pressure developed inside the building apart from the 

pressure developed on the external sides of the building 

whose combined effect gives the final total force acting on 

the building. Hence, to calculate the forces, there is an 

inclusion of external pressure coefficients as well as internal 

pressure coefficients. Thus the Force F is calculated in Eq(4) 

F= (Cpe-Cpi) xA x Pd          (4) 

Where, 

F is wind load acting in a direction normal to the individual 

structural element. 

Cpe=external pressure coefficient, Cpi=Internal pressure 

coefficient, 

A= Area on which the lateral wind force acts. 

C. Design Horizontal Seismic Coefficient (Ah) 

Design horizontal seismic coefficient, Ah shall be obtained by 

the following expressions as they are calculated separately for 

both impulsive (Ah)i and convective (Ah)c modes. The value 

of the multiplying factor shall be taken as 1.0 for 5 percent, 

1.4 for 2 percent and 1.75 for 0.5 percent damping. The 

expression can be written as: 

Ah = (Z/2) x (I/R) x (Sa/g)     (5) 

Where, 

Z = zone factor given in Table 2 of IS 1893 (Part 1), 

I = Importance factor given in Table 1 (Clause 4.5) of IS 1893 

(part 2) 2015, 

R = response reduction factor given in Table 2 (Clause 4.5) 

of IS 1893 (part 2) 2015, and 

Sa/g = average response acceleration coefficient as given by 

Fig. 2 in IS 1893 (Part2) 2015 and multiplying factors for 

obtaining values for the other damping as given in Table 3 of 

IS 1893 (Part 1) and shall be calculated for both impulsive 

and convective modes separately. 

D. Base Shear (V) 

Base shear for elevated water tanks in impulsive mode, just 

above the base of staging (that is, at the top of footing of 

staging) is given by, 

Vi  = (Ah)i  (mi +ms)g         (6) 

and base shear in convective mode is given by: 

Vc = (Ah)c mc g                         (7) 

Where, 

(Ah)i = design horizontal seismic coefficient for impulsive 

mode, 

(Ah)c = design horizontal seismic coefficient for convective 

mode, 

mi = impulsive mass of water, 

ms= mass of container and one-third mass of staging, g = 

acceleration due to gravity. 

The total base shear V can be obtained by combining 

the base shear in impulsive and convective mode through the 

square root of sum of squares (SRSS) rule and is given as 

follows: 

V = √ (Vi2 + Vc2)                       (8) 

E. Base Moment (M) 

Overturning moment in impulsive mode, at the base of the s    

taging is given by: 

Mi*  = (Ah)i [ mi (hi*  + hs) + mshcg]g (9) 

and overturning moment in convective mode is given by: 

Mc* = (Ah)cmc (hcg + hs)g         (10) 

Where, 

hs = structural height of staging, measured form the top of 

footing of staging to bottom of tank wall and 

hcg = height of centre of gravity of the empty container of 

elevated tank, measured from the top of the footing. 

Total moment shall be obtained by combining the 

moment in impulsive and convective modes through square 

of sum of squares (SRSS) and is given as follows: 

M* = √(Mi*2 + Mc*2)                      (11) 

The elevated water tanks, the design shall be worked 

out for tank empty and tank full conditions in all the cases. 



Impact of Revised Code Provisions of Wind and Seismic Loads on RCC Elevated Water Tanks 

 (IJSRD/Vol. 7/Issue 08/2019/097) 

 

 All rights reserved by www.ijsrd.com 334 

III. MODELLING (ANALYSIS) 

Linear static analysis is performed for the above mentioned 

RCC Elevated Water tanks within scope of the study and the 

sectional properties are obtained from the design as per IS: 

456 – 2002. Table 1, 2 and 3 presents the properties of the 

elevated water tanks with the height of the tank wall, inner 

and outer diameter of the tank, height of the staging, thickness 

of the roof and floor slabs, columns sections and beams 

sections. Considering all these properties the structure is 

designed. 

Efficiently analyse and design water tanks using 

STAAD.Pro and save time, complete the project faster 

through automatic model generation. Easily edit the model to 

achieve the precise shape and configuration desired. The stair 

case design components also can be performed. The wind and 

seismic loads following TIA codes and other standard 

reference codes can also be performed. 

Design and analyze simple or complex structures for 

a wide range of loading conditions, including those induced 

by gravity such as dead and live loads, including skip 

conditions in which combination with lateral loads including 

wind and seismic. 

Perform structural wind and seismic calculations, 

including any the floor and water loads. Calculate the 

effective area for the structure for force calculations. To 

perform the hydrodynamic pressure on the tank wall for the 

water loads. 

Design and detail the wind and seismic force-

resisting systems, generating wind and seismic loads 

according to the relevant building code. Providing these 

forces in the design of elements and, where applicable the 

design of frames and the larger structural system. Enforcing 

the ductility requirements of the selected design code in 

element proportioning and detailing. 

Extend the reach of your business practice and take 

advantage of global design opportunities by using a wide 

range of international standards and specifications in our 

design products. Complete project designs with confidence 

thanks to extensive support of International Standards. 

Apply code-prescribed wind and seismic loads to the 

structure using built-in load generators. Calculate the relevant 

loading parameters automatically based upon on the 

structural geometry, mass and selected building code 

provisions without the need for separate hand calculations. 

Combine these type of lateral load cases with gravity and 

other types of loads using load combination generators. 

Incorporate second-order and non-linear effects 

resulting from significant structural displacements into your 

analysis results. Design structures with confidence, as you 

can account for the additional forces from increased bending 

moments, shear and axial forces. 

Transfer structural model geometry and design 

results from one application to another and synchronize 

changes over time. It can also quickly share the structural 

model, drawings and information with the entire team for 

review. 

IV. RESULTS AND DISCUSSION 

A comparison of the base shear, bending moments, shear 

forces and axial forces between seismic (IS 1893 

(Part1):2002) and IS 1893 (Part2):2014) and wind (IS 875 

(Part3) 1987 and IS 875 (Part3) 2015) in all the zones for the 

different capacities of circular elevated water tanks were 

performed and the results were tabulated in comparison with 

zone II as per IS 1893 (Part 1) 2002 are mentioned below. 

IS 1893 Part-1 2002 

Height 
Zone 

II 

Zone 

III 
% 

Zone 

IV 
% 

Zone 

V 
% 

3.6 33 50 53 76 130 114 244 

7.2 33 50 53 76 130 114 244 

10.8 34 52 53 77 127 117 244 

14.4 30 46 54 69 131 104 247 

18 123 133 8 146 19 178 45 

22.6 9 9 3 11 17 12 28 

IS 1893 Part-2 2014 

Height 
Zone 

II 

Zone 

III 
% 

Zone 

IV 
% 

Zone 

V 
% 

3.6 57 91 60 137 140 204 258 

7.2 59 94 60 142 140 212 260 

10.8 59 94 60 142 140 212 260 

14.4 55 88 60 132 140 196 257 

18 137 156 14 184 34 229 67 

22.6 10 12 18 13 34 14 44 

Table 1: Bending moments of 1000KL circular elevated 

water tank 

 
Fig. 5.2: Comparison of bending moment percentages 

1000KL Water Tank 

IS 1893 Part-1 2002 

Height 
Zone 

II 

Zone 

III 
% 

Zone 

IV 
% 

Zone 

V 
% 

3.6 22 34 53 51 130 75 243 

7.2 22 34 53 51 130 75 243 

10.8 22 34 53 51 130 76 244 

14.4 21 32 53 48 130 73 246 

18 214 220 3 231 8 246 15 

22.6 16 16 2 18 11 17 8 

IS 1893 Part-2 2014 

Height 
Zone 

II 

Zone 

III 
% 

Zone 

IV 
% 

Zone 

V 
% 

3.6 40 61 60 96 140 204 409 

7.2 41 66 60 98 140 210 412 

10.8 41 66 60 98 140 219 412 

14.4 38 61 60 91 140 193 408 
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18 224 237 
6           

6 
255 14 267 19 

22.6 14 17 18 17 24 15 10 

Table 2: Shear Forces of 1000KL circular elevated water 

tank 

 
Fig. 5.3: Comparison of shear force percentages 1000KL 

Water Tank 

IS 1893 Part-1 2002 

Height 
Zone 

II 

Zone 

III 
% 

Zone 

IV 
% 

Zone 

V 
% 

3.6 564 570 1 637 13 750 33 

7.2 560 566 1 577 3 666 19 

10.8 555 561 1 522 -6 583 5 

14.4 554 560 1 560 1 565 2 

18 547 569 4 569 4 569 4 

22.6 37 38 3 39 5 40 9 

        

Height 
Zone 

II 

Zone 

III 
% 

Zone 

IV 
% 

Zone 

V 
% 

3.6 589 695 18 842 43 1054 79 

7.2 567 629 11 737 30 902 59 

10.8 560 571 2 633 13 750 34 

14.4 559 565 1 570 2 587 5 

18 548 570 4 570 4 570 4 

22.6 37 40 8 43 15 44 18 

Table 3: Axial Forces of 1000KL circular elevated water 

tank 

 
Fig. 5.4: Comparison of axial force percentages 1000KL 

Water Tank 

V. SUMMARY AND CONCLUSIONS 

After simulating the Reinforced concrete Elevated Water 

tanks with different capacities of 1000KL in STAAD. 

Pro(V8i) software with the provisions of wind (IS 875 

(Part3):1987 code and IS 875 (Part3):2015) and earthquake 

(IS1893 (Part1):2002 and IS 1893 (Part2):2014) codes with 

k4 factor in wind and for the base shear impulsive and 

convective methods are considered. The structure is 

considered under all types of Zones, and compared all the 

results with the Zone II. After thorough discussions as above, 

the following are a few conclusions have been drawn. 

 When the structure is subjected to both the wind and 

seismic loadings the structure is more effective under 

seismic condition due to its heavy mass the structure does 

not have effect with wind loadings. 

 Similarly, when the wind speed is increased for both the 

Industrial structure category by 15% and in Post cyclonic 

importance structure by 30% the forces are lesser when 

compared to the earthquake loading. So, the wind 

loadings were neglected. 

 When the structure was compared in both impulsive and 

convective mode the time period and the base shear has 

increased. 

 Tank in full condition is more subjected to lateral forces 

when compared to the tank in empty condition. Hence, 

the tank in full condition is considered for seismic 

analysis. 

 When the structure is analyzed and compared the 

1000KL water tank with Zone II and III results the base 

shear increased by 50% in earlier code and 60% in 

revised code. 

 When the structure is analyzed and compared the 

1000KL water tank with Zone II and IV results the base 

shear increased by 130% in earlier code and 141% in 

revised code. 

 When the structure is analyzed and compared the 

1000KL water tank with Zone II and V results the base 

shear increased by 243% in earlier code and 258% in 

revised code. 

 When the analyzed model is compared in the Zone II and 

III, the results obtained in 1000KL water tank the 

bending moment and shear forces increased and shows 

results in floor level beams.  

 Similarly, when the results were compared the Zone IV 

and V with Zone II, the obtained bending moment values 

are higher in Zone V at floor level beams. 

 Similarly, when the results were compared the Zone IV 

and V with Zone II, the obtained shear forces values are 

higher in Zone V at floor level beams. 

 When the analyzed model is compared in the Zone II and 

III, the results obtained in 1000KL water tanks the axial 

forces increased in columns and shows higher in the 

bottom of the tank. 

 Similarly, when the results were compared in the Zone 

IV and V with the Zone II, the obtained axial forces are 

higher in Zone V. 

 The axial forces are higher in bottom, ground level of 

columns and decreased gradually in the top of the tank. 
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 The bending moments and shear forces is higher in the 

floor level beams due to its heavy mass. 

 When the analyzed models were compared by Zone II 

and III, the obtained reinforcement is increased by 4% in 

earlier code and 10% in revised code for 1000KL. 

 Similarly, when the analyzed models were compared by 

Zone II and IV, the obtained reinforcement is increased 

by 11% in earlier code and 52% in revised code for 

1000KL. 

 Similarly, when the analyzed models were compared by 

Zone II and V, the obtained reinforcement is increased 

by 26% in earlier code and 55% in revised code for 

1000KL. 

 The reinforcement required is increased more in Zone V 

when the structure is compared to Zone II, III and IV in 

all the water tank capacities. 

 The analysis concluded that the results are high in Zone 

V compared to both the earlier and revised code 

provisions i.e., (IS 1893 (Part-1): 2002 and IS 1893(Part-

2):2014). 
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