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A Comparative Study of Circular Water Tank in
Two Different Loading Conditions (Seismic and
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Abstract: In this paper a comparison of the two loading
combinations of a circular water tank i.e. seismic and wind load
conditions have been made. The STAADPro software has been
used to analyze the circular water tank structure and to compare
both the loading combinations. Two similar models of a circular
water tank were created, provided with the required attributes
(i.e. loading conditions, zones etc.) and were analyzed in both,
seismic load condition and wind load condition [1]. The
comparison of results from both the analyses revealed that, due
to lower seismic zones, the effect of earthquake is slightly less
than the effect of wind. It was concluded that, wind load
condition should be preferred over seismic load condition while
designing, because the wind load condition gives safer design in
the severe conditions. This can be used for the design of a
circular water tank having similar attributes [2].

Key-words: - Circular Water Tank, Seismic Load, Wind load,
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I. INTRODUCTION

In India till 2009, Indian standard code IS code

3370:1965 has been adopted for the design of RCC water
retaining structure. After introduction of new Indian
standard code IS 3370:2009, the Limit State Method (LSM)
has been adopted in all the designs. Design can be done
utilizing the LSM, because it gives minimum area of
reinforcement of steel but the check for crack width should
be done. Dindal BB. (012] pajgade & Meshram (2014)
concluded in their paper that the size of member remain
same for Working Stress Method (WSM) by both IS
3370(1965) or 3370(2009) and necessity of area of steel
increased in IS: 3370(2009) as the allowable stresses in steel
were lower. And the size of member or requirement of steel
decreases for LSM by 1S 3370:2009 as compare WSM by IS
3370:2009 or 3370:1965 [3]. Limit state design, is a semi-
experimental methodology, is considered to be the best in
the design of RCC structures over the versatile hypothesis of
design where the level of stresses in concrete and steel are
restricted so that stress-deformation are taken to be linear.
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Indian standard code (1S-3370:2009) adopts limit state
method predominantly considering two perspectives.
Initially, it restricts the burdens in steel so that concrete isn’t
over pushed and in second viewpoint, it limits the cracking
width-[Prasad RV.RK.(012] STAADPro can be used for water
tank design as it works on LSM. Singh (2016) concluded
that seismic load gives more effects than wind load in 30
storey building [4].

As per Indian standard code 1S 456:2000, while designing
the structure the wind load condition and the seismic load
condition both cannot be taken together. Only the condition
which affects the structure severely has to be taken while
designing the structure [5]. Therefore, for the selection of
the suitable condition a comparison between both the
conditions needs be carried out

In the present study for studying the loading conditions on
RCC water retaining structure and identifying possible
loading combinations, two water tank models are being
created with same attributes but different loading conditions.
The models were then analyzed and checked for errors using
STAADPro and the results were compared for selecting the
best suitable loading conditions [6].

Il. OBJECTIVES OF THE STUDY

To study loading conditions on a circular water

tank.

I1S-Code.

To identify possible loading combinations as per

To create two water tank models with same
attributes but different loading conditions.

To analyze the created models using STAAD Pro
and check for errors.

To compare the results and decide the best loading
condition for the design.

IHL,THEORY, METHODOLOGY and COMPARAISON
OF RESULTS

The designing procedure of the circular water tank in
STAADPro requires theoretical knowledge of the design of
the structure as per IS codes [9] [10]. Considerations such as
the quantity of water, the purpose of storage, the location of
storage are to be taken, which further defines the dimensions
of the storage tank [7].

After creating the geometry various types of loading
combinations are calculated as per IS codes [8].
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Loading combination:

1. For seismic load analysis of a structure the code gives
following loading combination. (i) 1.5(DL + WP), (ii)
1.2(DL + WP + EL), (iii) 1.5(DL = EL), (iv) 0.9
DL+ 15EL [IS 456:2000]

2. For wind load analysis of a structure the code gives
following loading combination. (i) DL +WP, (ii) DL+WL,
(iii) DL+0.8WP+0.8WL [1S 456:2000]

Both WL and EL are applied in X and Z direction. These
loads are additionally applied further in adverse X and Z
direction.

DL-Dead Load

WP-Water Pressure

EL-Earthquake Load

WL- Wind Load

IVV. DESCRIPTION OF STRUCTURE

After understanding the procedure of working in
STAADPro, two similar geometry of a circular water tank
with two different load combinations were created. The 1%
model was having combination of dead load, water load, &
wind load and 2" was having combination of dead load,
water load & seismic load. The loading conditions are
considered for the Bhopal city of Madhya Pradesh. This
location falls under Seismic zone-1l. Wind intensities have
been calculated with respect to average wind speed of the
location (Bhopal).

Data used:

. Type of structure- Space structure.

o Seismic Zone Il (1S 1893-2002/2005)

. Zone factor=0.1

. Response Reduction Factor = 3

. Importance Factor = 1
i Circular Water Tank.std - Beam

Geometry | Property | Loading | Shear Bending | Deflection | Concrete Design

Beam no. = 508. Section: Rect 0.25:0.23

0.250

Length = 3.09017

Node | X-Coord Y-Coord
459 -4.04508 -2
45() -1.54308 -8

Z-Coord UNIT:m
293893

475528

. Rock and Soil site factor = 2

. Damping Ratio = 0.05

o Dimensions of tank

. Radius of tank =5 m

. Depth of tank =2.7 m

. Height of total structure = 12.7 m(10+2.7)

. Length of column=2m

o Size of column=¢ 0.3 m

. No. of supports = 10

o Size of beam =0.23 m *0.25 m

. Ring beams = 1 top ring beam, 1 bottom ring beam,
4 ring beams connecting columns.

. Capacity of tank = 200 KL.

. Thickness of plate = 0.15 m

o Type = Dual Domed Circular Tank.

. Materials:

. Concrete = M30 grade

o Steel = Fe500 HY'SD bars

. Specific weight of RCC 25 kN/m?®

. Water loads/Pressure

. Min. Water pressure = 2kN/m? (in negative global
y-axis)

. Max. Water pressure = 25.5 kN/m? (in negative
global y-axis)

V. COMPARISON OF RESULTS:

Above data was used to create the input file. After
verifying and analyzing, following results were obtained in
Post Processing Mode.

Comparison of Geometry in Beam no. 508

Circular Water Tank.std - Beam [ ~ ]

Geometry | Property | Loading | Shear Bending | Deflection | Concrete Design

Beam no. = 508. Section: Rect 0.25:0.23

0.250

Length = 3.08017
Node | X-Coord Y-Coord

459 |-4.04508
460 |-1.54508 (-8

UNIT:m

Z-Coord
293383
475528

|
da

Additional Info Releases: Addtional Info Releases
Beta Angle: 0 imghss Start: Beta Angle: 0 Crange Beta Start:
Member En Member End:
Fire Proofing : Fire Proafing :
Radius of Curvature : Radius of Curvature :
(Gamma Angle : deg Gamma Angle
(In seismic load combination)
Fig.4.2 (a)
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Comparison of Concrete Design in Beam no. 508

. Circular Water Tankstd - Beam Ml Circular Water Tankstd - Beam

Geometry | Property | Loading | Shear Bending | Defiection | Concrete Design Geomey | Fropety | Loading | Shear Bending | Deflection | Concrete Design

Beam no. =508 Design code ; 15-456

3#10 @ 220.00 0.00 To 2080.11 3#10 @ 220.00 208011 To 308017

Beamno. = 508 Desian code : 15-456

3#10 @ 220.00 0.00 To 2080.11 310 @ 220,00 2080.11 To 308017

16 #8 c/c95.00 1848 cc95.00 16#8 £c95.00 16%8 ¢ 95.00

3#10 @ 30.00 0.00 To 309017

3#10 @ 20.00 0.00 To 202017

st 0.000 at 1545.083 at 3020.188 at 0.000 at 1545083 at 3090166
Design Load Design Parameter Design Load Design Parameter
Mz Dist. Fy(Mpa) | 500 Mz Dist. Fy(Mpa) |500
Load
KnMet |  Met o Fellina) | 30 KnMet |  Met Load Fe(ipa) |30
178 [ 18 Depth(m) |0.25 143 31 12 Depth(m) [0.28
-10.28 0 13 Width(m) | 0230000004 027 0 13 Width(m) | 0.230000004
475 31 1 Lengih(m) | 3.090166411 -1066 31 14 Length(m) | 3.090165411
(In seismic load combination) (In wind load combination)
Fig.4.2 (b)
Comparison of Shear in Beam no. 508
i Circular Water Tankstd - Beam R Circular Water Tankstd - Beam
Geometry | Property | Loading | Shear Bending | Deflection | Cancrete Design Geometry | Property | Loading | Shear Bending | Defiection | Concrete Design
Beam No = 508 Beam No = 508
M M
459 460 459 460
-164 -364 -382 -3.82
Section Forces (] Aporosimate 2nd order Efect Section Forces (] Approsimate: 2nd order Efect
Dist. Fy Mz Digt. Fy Mz
kN ki
Dist. Fy M |a m N khim Dist. Fy Mz |a " "
m kN khim m kN kNm
B - 0.000 3420 -5.752
2060110041 -3630 1601 — R R 2.060110041; -2.820 207 :
217624808 -3.639 2628 Selection Type 2317624808 -3.820 1082 Selection Type
2575138676 -3638 3565 load Czse -+ [1EQX ; 2575133876, -3.820 4048 Load Case - | 1WX v
2832650544 3620 4502 L 28326525441 -3 820 5030
3.090165411: 3639 5439 OBendng-Z () Bending - Y 3.000188411: -3.820 8014 OBending-Z () Bending - Y
v ® Shear-Y () Shear-Z | v (®) Shear- Y () Shear-Z
(In seismic load combination) (In wind load combination)
Fig.4.2 (c)
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Comparison of Bending in Beam no. 508

' -
B e i A3 S N i | Circular Water Tankstd - Beam

Geomety | Fropety | Loadng | Sheer Sendng | Defecton | Conree Desgn (Geometry | Property | Loading | Shear Bending | Deflection | Concrete Design
Beam No = 502 Beam No = 508
0.00
L 0.62

d L H n
4591 188 460 450 m\rau

L0 A%
Secton Forces [ tpprsnete nd o Efect Section Forces [ Approvimate 2nd order Efect

Dist. fz My "

: m N kim el T

Dist. Fz My A Dist. fr My |a

m kN klim

0.000 0.003 .00 m KN klim
2060110941 0003 ¢ 0001 2060110341 083 0700 oon | [68 | o
2317624808, 0.003 .00 Selection Type 2317624308 0639 0863 Selection Type
2575138676 0.003 0.002 .
Load Case | 1E0X v 2ETEI3676, 0639 1009 My
BB 0003 0003 S e Load Cae - 140X v
3090188411 0.003 0.004 (OBendng-Z  (® Bending-Y 2.090166411:-0639  -13%8 (JBendng-Z ~ ® Bending-Y
v O Shear-Y (O%near-Z v (O Sher-Y () Shear-Z
(In seismic load combination) (In wind load combination)
Fig.4.2 (d)

Comparison of Deflection in Beam no. 508
! Circular Water Tankstd - Beam O Circular Water Tankstd - Beam

Geanety | ropety | Loaing | Sear Bncing Defctin | Concee Desin (Geometry | Property | Loading | Shear Bending | Deflection | Concrete Design
Beam No = 508 Beam No =508
0.150
0.020
o 0773 D.UUS\_I L0001
459- =450 J L]
459 2318 -0.0027460
0137
Digt. Disp. ' )
Deflection m mm Deflection D::t ’ [::frﬁ
Dist Displ A Dist Displ
m mm 0.000 0.020 : :If] @ 0.000 000
2060110341:0.084 - 2080110841 0.12¢
237824803 0115 Hectn Tpe 23178243081 0,150 Selecton Type
2575138876, 1119 TEOK v e v
2832652544 0.088 PR B
@ o OIXDr 28326525441 0,097 O Ayn
3000166411 0.008 O Gobel Defecion ety ® GiobelDefecton /4
L] ¥ Dir : : @‘ ¥ Dir
v Olecd Deflcion -~ ()20 v OlocalDefectn O Z0r
Note: Displacemerts between end points are calculeted based on first order effects only Nate: Displacemerts betwesn end points are calculated based on first order effects only.
(In seismic load combination) (In wind load combination)
Fig.4.2 (e)
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VI. CONCLUSION

On the basis of the results obtained in this study, these
can be concluded: In wind load condition, higher value of
shear stress, bending stress and deflection was observed in
comparison to seismic load condition for the beams having
same geometry & concrete design and higher value of
principle stress, corner stresses, centre stresses &
displacement was observed in comparison to seismic load
condition for the plates having same thickness and position
in both the load combination. In wind load condition, higher
value of reaction forces in direction X and Z was observed
in comparison to seismic load condition at support whereas
reaction forces in direction Y were more in seismic load
combination in comparison to wind load combination. In
seismic load condition, higher value of design load/moment
was observed in comparison to wind load condition. Hence,
wind load condition should be preferred over seismic load
condition while designing the structure as the wind load
condition indicates severe load effects, and if a structure is
safe against severe load condition, it will definitely be safe
against every load condition.

FUTURE SCOPE
This type of study can be used for bridge analysis.
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