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Abstract: In the current procedures of design and analysis for seismic forces, base shear is calculated by the elastic
strength demand divided by the strength reduction factor. This calculated factor is known as the Response Reduction factor
‘R’, which means for ductility, redundancy, Over-strength, and damping of a structural configuration. In the present study,
the Response reduction factor accounting for ductility is known as the Ductility factor (Ru). The Ductility factor is defined
as the ratio of elastic strength capacity imposed on the single degree of freedom system to inelastic strength capacity for a
given ductility ratio. The Ductility factor allows a system to behave in-elastically within the target ductility ratio during the
design level earthquake ground. The objective of this study is to determine the ductility factor considering different
parameters. It generally requires study to determine the Ductility factor. In the present study, the Ductility factor is
determined for different parameters. For this purpose, statistical studies are carried out using different parameters such as
the height of the tank, capacity of the tank, tank full and empty condition, and different earthquake zone. The Ductility
factor is assumed to be a function of each of the above parameters. The effects of each parameter on the Ductility factor are

also discussed at the end.
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I.  INTRODUCTION (HEADING 1)

As per the Review of Code Provisions on Design Seismic
Forces for Liquid Storage Tanks by Dr. O. R. Jaiswal, Dr. D.
C. Rai, and Dr. S. K. Jain, “It is well recognized that liquid
storage tanks possess low ductility and energy absorbing
capacity as compared to the conventional buildings.” After a
study of various design codes for seismic analysis of tanks, it
is concluded that various design codes provide higher levels
of design seismic forces for tanks. Wozniak and Mitchell
(1978) state that “the high value of the lateral seismic
coefficient for tanks in comparison with buildings is
appropriate because of the low damping inherent for storage
tanks, the lack of nonstructural load-bearing elements, and
lack of ductility of the tank shell in longitudinal
compression”. The majority of the design codes follow the
approach of assigning higher design seismic action for tanks
compared to buildings. By what value the design action
should be more that may be decided based on past
earthquakes or failures. Ductility Factors Tanks should be
designed for the displacement ductility factors. Ductility
Factors appropriate to various tank materials, structural form
and type of support are specified. The intention is to ensure
that all tanks retain their contents under a level of earthquake
shaking for the appropriate risk factor and return period. In
general, it depends on the ductility of the tank and the

energy-absorbing capacity of tank can provide. For elevated
storage tanks, ductility, redundancy, and energy-absorbing
capacity are mainly governed by the staging system. Due to
low ductility and energy-absorbing capacity, liquid storage
tanks are generally designed for higher seismic forces as
compared to the force of conventional buildings. For
elevated tanks, Whittaker and Jury (2000) do not provide
specific information on ductility factor, Ru. However, it
mentions that for elevated tanks, ductility factor as
appropriate for support structure should be considered. This
may imply that if supporting structure is quite ductile then
value of p can be as high as for buildings (i.e., p = 6 to 10).
In this article, statistical studies are carried out to determine
ductility factors for different parameters such as the height of
the tank, capacity of the tank, tank full and empty condition,
and different earthquake zone.

1.  METHODOLOGY

The response Reduction factor ‘R’, which means for
ductility, redundancy, Overstrength, and damping of a
structural configuration. Ductility Factor (Ry) is defined as
the capacity to undergo large inelastic deformations without
significant loss of strength or stiffness. As per ATC 19,
ductility factor can be calculated as follows.

Ru={(u-1/@)+1}
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p= ductility ratio = Am/ Ay
Where, Am=Maximum drift capacity,
Ay=Yield drift

Following Parameters are selected to determine the value
of ductility factor

o Zone: Il LIV &V

. Height: 20m, 30m & 40m

. Capacity of tank: 5 lakh, 7.5 lakh & 10 lakh litre
. Empty and Full tank

. Shape of thank.

The Pushover Analysis is carried out for each of above
parameters under permanent gravity loading and gradually
increasing lateral loading to calculate the displacement as
well as pattern of damage. A plot (Capacity Curve) of the
total base shear of the structure and top displacement in a
structure is obtained by this analysis that would indicate any
premature weakness. For developing modelling parameters,
performance level of the structure and measures of pushover
analysis the guidelines of ATC-19 and FEMA356 has been
followed. Two action of forces are used to govern the
inelastic behaviour of the member during the pushover
analysis that is force controlled or deformation-controlled.
Figure 1 shows Elevated water tank model analysed for
pushover analysis.

For each of the above category and parameters individual
tank has been design as shown in table 1. For each category
size of each member for different staging heights and for
capacities are different. Area of steel for each member are
also assigned. All analysis has been carried out using SAP
software. Total 72 models are prepared for this analysis. This
paper is to propose a new pushover procedure to evaluate
seismic responses of elevated water tanks supported on the
concrete columns in the form of dynamic capacity curves
(i.e. base shear versus top displacement). In this regard, a
series of concrete supported elevated water tanks are
analysed for different parameters considering fluid-structure
interactions. As there are many pushover curves has been
developed for the analysis, here only two pushover curves
are shown in figure 2 and figure 3 for 20m height, 1000000
liters capacity and zone 4 and 5 respectively. One sample
calculation is also shown here. The analysis based on shape
of container is also has been carried out for many parameters,
for zone V only included here.

For hard Soil

#) _ i % @~ 1.5(In(T)-0.60)"2
10T — uT 2T

For Medium Soil

®=1+<

2
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0 +<12T—uT> 57 °
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T 3T,
=1 (_g) _ (_9> ~3.0(In(T/T4)—0.25)"2
0=1+\3r)~\ar)*®

. Maximum drift capacity Am =0.004H=74.4 mm

. Yield drift Ay =23.89mm (from pushover curve)
. p= ductility ratio = Am/ Ay =3.11

+  time period T =1.02 sec

«  ©=3.1029

« Rp={pu-1/d)+1}=168

R

i

Figure 1: Elevated water tank model of pushover analysis.
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Figure 3: Pushover curve for 20m, 100000 liters, Z-5
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20m height of staging

2 3 4 5

Ductility factor
N

W 500000 liters
(empty)

W 750000 liters
(empty)

1000000 liters
(empty)

W 500000 liters (full)

750000 liters (full)

1000000 liters
(full)

1.87

2.29

2.33

1.11
1.42

1.44

2.16 2.38
2.58 2.65
2.42 2.51
1.34 1.48
1.66 1.71
1.5 1.56
Zone

2.62

2.73

231

1.67
1.79

1.68

Figure 4: Ductility factor for 20m height of staging for

different Capacity and Zone

Ductility factor
=
(9]

2

1

05

0
2 3 4 5

- .
500000 liters 2.76 2.89 2.92 3.25

(empty)
= 750000 liters 241 257 266 272
(empty)
. :

1000000 liters 236 239 248 243
(empty)

W 500000 liters (full)  1.73 1.81 1.83 2.04
M 750000 liters (full)  1.51 1.62 1.68 1.76

= 1000000 liters

(full) 1.44 1.5 1.59 1.62

Zone

N W

Ductility factor

o = 1 ¢
ounkruvULwL

W 500000 liters
(empty)

W 750000 liters
(empty)

= 1000000 liters
(empty)

W 500000 liters (full)

W 750000 liters (full)

= 1000000 liters
(full)

30m height of staging

2 3 4 5

2.74

2.43

2.28

1.72
1.52

1.43

2.78 2.81
2.52 2.61
2.32 2.37
1.76 1.79
1.58 1.64
1.46 1.49
Zone

3.04

2.63

2.38

191
1.69

1.54

Figure 6: Ductility factor for 40m height of staging for
different Capacity and Zone

Figure 5: Ductility factor for 30m height of staging for
different Capacity and Zone

Zone 2
_ 3
g 2.5
8 2
= 15
S
= 1
©
S 0.5 III II II
[a) 0
20m 30m 40m
. .
500000 liters 1.87 2.74 2.76
(empty)
. .
750000 liters 2.29 2.43 2.41
(empty)
. .
1000000 liters 2.33 2.28 2.36
(empty)
m 500000 liters (full)  1.11 1.72 1.73
® 750000 liters (full)  1.42 1.52 1.51
. .
1000000 liters 1.44 1.43 1.44
(full)

Height of staging system

Figure 7: Ductility factor for Zone 2 and height
of staging for different Capacity

Agrawal, AJET, ISSN: 2348-7305, Volume 12, Issue 1, June 2023 0120103869(7PP) 3



ADBU-Journal of Engineering Technology

Zone 3
N 3.5
S 3
O 2.5
s 2
Z 15
% 1
9 0.5
(=) 0
20m 30m 40 m
W 500000 liters 2.16 2.78 2.89
(empty)
- .
750000 liters 258 2.52 2.57
(empty)
. .
1000000 liters 2.42 2.32 2.39
(empty)
m 500000 liters (full)  1.34 1.76 1.81
W 750000 liters (full) 1.66 1.58 1.62
. .
1000000 liters 15 1.46 1.5
(full)
Height of staging system

Figure 8: Ductility factor for Zone 3 and height
of staging for different Capacity

Zone 5
_ 3.5
S 3
5] 2.5
P 2
Z 1.5
'43 1
S 0.5
o 0
20m
W 500000 liters 562
(empty)
. .
750000 liters 273
(empty)
m 1000000 liters 531
(empty)

B 500000 liters (full) 1.67
M 750000 liters (full) 1.79

m 1000000 liters
(full)

1.68

30m

3.04

2.63

2.38

191
1.69

1.54

Height of staging system

40 m

3.25

2.72

2.43

2.04
1.76

1.62

Figure 10: Ductility factor for Zone 5 and height of

staging for different Capacity

Zone 4
_ 3.5
S 3
o 2.5
8 2
E 1.5
= 1
S} 0.5
[a) 0
20m 30m 40 m
W 500000 liters 2.38 2.81 2.92
(empty)
- .
750000 liters .38 2.81 2.92
(empty)
. .
1000000 liters 2.65 261 2.66
(empty)
W 500000 liters (full) 1.48 1.79 1.83
m 750000 liters (full)  1.71 1.64 1.68
. .
1000000 liters 156 1.49 1.59
(full)
Height of staging system

3.5

2.5

1.5

[

Ductility factor

0.5
0

B 20m (Empty)
H 30m (Empty)
B 40m (Empty)
H 20m (Full)
H 30m (Full)
® 40m (Full)

500000 liters Capacity

2 3 4 5

1.87 2.16
2.74 2.78
2.76 2.89
1.11 1.34
1.72 1.76
1.73 1.81

2.38
2.81
2.92
1.48
1.79
1.83

Zone

2.62
3.04
3.25
1.67
191
2.04

Figure 9: Ductility factor for Zone 4 and height
of staging for different Capacity

Figure 11 Ductility factor for 500000 liters capacity of
container and for different Staging height and Zone
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Figure 12 Ductility factor for 750000 liters capacity of

container and for different Staging height and Zone

20m height, Zone V
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Figure 14: Ductility factor for 20m height, Zone V for
different capacity and shape of container
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Figure 13 Ductility factor for 1000000 liters capacity of

container and for different Staging height and Zone

Figure 15: Ductility factor for 30m height, Zone V for
different capacity and shape of container
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40m height, Zone V

Ductility factor

3.5
3
2.5
2
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Figure 16: Ductility factor for 40m height, Zone V for
different capacity and shape of container

I11. DISCUSSION OF FIGURES AND RESULT

For the largest capacity and largest height of the
water tank, the variation in the Ductility factor is less,
which is around 1% to 11%. While for the smallest
capacity and smallest height the variation in the
Ductility factor is more, which is around 9% to 30%.
For small heights, large variation in the Ductility factor
which is around 11% to 42% for different zone and
tanks empty and full in condition, as height increased
variation is described to 2% to 16%. It is also observed
that by keeping height constant more variation in empty
tank condition compare to tank full condition. As height
increases the Ductility factor is also increased. As the
Seismic zone increases the Ductility factor is also
increased. More difference was observed for lesser
capacity compared to large capacity. For lesser
capacity, it is around 40% to 50%, while for large
capacity it’s 2% to 8%. For law seismic zone variation
in the Ductility factor more, as seismic zone increased
variation in the value of the Ductility factor less. As the
capacity of the tank increased the Ductility factor
decreased, this is the only parameter for which the
ductility factor decreased with the increase in capacity.
The variation in value is around 2 to 14 %. There is less
effect of shape of container on the ductility factor. As
circular shape container is having more value compare
to container rectangle and square in shape. The
variation in ductility factor due to shape is around 5 to

10%. The value of the Ductility factor for the tank
empty condition is more compared to the tank in full
condition for each parameter. i.e. height of the tank,
capacity of the tank, and Earthquake zone. (Refer to
figure 4 to figure 16 for all the above justifications).

IV. CONCUSSION

Hence, from the above discussion, we can conclude that,

o For the largest capacity and largest height, the variation
in the Ductility factor is less.

o For the smallest capacity and smallest height the
variation in the Ductility factor is more.

o For small heights, large variation in the Ductility factor,
as height increased less variation

¢ By keeping height constant more variation in empty
tank condition compare to the tank full

¢ As height increases the Ductility factor also increased

o As the Seismic zone increases the Ductility factor also
increased

o For law seismic zone variation in the Ductility factor
more, as seismic zone increased variation in the
Ductility factor less.

o As the capacity of the tank increased the Ductility
factor decreased.

o There is less effect of shape of container on the ductility
factor. The value of ductility factor is more for circular
shape in compare with others.

e The Ductility factor for tank empty condition is more
compared to tank in full condition for each parameter.
i.e. height of the tank, capacity of the tank, and
Earthquake zone.
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