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Abstract - The purpose of this study is to analyze behavior characteristics according to structural details based on FEM analysis
for optimal design of a circular water tank with double panel wall. Design seismic load and distribution of hydrodynamic pres-
sure from design codes are investigated in order to determine a proper application to the seismic design of the circular water
tank. Based on the full-scale FEM analysis using shell elements, the influence of X-bracing and L-angle stiffener are inves-
tigated. From the numerical analysis, it is confirmed that using the X-bracing at the upper wall and the L-angle stiffener at the
outer lower wall is more efficient to reinforce the tank. In addition, for the same capacity, the change in the behavior of the wall
according to the spacing between interior and exterior walls is negligible. The inner wall, which hydrostatic pressure is balanced
inside and outside, is exposed to buckling due to the hydrodynamic pressure in compression direction, and reinforcement details

using the L-angle stiffener are proposed.

Keywords - Double panel wall, Circular water tank, Seismic design, Hydrodynamic pressure, Finite element analysis

AAAAY L= xR0 Q5] &£ o] HhA
tHe & AA9] f-E2 g

[oj A= 2 AR A A &4lo] Ay
ot @7 B2 293 94848 2 Ao Sgh

oZ,
ol
ok
o ol

[0)

Note.-Discussion open until October 30, 2023. This manuscript
for this paper was submitted for review and possible publication
on February 06, 2023; revised on March 10, 2023; approved on
March 13, 2023.

Copyright © 2023 by Korean Society of Steel Construction
"Corresponding author.

Tel. +82-2-970-6578 Fax. +82-2-948-0043

E-mail. jinkook.kim@seoultech.ac.kr

ITO
[
rr
K
oy
H1
fu
o,
g do B ol

o, M

REVIPNE o g3 e
3 SR EERESE SR
o] A1) 2 ) g kel A o]
% YHOE FUF 2EHES YIS 39
o Fig. 19 2tk 712 £5% 9Y 293
9} o] o] A1 55 P4
o] AA ], FEFY 99 B
A7t EYAQ o)F W WA 7R 14
A A% W 4, AR A S 49

o
i
ot
{u

¢
ul
o
2
__)‘.1_4“

)

(e}
9]
® 1
= 39
4 E ® S o4 =

[o
uie]
o,
2
)
=
19

:([U
o
[
rir
o,
o
v
)
ol i=) N )

X9
g &

g2t = A3 A2 (EE A 183%) 2023 4€ 59


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2023.35.2.059&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

N> Exterior wall

Interior
inflow pipe

Inlet pipe

(a) Water tank with double panel wall

.

(b) Water tank with baffle wall™®

Fig. 1. Example of water tank with and without baffle wall
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Fig. 3. Effective weight and height by design standards
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Fig. 4. Hydrodynamic pressure distribution
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(a) Details of FEM model (b) Details of reinforcement
Fig. 5. FEM model
Table 1. Panel thickness (Unit: mm)
Exterior wall Interior wall
Roof Floor
Height3m-4m | Height2m-3m | Height I m-2m | Height 0m-1m Full height
2.0 2.5 3.0 2.0 2.0 3.0
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Table 2. Analysis cases of FEM
‘ L-angle Hydrostatic load (kN/m?) Combined load (kN/m?)
D D' X-bracing teri - - - -
No. ) | ) (exterior) | Exterior wall | Interior wall | Exterior wall | Interior wall
Type | Number of sets Type y=H,| y=0 |y=H,| y=0 |y=H,| y=0 |y=H,| y=0
1 X1 21
2 42
3 21
4 X2 42
5 21 L1
X3
6 36 42 024 | 39.56 | 1.08 | 6.92
7 40 21 . -
x4 0 35.32
8 42
9 L2
10 X4 21 L3
11 L4
12 33 0.40 | 39.85 | 0.99 | 6.55
X4 21 L1
13 30 0.53 | 40.22 | 0.90 | 6.19
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Buckling load : 40 %
0 U, U1
Interior 1 +3.5362400
wall m +3.083¢+00
+2.630e+00
+2.177e+00
1.724e-
I'm +1.271e+00
+8.185e-01
+3.655e-01
8.748e-0:
I'm 5.405e-01
9.935e-01
4460+
1m 1.899%e+00
(a)Plan 1
Buckling load : 74.5 % of hydrodynamic pressure
0 E S U, u1
Interior +1.502¢+00
wall 1m [ +1.222e+00
+9.434e-
+6.643e-01
+3.852e-01
1m +1,060e-01
-1.731e-01
-4.5220-01
-7.313e-01
2m -1.010e+00
-1.28%+00
(@500 mm) -1.569e+00
-1.848e+00
LY.
(b) Plan 2
: u, UL i
Interior +1.833¢+00 Buckling is not occurred
1 1m 1.530e+00
wal +: +
+1.226e+00 @
+9.2316-01
1980
+3.165e-01
+1.323e-02
3m -2.900e-01
1 -5.933e-01
(@500 mm) -8.966e-01
i -1.200e+00
1.503e+00
-1.806e+00
(c) Plan 3

Fig. 11. Interior wall behavior according to
the L-angle reinforcement plans
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(a) Exterior wall
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(b) Interior wall

Fig. 12. Maximum stress on the wall with respect to spacing between interior and exterior wall
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0% Wd HATE PEF 4F B B L T2 Ao w2 AFEY B4
S, Mises Max: 19.44 MPa S, Mises Max: 14.08 MPa S, Mises Max: 9.90 MPa

SNEG, (fraction = -1.0)
(Avg: 75%)
+1.408e+01

SNEG, (fraction = -1.0)

(Avg: 75%)
+1.944e+01
+1.782e+01
+1.620e+01
+1.45%e+01
+1.297e+01
+1.135e+01
+9.730e+00
+8.112e+00
+6.493e+00
+4.875e+00
+3.256e+00
+1.638e+00
+1.942e-02

+1.2082+00
+3.7240-02

(a) Spacing 2 m

(b) Spacing 3.5 m

SNEG, (fraction = -1.0)

(Avg: 75%)
+9.909e+00
+9.086e+00
+8.262e+00
+7.4392+00
+6.615e+00
+5.792e+00
+4.969¢+00
+4.145e+00
+3.322e+00
+2.498e+00
+1.675e+00
+8.514e-01
+2.790e-02

(c) Spacing 5 m

Fig. 13. Stress on interior wall by hydrostatic pressure according to spacing between interior and exterior wall
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