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Abstract - The purpose of this study is to develop a simplified design model that can be applied to the large capacity water tank
with stainless corrugated panel wall and additional horizontal reinforcement frames installed in the tank. Design seismic load
determination and application process considering impulse and convection was reviewed for the seismic design of rectangular
shaped tank. The effect of aspect ratio and capacity of the tank on the seismic water pressure was negligibly small but the max-
imum stress appeared on a structural element was influenced by those factors along with the water height. Based on the full scale
FEM analysis using shell elements, safe designs of the water tank considering additional horizontal reinforcement frames were
proposed according to the capacity and height of the tank. From the numerical analysis, it was found that the design was governed
by the maximum stress on the H-beam. Therefore, this study proposed a simplified beam design model with internal spring sup-
ports that can reproduce the moment distribution along the H-beam in the 3D FEM model.
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(b) Example of additional horizontal reinforcement frame
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(c) Simple beam design of H-beam without
horizontal reinforcement frame

Fig. 1. Water tank with stainless corrugated panel wall
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Calculation of hydrostatic pressure and seismic load
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Seismic load calculation process

Simplified design 3D FEM based design Tank Calculation of Design Seismic Dynamic water
i weight — dynamic — coefficients — load —> pressure
calculation characteristics calculation calculation distribution
Determine thickness of STS
anel that satisfies the Water tank full-scale 3D FEM Effective mass Estimation of Calculation of Calculation of
P modeling and height of impact seismic hazard load acting pressure acting
allowable water pressure and convection and design spectral  a wall awall
l components acceleration
LLoad appliedlon/Hboam Load applied on H-beam and Load modeling of 3D FEM models
assumed as simple beam S TS‘panel cqns@ermg
direction of seismic force
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&= pressure = +
Check the allowable stress
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Fig. 2. Comparison of existing simplified design process and 3D FEM based design
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Fig. 3. Equivalent linear distributions of impact and
convective dynamic water pressures
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Table 1. Details of seismic load calculation
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Parameter Capacity Aspect ratio Height Wall panel thickness Length Width
(ton) (m) (mm) (m) (m)
1,000 15.16 15.16
1,500 17.16 17.16
Tank 111 5 25
capacity 2,000 21.16 21.16
3,000 25.16 25.16
1:1 25.16 25.16
i 1:1.5 30.16 20.16
Aspect ratio 3,000 5 25
of a tank 1:2 35.16 17.16
1:3 43.16 14.16
50 44.15—44.15——44.15——44.15— 50 44.15—44.15——44.15——44.15— 50 44.15—44.15——44.15——44.15—
o~ 40 — 40 ~ 40
g 30 g 30 = 30
) ) z
] 20 ] 20 ] 20
S| 669 6.72 6.72 6.71 S| em 6.71 6.70 6.69 S| en 6.72 6.71 6.66
72 .65 51 1.41 1.41 1.30 1.23 1.15 41 .55 .65 72
NIRRT ERN TR I R ER RN IR TR R R
1,000 1,500 2,000 3,000 1:1 1:1.5 1:2 1:3 1:1 1:1.5 1:2 1:3
Capacity (ton) Aspect ratio Aspect ratio
Static M 0.7 * Dynamic M 0.7 * Dynamic Static M 0.7 * Dynamic M 0.7 * Dynamic Static M 0.7 * Dynamic M 0.7 * Dynamic
=0 =0 (y=Hy) =0 (=0 (y=Hy) =0 =0 (y=Hy)

(a) Tank capacity

(b) x-direction of seismic force

(¢) y-direction of seismic force

Fig. 4. Static and dynamic load according to tank capacity and aspect ratio
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Table 2. Details of FEM model
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‘ Horizontal Hydrostati(z: load Combinedzload
Height | Capacity S S Wa}ll panel reinforcement frame (kKN/m”) (kKN/m”)
(m) | (ion) (m) type | " | Thickness | Istallation
o) height y=H, | y=0 | y=H, | y=0
(m)
1,000 15.16x15.16 S4R 1.72 50.83
5 2,000 21.16%x21.16 S4R 2.5 3.0 0 44.15 1.51 50.87
3,000 25.16%x25.16 S4R 1.41 50.86
1,000 14.16x14.16 S4R 2 1.78 55.83
5.5 2,000 20.16x20.16 S4R 0 48.56 1.66 55.94
3,000 24.16%x24.16 S8R 1.55 55.94
1,000 14.16x14.16 S4R 3.0 1.84 60.83
6 1,750 17.16x17.16 S8R 0 .97 1.86 60.95
2,000 19.16x19.16 S8R 4.0 1.80 60.99
3,000 23.16%x23.16 S8R 1.69 61.01
1,000 13.16x13.16 S4R 2/4 1.89 70.67
7 2,000 17.16x17.16 S8R 40 0 61.80 2.04 71.01
3,000 21.16%x21.16 S8R 1.96 71.12
8 1,000 12.16x12.16 S8R 0 70.63 1.90 80.24
Table 3. Material properties of FEM model
Material Unit wei}ght Yield strength Tensile strength Elastic modulus
(kKN/m”) (MPa) (MPa) (MPa)
PossHN1 77.8 350 650
SS275 77.0 275 410 210,000
SM355 77.0 355 490
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Fig. 5. Example of 3D FEM modeling for tank
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*Install horizontal reinforcement at 2 m height.

allow_normal($8218) = 165 MPa

@
3
a

Stress (MPa)
=
(=]

%3
=}

Hydrostatic
Seismic

1,000 ton
(14.16 m x 14.16 m)

1,500 ton
(16.16 m x 16.16 m)

1,750 ton
(17.16 m x 17.16 m)

Fig. 6. Maximum stress on H-beam under hydrostatic
pressure and seismic load in 6 m height tank
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o] Z7 ol wet @A 7k (Fig. 7(a)) ol 882 9
F B3 Zohct, 2t W)= 0.44h - 0.65h FE-EZFA A
o] glo] B3 s dofA] AERITH(Fig. 7(b) - Fig. 7(d)). 0171
A 6 m 0] 1,000E0]4 1,750 02 Z715t uf] HE 7
HAYsh= 2] S22 FAT S Y A7 s LS
A= FARRE 712718 Bot, 71 48 B3A7F2m, 4 m
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HE A o EA ok 682 s L9 50 gt
S110o]H, Eolof w2 S11 ¥ Fig. 9(a) - Fig. 9(m)3t 2
o] FAFSHA UrEgtth HE 7 Q- 2734 9] sheh-2 vl I

Table 4. Maximum stress for each member under seismic load and maximum displacement

Horizontal :
. Maximum stress
reinforcement
Height | Maximum frame (MPa)
apacity .
h t displacement - -
(m) (ton) (mm) Installation Wall Horizontal Upper Bottom
height H-beam ancl reinforcement panel panel Column
(m) P frame and frame | and frame
1,000 5.5(0.0011h) 158.9 72.4 174.6 313 137.6 19.4
5 2,000 6.4 (0.0013h) 176.8 81.7 187.5 36.2 152.6 23.4
3,000 6.8 (0.0014h) 202.7 87.6 192.8 53.6 163.8 28.0
1,000 7.4 (0.0013h) 2 160.9 71.8 178.0 41.4 145.9 19.0
5.5 2,000 8.4 (0.0015h) 177.6 82.3 195.8 46.2 164.1 21.8
3,000 8.5 (0.0015h) 209.7 122.4 199.8 66.1 175.1 33.6
1,000 11.4 (0.0019h) 179.5 86.2 2242 61.3 162.8 28.7
6 1,750 6.1 (0.0010h) 211.5 120.2 161.4 31.0 177.1 254
2,000 6.4 (0.0011h) 217.7 124.7 166.2 324 182.4 26.8
3,000 6.9 (0.0012h) 229.0 132.6 174.6 35.1 191.7 30.0
1,000 8.1 (0.0012h) 2/4 216.0 91.5 202.6 47.1 209.3 274
7 2,000 8.9 (0.0013h) 237.6 1523 202.1 51.5 229.1 34.6
3,000 9.7 (0.0014h) 252.4 163.6 214.0 39.1 243.0 36.7
8 1,000 12.9 (0.0016h) 260.4 163.5 260.4 90.6 251.0 40.3
280 Max stress Max stress Max stress Max displacement
260 2524
240
229.0
= 220 2160
& 209.7
& 200 202.7
£ 180 179.5
7 —— 5m
160 160.9 —— 55m
158.9 — o
140 Tm
120
0 1,000 2,000 3.000 4,000

Capacity (ton)
(a) Maximum stress of H-beam
by tank capacity

Max: 1.589¢+002

(b) 5 m height
and 1,000 ton

Max: 1.768e+002 Max: 2.027e+002

(c) 5 m height
and 2,000 ton

(d) 5 m height
and 3,000 ton

Fig. 7. Maximum stress of H-beam by tank capacity and maximum displacement based on FEM analysis
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Fig. 8. Maximum stress on H-beam and
horizontal reinforcement frame
by height at 1,000 ton by FEM analysis
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Height (m)
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(f) 5.5 m height and 3,000 ton

Fig. 9. Stress distribution of FEM analysis and simplified beam design models
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Fig. 9. (Continued)
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Fig. 10. Simplified beam design model

=

3D FEM 3| A dl 7} <=3} Beam R Elo] S 2dl
E RRZ 717 9o oot Belof A viet 2137}
5 GEZA 1A]0f| 3 E= HRlof| gt §Hg AXo]
A-g=]ofof gttt SHARE, SHHS 2= H-beams 2 F
HAA R ARESH] wl o, st Beam HEof| A 2| &
HHE 2 91219} 71 2719t Aeks] HARE 4= QUehE o

P

=



&9} ©dlo] 3D FEM A 2d 7|9k HAE diA g =
< A0|t}. WEkA] o] =20l A= Fig. 103} o] i =
A RO 'Y A2 S 2|80l B0t Beam 2
A EsHATE

<=0} Beam A L2 9] AT 0] 2 GE|= AT )
= FEAGA DA vre 22 9] S Ho AJu=]7
of vh=h §12]0]1A41 3D FEM 84| 2ot Edqt -5 T
Ao E AA 019 0 11 A= Table 52} Ztt. Table 5
O Ax Y AGE A-E3 I8t Beam L] 3 £ =
Fig. 93} 2¥0] 3D FEM 3|4} 2 HAAA] Sheke] @382 3
0 1.8 %2 %2 &S A5

Q.

o

ot

=)
L 4o o

Table 5. Spring stiffness of tanks

) ; Horizontal Spring stiffness
Height | Capacity reinforcement (kN/m)
(m) (ton) frame thickness
(mm) 2m 4 m
1,000 1.4%
5 2,000 3.0 1.1*
3,000 9.0°
1,000 1.8 -
5.5 2,000 1.4%
3,000 1.1*
1,000 .74
1,750 1.3*%
6 4
2,000 4.0 1.2
3,000 1.0*
1,000 2.0 1.3*
7 2,000 1.4%
3,000 1.2
8 1,000 1.9%
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