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Abstract - Considering the contribution of industrial facilities to the national economy, securing operability
against earthquakes is very important. However, the basic concept of current seismic design mainly allows
ductile behavior of facilities against large-scale earthquakes and only considers structural safety for the pur-
pose of preventing collapse. In order to secure the operability of industrial facilities, the level of seismic per-
formance to maintain operability may vary depending on the structural behavior characteristics of the in-
dustrial facility, and a seismic design method is needed to satisfy this. In this study, a ground storage tanks
Nonlinear seismic behavior characteristics(Z— p— 7) were analyzed through nonlinear response history anal-
ysis, and based on this, a new reliability-based, performance-based seismic design method was proposed.
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Fig. 1. Spring-mass model of ground storage tanks.
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Table 1. Parameters of analysis model

P
Description Modell Model2 Model3 Model4 Re1
d (m) 17 12 122 10
h (m) 17.7 10.5 132 14.1
R=1.5
h,, (m) 15 8.9 112 12
R=2
h, (m) 10.7 6.0 8.1 93
(ho/h,) 0.71) (0.68) 0.72) (0.78) / } R=25
) ~4.5
h; (m) 5.96 33 45 5.1
(h;/h,) (0.39) (0.375) 0.4) (0.42)
h,/d 0.88 075 092 12 A
m, (kN/g) 884.8 309.4 327.3 180.6 Fig. 2. Force(P)-Disp.(/\) relations.
(m./m) (0.25) (0.31) (0.25) (0.19)
m; (kN/g) 2614.6 702.5 1022.6 807.0 )
(m/m)) .77 (0.70) 0.78) (0.86) 0 4 (tension)
K, (kN/m) 1850 911 954 643
7. (s) 0.17 0.14 0.16 0.17 —m—
T, (s) 4.34 3.64 3.62 333
d : diameter of tank -
h : height of tank (tension)
h, : height to free water surface amm=mm T
h; : height to impulsive mass
h. : height to convective mass S 4
m, : total mass of storage liquid
T, : impulsive mode period Fig. 3. Inelastic material model
7, : convective mode period (Menegotto-Pinto Model).
A7NH, g FHIEE, 5,(T) € FARE A%
Table 2. Elastic forces Z7)o A Q] ALY L& ot}
— TFaEe| AAGRAE(F)9} FRR(A )= F
t Rati - - . -
Model Eq(5) @ . nal";;:‘@ @a/és) Homsia oz g3t FAF A o)A o
wio] BEe AN Fo Al FAAY
Model 1 69124 kN 70621 kN 0.98 (rni)?_] ;‘g‘—% ZFetsted =) :o‘]-?g(%]-%- Z}%—%‘)—e___ =A%
2ko] 9] % 3] ZF o g o] S}~
Model 2 18585 kN 18874 kN 0.99 3o flA = skt 2 mlell A’ o] SR

F(R)yE A8 FBZHS 243t 0.5 HH 02 17

Model 3 27035 kN 27429 KN 0.98 E] 4.571A] W8I =5 St Fig. 2+ ROl W& 3%

HEAP-A) FA& UERAd AL 2 Rol| F-d3HA 27

Model 4 21335 kN 21670 kN 0.98
o i 242 EAE] G EIE o} M Roll whole]
3o,
& SARE ol vlg| w5 2ol FAD 9 ZF Sl e el 15719 JEA QTS qleEste]
ErEollHEd el eR AR A 218-g5k(217h o] 98] 4(THA; Time History Analysis)
e Akl & Saelglon], HUSTU(A)E FARE 9

oA A o] 2 FE4 QWA oA T3 FEHHIY
Fa=mg)xS(T) — ® (A2 1Fro] WMol 4 () et 44H
A AF5CEA) S ¥ E 98 = F-E Menegotto-Pinto
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Fig. 5. Design spectrum.
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Table 3. Statistical characteristics of responses

Model 1
TR H(m) 2 FFHNK0) HAAN=(p) ¥l m+1o
R THA THA THA THA
nHA oA ,:LW A ey l:;;:v i THA 4 S THA %
45 0.051 0.014 0.27 109 10.4 1.05 0.065 1.27
4.0 0.045 0.014 031 8.5 8.4 1.01 0.059 1.31
3.5 0.038 0.012 0.32 6.4 6.6 0.97 0.050 1.32
3.0 0.035 0.009 0.26 52 5.1 1.02 0.044 126
2.5 0.031 0.007 0.23 3.9 3.7 1.05 0.038 123
2.0 0.024 0.005 0.21 24 25 0.96 0.029 121
L5 0.022 0.002 0.09 1.6 1.6 1.00 0.024 1.09
1.0 0.021 0.0008 0.04 1.0 1.0 1.00 0.022 1.04
B 0.22 Bt 1.01 Bt 1.22
Model 2
47 0.028 0.013 0.46 9.1 113 0.81 0.041 1.46
3.9 0.026 0.012 0.46 7.0 8.0 0.88 0.038 1.46
3.4 0.023 0.009 0.39 5.4 6.3 0.86 0.032 1.39
3.1 0.020 0.008 0.40 4.4 5.3 0.83 0.028 1.40
2.5 0.017 0.007 0.41 32 3.7 0.86 0.024 1.41
2.0 0.015 0.005 0.33 22 25 0.88 0.020 1.33
L5 0.014 0.004 0.29 15 1.6 0.94 0.018 1.29
1.1 0.011 0.002 0.18 0.9 1.1 0.82 0.013 1.18
Ht 0.37 B 0.86 B 1.37
Model 3
45 0.047 0.012 0.26 122 105 1.16 0.059 1.26
4.0 0.041 0.01 0.24 9.5 8.3 1.14 0.051 1.24
3.5 0.037 0.009 0.24 7.4 6.5 1.14 0.046 1.24
3.0 0.031 0.009 0.29 53 5.0 1.06 0.040 1.29
2.5 0.025 0.007 0.28 3.6 3.6 1.00 0.032 1.28
2.1 0.021 0.004 0.19 24 26 0.92 0.025 1.19
15 0.018 0.002 0.11 L5 1.6 0.94 0.020 1.11
1.0 0.018 0.0008 0.04 1.0 1.0 1.00 0.019 1.04
B 0.21 Bt 1.05 e 121
Model 4
44 0.047 0.013 0.28 104 10.0 1.04 0.060 1.28
4.0 0.043 0.01 0.23 8.6 8.4 1.02 0.053 123
3.5 0.036 0.01 0.28 6.5 6.8 0.96 0.046 1.28
3.0 0.031 0.008 0.26 4.7 5.1 0.92 0.039 1.26
2.5 0.025 0.006 0.24 32 3.7 0.86 0.031 1.24
2.0 0.024 0.003 0.13 25 2.6 0.96 0.027 1.13
L5 0.021 0.001 0.05 1.6 1.6 1.00 0.022 1.05
1.0 0.020 0.0008 0.04 1.0 1.0 1.00 0.021 1.04
Ht 0.19 <t 0.97 Bt 1.19
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FER - HAE - 700d - BEw
(&) Table 4. Ductility limit (y,,) for each perfor-
___________ Fo(EHd X T1H) mance level

This study ASCE 41

5.0 2.33 3.67 5.0 2.50 3.75 5.0

Hear* ! : - -
F 1 AMn | FA &7 B3
_EIA /t i g o | ma | owe | 1O | LS | CP
i
1
1
1
1
1
1
1

T
1 ]
712 ' JAST, #I53 ) SAYX
Fd . M L B Hp 60 | 267 | 433 | 60 | 300 | 450 | 60
A 3
| : : 70 | 300 | 500 | 70 | 350 | 525 | 70
1.0 AMH OO A 50~
LGEBEE () 80 | 333 | 567 | 80 | 400 | 600 | 80

Fig. 9. Dispersion of response ductility ateach
performance level.

Table 5. u,,. & R, according to each performance level

Hu BH WAL= (1)

5 6 7 8
@ i, 2.33 2.67 3 333
. @bty 1.77 2.00 22 241
@ 0.76 0.75 0.73 0.72
Biesign 159 173 184 195
Oy, 3.67 4.33 5.00 5.67
ko= anm Oy 2.61 3.01 3.40 3.78
15 o) 0.71 0.69 0.68 0.67
Riegign 2.05 2.24 241 2.56
Oy, 5.00 6.00 7.00 8.00
29 T 3.40 375 4.38 5.00
@D 0.68 0.63 0.63 0.63
Riesign 241 2.55 278 3.00
@ g, 2.33 2.67 3 3.33
N @ Ly 1.67 1.86 2.05 224
@ 0.71 0.70 0.68 0.67
Biesign 153 165 176 187
Oy, 3.67 4.33 5.00 5.67
k= anm Oy 242 2.78 3.12 3.47
2.0 @D 0.66 0.64 0.62 0.61
Ricsign 1.96 2.14 2.29 2.44
O pyiy, 5.00 6.00 7.00 8.00
239 T 3.12 3.63 4.38 5.00
ey 0.62 0.61 0.63 0.63
Resign 229 2.50 278 3.00
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