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Abstract ; In order to study the seismic responses of large vertical oil storage tank ,and compare the
effect of the interaction between pile and soil on the structure of the upper storage tank,a three —
dimensional model of pile-soil-storage tank is established by ADINA with seven earthquake ground
motions including long period ground motions. The results show that,the base shear force,overtur-
ning moment , tank wall stress and fluid pressure decreases,but the sloshing wave height and axial
stress increase when considering the interaction. And the axial stress of the tank wall is 3. 71 times
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than that of the rigid basis. The dynamic response of the tank under the long period of ground mo-

tions is higher than that of the ordinary ground motions,and the wave height increases greatly and

the maximum is 7. 46 times. The dynamic response is different compared with before , when the a-

mount of liquid is low (25% ). The base moment increased and the tank bottom plate tilted. The

influence of pile-soil interaction and long-period ground motion on the tank should be considered

in the seismic design of storage tanks,and reinforcement should be performed at the weak part of

the tank.

Key words : pile-soil effect;long period;storage tank ;seismic response
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Table 1 Soil property

4 JEE/m  #E/ (kgom™3) Pk B/ MPa THA L WEEHEf/(°)  HiEJ1/kPa
it 2 1 600 64.5 0.4 12 8
e 8.8 1590 47.1 0.45 10 8
b gDt 3 1 840 240.37 0.4 16 20
rFofH D 3.2 1 850 577.42 0.35 28 5
FRBD B+ 10.6 1 850 589.225 0.3 20 18
R AT 10.0 2 050 1312 0.28 30 32
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Table 2 Earthquake records
Hb W 4 ik % i S T/s RN E (/g FHL/s

BVP090 San Fernando( 1971 4F) Buena Vista — taft 0.342 0.122 26
SON033 San Fernando( 1971 4£)  San Onofre — So Cal Edison 1. 960 0. 131 52
TCU006 BIEEEMIR (1999 4F) RIF /N 2.094 0.075 90
TCU094 BIBAEAEGZ (1999 4F) /N 2. 062 0. 058 90
ANTHEEA 1 — — 0.220 0.2 32
AT HH?2 — — 0. 538 0.2 32

ANTLHEE3 — — 0.238 0.2 32
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Table 3 Comparison of peak base shear force,base moment and maximum sloshing wave height

g J75/m HLIETYS1/10° N HIRAHE/10° (N-m)
P+ Wil P+ Wil P+ Wil

BVP090 1. 200 1.110 1.120 1.57 2.50 3.68
SON033 1.992 1. 899 0.993 1.39 2.16 3.02
AT R 0.973 0. 956 0. 800 1. 12 1.69 2.54
AT HE2 1.536 1.513 1.010 1.41 2.24 3.14
ANTHES3 1.354 1.334 0. 843 1.18 1.89 2.84
TCU094 5. 862 5.720 1.210 1.79 2.70 4.22
TCU006 7.256 7.167 1.310 1. 69 3.02 3.85
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Fig.3 Comparison of base shear,overturning moment
and wave height of BVP090
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Fig. 4 Fourier amplitude spectrum of artificial bedrock wave
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Table 4 Seismic wave excellent frequency

iR I T LU/ He b 2 I LR He RN AR He
BVP090 2.92 3.03 3.17

SON033 0.51 1.96 3.17

ATHA 4.53 4.53(2.29) 4.53(3.63)
ANTHE2 1.86 2.03(3.09) 3.37(4.09)
ANTHES 4.20 2.13(4.19) 3.50(4.20)
TCU094 0.485 2.22(0.2) 0.485(0.2)
TCU006 0.477 1.95(2.48) 0.50(0.13)
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Table 5 Comparison of stress peak of tank wall

— H U F1/ MPa & W N 1/ MPa R[N 1/ MPa a1 1/ MPa
=3/,
it Wil Bt NIl i R it XK
BVP090 103. 96 108. 1 42.2 47.2 64.7 68.7 5.36 1.83
SON033 95. 60 96. 4 36.9 39.7 63.6 65.1 4.84 1.35
ANTHA 93. 00 94.2 37.3 46. 1 60.5 63.1 5.05 1.36
ANTHAE2 94. 62 100. 8 36.6 43.5 62.0 65.5 4.54 1.64
AT A3 93.50 94.2 37.9 39.7 62.6 64.5 5.13 1.43
TCU094 104. 50 105. 8 42.7 44.3 71.6 73.0 5.81 1.89
TCU006 109. 30 114. 4 44.3 48.3 75.8 78.3 5.66 2.26
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Fig.7 Comparison of effective stress
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Table 6 The value of wave height,base shear force,base moment and fluid pressure with different amount of liquid

‘ o JiH/m JEIRET1/10° N FIELH/10° (N-m) FRES1/kPa
Wil SRR %
it W Bt M it W Bt Wi
25 0.605 0.571 0.095 0.133 0.380 0.330 14.90 21.0
50 0.513 0.476 0.250 0.350 0.630 0.920 26.50 41.4
BVP0%0
75 0.751 0.729 0.573 0.850 1.390 2.120 41.60 76.9
100 1.200 1.110 1.120 1.570 2.50 3.680 63.70 106. 4
25 3.806 3647 0.115 0. 164 0.813 0.645 26.40 4.6
50 4.731 4.624 0.426 0. 469 1.640 1.730 43.70 45.1
TCU006
75 6.115 6.041 0.802 0.985 2. 400 2.880 57.50 69.6
100 7.256 7.167 1.310 1.690 3.020 3.850 71.38 94.6
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