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0.8
0.6
= 0.4
wmo
=
# o02f —=-05IWCW1.5
e ——051WCW3.0
- (051WCW4.5
of ~v-051WCW6.0

06 08 10 12 14 16 18 20
I BETER 2%

P10 e B A it JBE ol R AR 4K

Fig. 10 Acceleration amplification factor of the tank wall
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Tab.3 Basic material properties of the LNG tanks

Rk e ol
W/ (kgem™) 7850
s/ (N-m™) 2.06X 10"
9% Ni{ JHFALE 0.3
JEARSREE /(N m™) 4.90x 10°
IR/ (N m ™) 2.15X10°
WP/ (kgem ™) 2500
T 7 TR B £ BEPEAE /(N m?) 3.86 X 10"
JHFALL 0.17
WRAR NG /e 0
AR/ (N-m™?) 2.56 X 10°

PR BTT, MR A A AR B 2 R [ R S A AR .
HE SE Al >R FH P19 55 Beam BT, Beam 50 4 #E AL 7Y
fAT i 5 E SCRTRUE R AN RS A 56 5 AR 7Y i AR
X AN 25 R 22 8] A 42 fid, AR T = 4 5
PR BT, AR H4 2% F Mohr-Coulomb £ %Y | fif #E 45 3 43
B A PR e B G 1] 15 PP o

PZ=0p

S pZ=O»

(a) PIRE (b) HME
(a) Inner tank (b) Outer tank
A
D
]
N
(dy #E2E
(d) Pile

(e) 4k
(e) Soil

K15 LNG fiff 4% 5 0 A BR e A 2
Fig. 15 Finite element model of each part of LNG tank

2.3 HEBIIHF

b A R A R A SCHR [ 36 ] R 2 A T B 1 B

E X6 F R &6 4, 72 BRIT 4 BT Hh R BUA R 440k
R T PR R T A A R AT s R
B, 24 RBHJE o 0.1 ELK R H R T 6 1, R
SEA A FR R B i A A R 2 T
FESY AN AR SCR B e sh 7 8 R R B AR
R AR 84 IR K IR L 21,

FEAT BRI 1133 T b A IO A% 1 i 2% 22 8 4 52 ) 3
SRS B o WY URUR B T 1) Y A% R 4 4 BT
i_l_;%‘r[-w]

1 1 1
Mm<§xum=§ﬁth
Ao Lo AU AR R B T ] 0 g K R s RST
Lo WHEE WA, VORI T £ 2 b /By
I, [ oneor A 5 B 1) 28 0 0056

WE R 1/4 B 905 2 4 0 ) A 0 B— 2
B AR AR A BRI 43 26 4y L3240 .38 4 .40 {53 il
50 53, 155 A8 0 B {E S 3 m/s” 1 chnua370190
S WAE T WY A s B Dy ) B n B O AT 0
Eb, f T 16 7T, 24 A A i R o3 03 B8k B 38 1y ), B
NI R o NS A N W R B KO e o N CR 8
I3 0 384y , B e+ LN G il BEAR R 41 18] 17 FF s o

(14)

2.5 3103]5 4.I0 4.I5 5.I0 5I.5 6.IO 6.I5 7.I0 7.I5 8.0
ASIIERE /(m * 57)
B 16 Al 43 00 O s B2 (1) 5% g

Fig. 16 Effect of soil partition number on acceleration

BI17 16 X 10" m®fE-1-LNG fiff i A7 B oo A A
Fig. 17 Finite element model of 16 X 10* m? pile-soil-lLNG
tank

2.4 HMIEIHBEAN

VB R 56 A ) (0 35 5 i R AT KRR LNG
fit T B = ] B R O N SR e U R R
P R P R R N 1 T '] 18-20 i, [ E-W R



522 & 3 T

034 %

[

“HEP” N-SE/R“FEI”,UDERLETF”., HE
18 AJ 241 45 V4 1) Sk 3= 1), [&1 19 1 20 2% B 45 14 1) 35 1)
LR )RR AR R A K . AE Bh 7GR 2 X A

R A H Y T
4
—051WCW E-W
3+ -=-051WCW N-S
~ ol ol L= -051WCW U-D
g 1
> 0
g
b
B

B A / s
18 ik i e A

Fig. 18 Acceleration time history

0.10
235Hz [—051WCW E-W
008k —-—051WCW N-S
- 051WCW U-D
0.06
5
004t
0.02

12 15182124

0 3 6 9

F / Hz
BI19 B Rk

Fig. 19 Spectrum characteristic

12
—051WCW E-W

10} 42's|-..-051WCW N-S
- 051WCW U-D

.......................

SBR[ g
© N B o ®

0 0l.2 014 016 018 1.I0 1.I2 1I.4 116 1I.8 2.0
JA# /s
F 20 RN
Fig. 20 Response spectrum

2.5 KEIME-1-LNG fif # ith 7 w5 43 47

2.5.1 EARHE o BT

P P12 ¥ AR s R o s R R R BT
J6 , AN R TOR R BCHE = A D7 ] ) b AR B VR
A AT AT 7E 0-23 mo s B LA, X 1) 0
R R BRI, Y e Ko 76 23-29 mys W, =
AT T B0 R R R B K R A R B T L
I 30T b 35 119 5K+ 22 6 Hb 7% 80 1) R0 o B W .
UL A, i b 72 B0 i T U (1% 346 R, At B ik
RARBOREBER BN, LI D N bifi %5 b 7% 2 A%

SR, LAARY AR L MRS B T ROCBREZ M R, L ARBH
0T A R AN

30 —=-1.5X --3.0X -I-4.(§X ]

pd | ety & 5 ey s A i |
24 ] . -
g 21 ! )
Sl f
o 15 y s s
W 12 i/ 4
& 9H
H 6H ||
SHH
OHH

20 3010 20 3010 20 3.0
RRLYIBYEY O V]
P21 A o i B R AR B

Acceleration amplification factor of the soil

1.0 20 3.0 1.0

Fig. 21

[l 22 F11 23 Ay F 24 U 55 i 3% 8 o S R LA
TR A T B 4 SR R T - b IR ) o sk R e R 0
‘ﬂ‘fﬁéﬁgaw‘zm{u {8 by 3 3 1% Jonn R B 0 R0

TERR o H UG AT s Hl R VR b AL AR R
ﬁﬁaf‘ﬁﬁﬁijwﬁm,@im;%évﬁé@ﬁt%ﬁ«}:iﬁ
B,

—EHWBE-W
- Hi R P E-W]

. S‘Z)

50 6
[— FLEN-S
o HIRIEN-S
50 6
— A U-D
o HRIEU-D
50 60

(m

TSEE /

i EA
K22 JLAA 5 0k e

Acceleration time history of the bedrock wave and

R A
Fig. 22

surface wave

Ty
EE

OO0 OLPOO L2
O W —NWLE MR

SR | Hz
23 3% 5 M 3 P R

Spectrum characteristics of the bedrock wave and

Fig. 23

surface wave

2.5.2 M BRI E v oM
LN B W 3 m/s" B M BRI R ) e B A
b B B A RE AR A T A E AT O3 A, 1 24 Ty
LNGﬁ%‘ﬁéWWWﬂL 55 vl () AT £ o R TR R B,
S 00 A e TR AR A X T R Z T T R Y



o5 31 PR, 4. M-+ LNG RS &

90 5 BUE AT B b 523

e R BE T4 R, Y I i R S S e o 7
A 2 1) B4 0 3 R T R AR B /DN L Y ) R R R TR AE X
T (183 38 B8 3 R AR s /N, Y ) i K, L R ] A £
TR R BT PIMIAE . %45 R R W R LNG
il HE A iy 752 1 1 A 6 S W A8 Ol B %, A 23 B v 2L
o 1) 52 TR R S AR T O 18] o R T R L
R 3 YR T 5 5 R, 2 R A T A 2 A T A
49 S 3l , 3 2 o i TR A % A 7 A SR AR )T
X AR AE I AE — € B B L) TR s . it
A1, 35 Sy R A AR R R A 1] I A % L XA i
it v M 2 Bl 2 A7 AR SR SR U, ST P 00 A
JETOR BN T AR SE o 181 25 O AN 5 IR Ak A
IR Ak S e T, 5 R AR I NG R 00 £ A
b g R B SR AR BCR, d O AT A R R A T B
LNG fif i % A= A58 I

ol T e B
20 —o— iKY z -y [ RA
—— T EZ —A— iz \.\

E 15 f 4l
LA } 5 }
: T L

5 5 f’f '/l’

0 / / -_] /

14 16 18 20 22 1416 18 20222426
I B iRk R 5
[ 24 3L o R iR R K
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Pile-soil-LNG storage tank shaking table test and numerical

simulation analysis

LUO Dong-yu'?, SUN Jian-gang®, LIU Chun-guang"*, CUI Li-fu’, WANG Zhen’
(1.Institute of Earthquake Engineering, Dalian University of Technology, Dalian 116024, China;

2.School of Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China;

3.College of Civil Engineering, Dalian Minzu University, Dalian 116605, China)

Abstract: At present, there is no experimental support for the seismic response research of pile-soil-LNG storage tanks. In this pa-

per, shaking table test and numerical simulation method are used to carry out in-depth analysis of the pile-soil-LNG storage tanks.

The results of the two methods are similar, and the mutual verification can be realized. The results show that the propagation of

seismic waves along soil and pile foundation has amplification effect, and the soil will change the acceleration peak value and spec-

trum characteristics of ground motion. Under the earthquake action selected in this paper, the site amplification effect of soft soil

layer is more obvious. The acceleration response of pile foundation in different positions is different in all directions. The accelera-

tion of pile foundation in the middle position is greater than that of on both sides, and the axial force direction of pile foundation on

both sides is opposite. The seismic response of pile-soil storage tank and rigid foundation storage tank is quite different in waveform

and peak value. Based on the above research results, it is suggested that the influence of pile soil on LNG storage tanks should be

considered when studying the seismic response of LNG storage tanks, and reasonable ground motion should be selected for analy-

sis according to the foundation type.

Key words: seismic response; pile-soil-tank; shaking table test; numerical simulation; bedrock seismic wave
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