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Influences of different inclination modes on seismic response of inclined
liquefiable site
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Abstract: In the study of the failure and large deformation of inclined site caused by lateral flow expansion of soil after seismic

liquefaction, different inclined modes will have a certain impact on the test results, but the research results on the impact
evaluation of seismic response of inclined liquefiable site are still relatively rare at present. In this study, a numerical model for
horizontal liquefiable field is established based on the OpenSees finite element platform according to the completed shaking
table tests, and the influences of the model box on the dynamic response of soil are considered in this numerical model, and the
validity of numerical model is verified by comparing with the shaking table test results. Then the finite element numerical

model for inclined liquefiable site is established based on the horizontal numerical model, and three different numerical models

for inclined shear box model, inclined soil in shear box model and inclined soil in rigid box model are established to simulate

different inclination modes in the shaking table tests. Through comparison, the dynamic responses of soil calculated by three

Key words: inclined mode; inclined liquefiable soil; laminar shear box model; rigid box model
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numerical models under the action of 0.3g Wenchuan earthquake Wolong wave are examined, and the influences of three
=]

different inclination modes on the results are analyzed, and some valuable conclusions about the researches on the numerical
simulation and shaking table tests of seismic dynamic response of inclined liquefiable sites are shown.
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Table 1 Parameters of saturated sand model
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S B E G/kPa 70000 60000
S KR & B/kPa 190000 160000
FERESH ¢ 33.5 31
UGB BT N pmax 0.1 0.1
ZZH JE p/kPa 101 101
RS &EH n 0.5 0.5
BYAK A1 ot 25.5 31
BB 4 ¢ 0.045 0.087
BIAE S8 o 0.15 0.21
BIAK S5 d) 0.06 0
BIAK 240 ds 0.15 0
JiE AR T %X 20 20
WIHFLIRLL e 0.7 0.85
FRIfE RS EH #/kPa 101 101
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Table 2 Parameters of overlaid clay model

ZH L2
FE T pl(kg m ) 1300
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Fig. 3 Working principle diagram of laminar shear box model
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(1) BEARMURMS A A4 AL He B e 5
7 JuR M RSB BURVE A T AR 2 0~
60 s I [A) B P 7KF- 75 1] 0 AR AN [RIAR FEE A% L s L
IRERIZE . M 7 hal DU B VR R A A AL B
BT RBP4 )P 23R P B e P - A AL BB
FPREE 0.4 m ) HARFLE EE B “ X TEnE” L)



732 A5 £+ T

2024 4E

a

B2 R

BRAMTE &S, M2, HARRE ALK ALK
b S BB B AE KRE

121
1.0
0.8+
2
E 0.61 — = HKBEE0.4 m
— = HRTEE0T m
0.4 - AEELOm R
- T AREFE13m
0.2f — = L REEL6 m
e LTI m |HPR
0 1I0 2I() 3I() 4I() 5I0 6IO

W /s
7 BEGFHRBIARIREL L RFLELE R R2rhZ
Fig. 7 Time histories of pore pressure ratio of soil at different
depths in integral inclined model
(2) BARBURME AL A RN e o2 72
K 8 Dk H = BYAR B AR BURM A 11 5545 B AR
JEAL AR ARSI AR 4. MBI 8 ATLAE H, 7
HRAEHTS, BREE 1.9 m Ab AR i i) 57 7% B /)
B 0.1 m AR AR e K, KBTS 22

CMmo

[— ¥RpEO.1

——%E0.4 m LR
0.20 _—ﬁﬁo7 m
N BHE L0 m AR
W=
" — 1.
Bois| Bl sne,
=
§0.10
_H
0.05f
0 10 20 30 40 50 60

I} 1] /s

8 EKAMFHREIARIREL LR MIE (L FE R F2rhsk
Fig. 8 Time histories of lateral displacement of soil at different
depths in integral inclined model
(3) BEARMARMS Y AR BT N e 2
Bl 9 DR 2 B9 AR R A RSS2 B 1
T, REZ 1.9 m AL EAARESLIE . A RN ) DAL T N
IR REAR A2, e 2808 R i s AR %2
Jo MWEL9 haTLUE Y, BEEMRSIMEN, W 1.9
m bR AL BRI B K S, KT
M RN 5 () HERJE (e 8/, 35K
JR BRI AT g fe AR BT AR R s AR R BT ) BRI 2L
N2 —E RIS AN, R 9 s BUE KT
T3 TR AR BT TR A RO ) R FE A &, IFAE 21 s
I L AR A RN TR B /M 4.5 kPa, 21~60 s 1] B

P AR (AT RS g S A ORRE AN AL o [R] I B RT DA
A N T B [] 1) A2 AL 5 S N L 1) R P S5 AR
T, MR RUHIBTH, PR 1.9 m Ak A SEACR K
PEBIUIIR .

6r

d’: 3k —ﬁfElB mlll:ﬁ‘f\_'\lj]
4 10.820 ab
'R e posmdad A pe e
So ¥
B3t
_6 * * !
0 10 20 30 40 50 60
] /s
-] 0 I
S -ar
5 f —— WL mih H UK AR S
ﬁ-u- ——— WEF1.9 mib AR T BN
-16 1 1 1 1 1 J
0 10 20 30 40 50 60
O Bj[a]/s
1_% 6 —— W19 mAbBTLIE
& 3f
=]
0 10 20 30 40 50 60
/s

9 ERFFMRELRE 1.9 m &AM SRt FERhEk
Fig. 9 Time histories of shear stress of soil at depth of 1.9 m in
integral inclined model

= St T RHREY

N 5T RGREARBUR AR R B) 77 B T R4
BEAT XS EE, FEZKT B I BUE R LA - O A
FARF, Rt R R ARy 2° (KR
Fi i AR, SR BRI R, KR
LR EABR 2° , LARRHRE K, B
I FAd 3D F7 2 A 5K B B AU ), BN 10
Bt o

2.2

T mllllll s
o| T
£
g
S [CIeemm
| (g2
F Bunwz
1 W2

32m |
+

AT

10 B A RTITE&RE
Fig. 10 Finite element model for inclined soil at laminar shear box
site
(1) I BRI AL s BE e
K11 Zath TR AR BIAE b BRI AR T SRS
FIUFIAS 7R B2 AL AR AL LU AR IR i 22 0 AR 11 Hhm]
A, SRR BABRER S R, R 0.4



% 4 3]

HANEY, S5 ASEMBURL T SO BURRB G 37 it 722 i 17 R R M 20 W 733

m Kb AR LR LI B “ BRI RGN
HEOES . BREE 0.7 m b ARIFLE L2k 5 2 846
BARBURME AL A P L s 2O AR, (H 37 s )5
FLIE EE (s 3 E N T IR B A B AR BURMS R FT e
IR PR KT R AR 2 20 TR L 2 S AR = St
A HARIALRS , AT AR B i Ak - A FR) FL s LK
P AU AR . HARIREE A A LT P A e
5 J2 YRR AR UR AR R ) S AR A

1271
o= = = = i St s S
08 . 2.
2 o .
0.6 .
= 1 T AABREE0.4 m
X FARBEEE0.7 m
“ar A C mELOm [PBR
Y] — = REEL3m
0.2 i — = RO m W
i — = +AREE19m
; I L L L N S
0 10 20 30 40 50 60
B Al/s

11 St AR AN ElR AL A FLIE EE RS F2h 2%
Fig. 11 Time histories of pore pressure ratio of soil at different
depths with inclined soil in shear box

(2) Iyt - AGURIS R A 1) A2 %

K12 g th TR AR SR - R Y 5
TR R EE AL AR R A A I RE 2, AAIET 12
Al UG R 1.9 m b AR A % e, IR
0.1 mAb iy A4 1) 57 7% B K, B KRS 299 12 em,
BRIE 0.4 m A EAREIM ) A2FE 5EREE 0.1 m RIS R
FAME, WTREMIRBEACHRBEAAR TR LES
WA 2 S AR M AL . TR 0.1, 0.4,
0.7, 1.0, 1.3 mA&+ARRIMAAIAZ I 5 s FFaa 2B,
MARRE 1.6 m Al 1.9 m A AR a1 6752 A 20 s 4T
SRR, AT e R R R R B AR ) R AAAE 5~20 s I
A BN FLIE EERR RS, AR AETI VIR . ANF
TR JEE b = A R0 1) 57 % M 34 5 2 B AR AR AR
R OL T A S AN, (HE(E 2N TR
R R AR BUR R T 545 2R

(3) Iyl - ABURIS R AR BT HT N g v [

K13 4t 1R R BT AR I R A T AT
FIHNATE 1.9 m b8 FLE . ARSI, BIRIIIS
FEHIZL, 51 9 Xf tUwT LAFS Hh T2 3 AR 37 1 - R A 7
PRI 1.9 m Ak AR R HT4A BT R 77 (B 13 HK 0.375 kPa)
ANT B RTEREARURMSAL (1 9 H1Y 0.820 kPa) ]
SR FT, T RER R RS2 B A AR S A rh i 3l
b PR A = U BT [ 2 JIROK, TR E BT

Syt - AURI AR e i Sl i A E i ST 1

5 TN F T
0.151
IR 0.1 m —
YEHEO4 m L2
Rron [noR
§ 0.10 -—ﬁgl-hﬂ
_— 1.6 m
&  HEL9m TP
=
=
®
H 0.05
0 10 20 30 40 50 60

) /s
12 173t TR R EIR B AL LA M) 7% BT A2 ph 4k

Fig. 12 Time histories of lateral displacement of soil at different

depths with inclined soil in shear box

.
g 4l —— YREF1.9 mibBY R A
=< 710375 L
E oF et o e
-3+
_6 1 1 1 1 1 ]
0 10 20 30 40 50 60
I} /s
or
)
g
S sf —— BRPELO b HAE AT
§—12 | —— BB 1.9 mih R 10 A AN
-14 L L L L L |
0 10 20 30 40 50 60
i} el/s
o 9 [
Ay
2 6 —— PRI 1.9 mibHETLIE
= 3|
2]
0 10 20 30 40 50 60
I Al/s

13 17t HARFIFIREE 1.9 m &L RST IR SRS F2ih Lk
Fig. 13 Time histories of shear stress of soil at depth of 1.9 m with

inclined soil in shear box
2.3 WIMFES R E

FEIRBN SRR, Dy 7B e I = S
RIS Iwa g, 385 R R B AR AR, R Y
R T A RO AR, - AR e AR R B g i 5
KRR ARG, A LF O e R A RSBOR
FTMIE A HEAT R S AR B S AL AES . A SCAE R B
Fibp b LRI LA b, KRR T2 [ %
KA TTEE IR NIV, AR 5 A R4S
RPN ELT 1A B AT 0E, B AL
FARAF AR I BRORAF AL, AL 1 NITER I3t
RS CHIPE AR RS KT LR IR 2° ), DL
SRAGIUL R FH IR A EAT 7= S B4R 50 65 A ALk 6 ) 156



734 "+ T OB % M

2024 4E

B, BTSRRI 14 Fios.

P 4

E ¥

o

=2

g

gl
| LT
& CE+E
B (RPN
_ji T B

L 32m

e
7 7

14 Rt AR T IH EARE

Fig. 14 Finite element calculation model of inclined soil in rigid

box

(1) AR A A AL B e

Bl 15 Dy F M AR 7 1t AT RS AL T SR 45 380 )
ANTRIGR BE AL AR L LT RE 28 B 15 HmT DU
H, W 0.4, 0.7, 1.0 m Ak fAh LI b S BLF B
WKk RE 1.3, 1.6, 1.9 m A AAFLELL 23
g BRI B . M, RIE
TSy 1y A AGURPASE I A 1) LS B G 22 B B A A AR A
RUHZ BT AR I 1 L RS AL

1.0¢
0.8}
0.6} , i
2 - " ..
i :
ﬁ W‘.Mm5mwﬂw<
0.4F — = +RRE0A m
— = R0 T m
-~ LAEEELOmM bR
0.2f - = LRFEHEL3 m
== 2ARREEL.6 m =3
" — = AR ELO m e
0 10 20 30 40 50 60
i Al/s

15 R FERBI A RIRE L L FLEEL B T2 L

Fig. 15 Time histories of pore pressure ratio of soil at different
depths in rigid box

(20 WA - AN e 37

Bl 16 Jyi F M AR 1 1t AT RS AL - S5 45 380 1)
ANTRIER B AL A 0 1) (57 IR R 1 2 AL 16 HHmT B
B IR 0.4 m A HARRIMI AR K, SORMEN 1.5
em. R 0.7, 1.0, 1.3 m b ARBEHE VR L4k
i A R BTN o IREE 1.6, 1.9 m (1 AR Al 17 72
EARN, I H A A0 1) A 7% A e 34 55 in ok B2 F)
FAIEL . 0.1 m AL AR AR AR AN, W]
RE A0 TR A1 M PR PR A 286 1 22 55 MR b = 22 i Ak

TARRME AR, HE R BT R R bR
ENAERTT AR LA EL N o

0.020¢
—®E01m |FHLE
— %HE0.4 m
—BE0.7

0015F — FELOm |DR

— %E16m
 WElom TP

LB B5
S
[~

o
5

L

0 10 2 30 20 50 60
) /s
16 R FER BT EIR BEAL LA MR LA B iZrh 2
Fig. 16 Time histories of lateral displacement of soil at different

depths in rigid box
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