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Large deformation analysis of ALE method for seismic liquefaction
of caisson wharf

LIU Shun, TANG Xiaowei, ZHAO Xiang

(State Key Laboratory of Coastal and Offshore Engineering ( Dalian University of Technology ) , Dalian 116023, Liaoning, China)

Abstract; Based on the soil-water two-phase mixing theory and the operator separation technology, a decoupled
Arbitrary Lagrangian Eulerian method ( ALE method) was developed, aiming to overcome the analysis interruption
caused by mesh distortion in large deformation analysis of traditional updated Lagrangian (UL ) method. The ALE
method was applied to the seismic liquefaction analysis of caisson wharf on loose sand foundation. Results show that
the ALE method could complete the seismic response analysis of caisson wharf under strong earthquake when the UL
method failed, and provide numerical solutions with higher accuracy while maintaining the mesh quality. In
addition, the ALE method was applied to the assessment of liquefaction mitigation measures of caisson wharf,
providing a method for the optimal design of caisson wharf on loose sand foundation. Results show that the
displacement response of caisson structure and the uplift of the front of the caisson toe could be significantly reduced
by soil densification in replacement region. Soil densification in backfill region could reduce the displacement
response of caisson structure under the condition of soil non-densification in replacement region, but it had little
effect on the displacement of caisson structure under soil densification in replacement region. Both the replacement
region and the backfill region had critical densification ranges, and there was no obvious change in the displacement
response of the caisson structure while exceeding the critical densification ranges. The combination of gravel piles
with densification in replacement region and backfill region could further decrease the displacement response of the
caisson structure and increase the anti-liquefaction potential of the caisson structure.
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Fig.1 Diagram of caisson wharf

FAREETA FRIT TS ¥R B TURE A% Sk M= e LAY
Xof TR AR TAR 45 K 0ok R B i AT B 248 AR A
(EX TAAAEBORASTE B DL, 16 G A BROT 7 ¥ T BE
P T R g A £ B0 A e DB G 32 i 2 25 1] R i A
REIE A S &S M iy 3 Fy o A o % T8 7 sXD0AS
T3k, 70 B4 DR R IX R SR INI I L T
JE B IR AR ALY R RS S5 AR AT | S 23 A e
Wro JET I, TFR T —F A & A IR B H B
Jrik (ALE J73E) fi oo 52 VR T DUAR A5 Sk KA TP
- GBI e A L AT e S S
H T UURT Sk BRI KA 1

1 =477 & & ALE 7 & # A
1.1 {afnehi=wHH=E
TR ETAR A B B2 u FIfL
Bk JE A1 p VE R 78 Uzuoka ! #57. T up UK
TFnRb 137 7 # 2
pi’ =Vo +pb

S PP I
pltr(s)—Vzpd—%(;tr@)—ﬁpd =0 (1)

Kfp B AR GRS B u S BAR IR K s o
MIRA R Cauchy J§ 1130 K J15p" h WM 5 5 5
() K & W, Hh & = Visp, BELE;y' Wil
ML ;b NBEREGn NILBR K M AR
sk R E

K FH RS SR G 3 (1) 4745 () B ik, o
FBFLBRK TR 1 — B B TR A BR 22 43447 25 [l
BEct, 195 FEM-FDM #8409 —ARIR & 7R 25 [l 5y
BT, B
[M]{"~U} +[C1{"""U} +[K]{AU} +
(K" ¥pe} = {F}

p KU =K )T+ [a] ) -

(AT ¥pe] =0 (2)
A [ M g TR s [ K W [ K ] oA
BHERE s AU g FEARGI RS G U R U 433114275 [
SR RINGERE 5 [ C ] Ry 7% H L 1A 5 s 280 T 18 o
Rayleigh BELJ@ I, *# ¢ ik Sy J3% 1 4 4 [ M ] R B
FE[ KPS B[ Cl =a[M] +B[ K], HH «
1 B 4 Rayleigh BHJE R %, 2% Tsai 47 L4 FH
Je Z 5 ik . SR Newmark-g Jrikxf = (2) i
AT IS B A, T SR A5 R o R 1 R AR AL B K
1.2 ALE 753&E&N

Donea 2511 25 £ 5 A% W1 H 7 122 AR 3L 5 15 14
e, R T — R AT B RkS 1 H KGR J7 12 ( Arbitrary
Lagrangian Eulerian Method ) F DL i 2k i 4 7 27 0]
W ISR %07 R 2 W58 35 5 AT 1R 7 2 i AR 2%
P I A5

ALE 53 e 25 18] 15 T 490 B sl A )
IR GRS Z L), 405t — R B X" R
A% 25, X* LR, P HH 0 T3 A 1 A T 4
B, A=l (X0,0) Fla="@f (X5, 0) Fo7 i B2 7]
— 23 [V B IR, X RS A XS AEAT R o %
(32 201, 24 TV EB T 1] 5 , 90 O D RO )
JE T FoR R 0" ' oF PR ANk 7
0" ="0%) 'l e =0, M ARIE 4 5 450
RO PO A S 7 ) — 25 1) DX A, 0 R B P A 2
JE B E 2R, 23 L PO A JaR L 0 R T i
R WE 2 FiR,

\zwl_ m( ’lj m’ t)

M om
Xr

X=¥X",1)
ﬁl:'j lP=:¢ig-1.:¢im
2 YR AR, = EE 2 B AR ST K R

Mapping relationship among material domain, grid

Fig. 2

domain, and spatial domain

ALE Jyykr, 305 B 2K it g 7 F e iR TR



5 8 )

XM, 45« BUARRS Sk A WA AT RS WY H R 7 i AR TE 43 - 119 -

S5, AT 2 ¢, 20 (1) B9 2% 78 DAy 24 i I 220
AR IONT IO ) AL, T 722 6 F) SER  T ARE A W) B
PO S 12 5 S 1) 25 ik S 5 3R ATl o
TR

Jr=prae A (3)

e = (v = vE) Sl I R S 10 X
JE R g7 X I £ 490 R ] S 50 P
ISR, K B AR (1) PR R I AT
23 ) B 1, 7T LAAS B 58 2484 ALE I 20 10 - 45 )y
B HIEATE R
[M]{""U"} +[C +C 0" - [CT YT} +
[K+K']{AU"| - [K']{AU*} = {F| (4)
A C'\C K #5244 ALE Jr ik rh 5 )
TITUR G (9 4 I, B 3 0 SCk [ 11, 47 1A% m
FRWI T, 5 R A, AR H I & XS
A (2) M, R (4) KB IEBFILE , 0% B 2%
A(2) 51 ABLRTI

20 (4) VAR 5 AR ) R 4 e, TG
AR RS, P, T A ) TR R
R 502 3106 R AN ST R, Tl Bk R

u* =a + Bu" (5)

2o o Al B Hy W) A R G 2 A X 52 B %
BRI, A A 1 ALE J7 vk oh, T MR 3 5 48 o
() 0 325 3 7 0 R 30 L B 1 4% R 0 7 G L1
K, M a=0,B =11, ALE J7 B 46y 55 i
W H 72 a =0, B =08, ALE J5 5381k J Bk
R

FRAI ALE J7 125 2 56 95 5 40 0 5 R IR A 2
(Y932 Bh3 2 , T BUAEHG 2 1038 3 56 2 AR AR AR AT 2
LT o N D O B Sy )| /e W= Y el | 2 N1 )
AR, HEL T 2090 490 5 0 D A 1523 30 06 2 T i R
il ALE 735 it e F A5 1) B Bl . PR O 7E S B
o R B0 ALE Jr kS R, T TR T
SYBSHE AN — A SE R ALE ST A0 1) —
A2 W TS s R R X 52 3 1 R 890 43 A 45, B
FEGE RS B B 7 1:52) BREE— AN 57 ey
SRS O 22 A2 s RO KRR AT 2 ZE R 199 I
Sy WA, VRS A R 525 T 5 7R RICRE 537 A6 FH
DA A sl T 0 R 677 981 4, D 1 7
LB B 172 e 0 IR A2 33 ) 9 I 11 T
B, VRN SIS S0k 13 ], A SO T IR
A ERIE FIREAT S5 Rk ) R, R R4 B
FOAR e A RIMS B H 50T 25 5 88—~ Rk 43
B2k Y TR R ALE 430725, R R T —Fb

S ALE A BT 30 O T RV
it 3K 119 301 1 0P o 0 TR i 43T o

2 HKfEHEA

2.1 EEEN

w3 prs, DU AN TIR B E T2 I,
TUAR RS RS + 1 40 IS 28 DL s SR 3 g
BE J5 (D £ DA RS S 1B 8 T AR, AR R 5E 4
[, PR3 R R A2 8%, TR A ml 3 fHEZK 4
SR ZR) , I H AN P 3 M AN HE K 1 5. 1
AN, FERR IR 5 B v = L R (> 100) [ HRE, IF
AR5 W 1 B BATT b JR)— K S v BE AL Y A K B
AR i Y A e T R B x
P AL AL 11 B 4514 T LAY Bk 321 B30 0 19 52 ), FERD
3 AR H T B R IRCR .

| 56.5 m 10m 64.5 m
20,07 N7 |

55 m

kiR

EDB

| R

‘54m
B3 mAZaREFRITME

Fig.3 Caisson structure and its finite element mesh
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Fig. 16  Contour of excess pore water pressure ratio
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