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Soft clay vertical displacement of foundation under sealevel
rise condition by numerical simulation

YANG Yu, YUAN Jie, WANG Shuda
(Institute of Civil Engineering, Liaoning Technical University, Fuxin,Liaoning 123000, China)

Abstract. When seawater level is rising, the sea seepage will have significant impact on the stability of
foundation. In order to forecast the effect of vertical displacement on foundation stability, numerical simulation
is adopted to analyze the vertical displacement of a foundation case induced by seepage. The results show that;.
(D the foundation is stable under initial water level, and the vertical displacement fluctuates within a small
range, but when the water level rises,the vertical displacement significantly increased in the early stage, and
then the rate of increase tends to zero; Qwhen water level rises, the pore water pressure is descending step by
step along the seepage direction, the peaks of different water levels appear at the surface slope of the
foundation, stress concentration is outstanding, and the initial change of soil stress is significant and tends to
be stable finally; @in the process of settlement deformation, the foundation basically goes through three stages
that is balance-development-limitation.
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Table 1 Physical and mechanical parameters of soil

FoKFs HIE/ R A/ TR A/ 538 R R

L2 4 H , ALBi

% (kN.m™") (°) kPa  (m-s™")
#+  30.5 17.7  0.965 20 4.69 7.83x1077
WIER  53.9 16.2  1.617 25 1.257 9.34 %1077
WHEE+  50.3 17.1  1.435 30 2.84 3.17x10°"

1.2 ZHNE

DA SEL IR X 3 56 B 7 SR BRUAY N JRLRE i T
RAEHAE @ x H( 42 x &) 4 50 mm x 100 mm, izt
B 3 B A 3 KRR 2 23K 5 4, 6t 15
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Table 2 Physical and mechanical parameters of

the strengthened soil

T TORE, HE/ YR Ff / TR AR 808 R

2% % (kN‘mJ)E‘LBﬁH: ) \Pa (mes1)
A 25.9 19.1 0.783 25 6.13 3.26x1077

WMRIEY  39.4 18.5  1.482 30 3.12 6.37x1077

WHEE+ 404 18.7  1.284 35 3.92 1.39x10°"
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Fig.2 Flowchart of seepage simulation
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Fig.3 Contour of pore pressure of soil

(2) B ARTLRE

TE B I, Bl 7K 7 b T 6 s ] 432 F% A2 AL ] 4
s o I 4 Hml LA R0 R K A2 I M (R 35 A5 2
AR, H5e 8 o) (37 8 4 L7 ot B i K i o T4k , 938
L5 1] S B s 05 K L b R R R ) 7 A 8 i
WMREEB TR

B i) 7 #/mm

IO
=1,
—2

(a) FIHHIKAL

(b) KA EFF0.3 m
B i) 2 # /mm

0

-1
-4
-3

(c) K47 EF1.8 m

4 THEEREBRE

Fig.4 Contour of vertical displacement of soil

3 WEEEMABSN

3.1 kRN

AR AR Ak % B i b 3 1 B R A, Ak
N BEK A b TR AR A G B S BT AR . B 5 (a)
IR T R B R B K A T AR LR . eI A
FF0.3 m 2 0.9 m I B B R AR X8 R )5 e
B, Y N ) B 50 4R KA A E AR AR R R KA
F+0.9m % 1.8 m i B h, BARBY I Sy 4k ok (A
RN E BT R

& 5(b) SR T Hb 3 fe KoKW I Bl K A7 T T+
ASAL R o 7E Hh A Bl B T, 25 BB S0 B D 4R R
G . M TR KA, KA ETF0.3 m B, e KK
7 338 e R W s #EK A7 EFH0.3 m E 1.8 m [t
T rp S5 ROKOF Iy S AR S 2R k34
3.2 HIRVIFE

iy VT A 2o — S LB, S R A B 5 e 2 &
AR BRI, N 25 2 BRI T AR R S, Hb T



55 6 1

] Hb TR E 5 TR R -139.-

57 L L 1 1 1 1 ]
0 0.3 0.6 0.9 1.2 1.5 1.8
KA 5 BE/m
(a)
74
< ./-
g 72 _—
R
2l
Sl
< —
i3 /
68 —/
i I ] I I I ]
0 0.3 0.6 0.9 1.2 1.5 1.8
KAL B /m

(b)
R 7 T S

Fig.5 Stress curve of soil

Woe 5 7R AS7 o B2 8 U0 AH O, 7 Bk o A b, 2K A W T
i, 1B ) B WINOR , M 3% 0K AR X 8 35, 00 ) it £ R
FRR, T2 S B4 i 2 R A /N 2 TP 2

K6 s 1 ki I K AL A W B B R e A
1.8 m i e PR b R 1) v B8 AR AL L o 90 4 K 37 1
PRI DLRE B8 TR E s th 0 46 K 2 B TH2 0.6 m i 72
e, B ) 2 B AR TEK AL 0.6 m EFFE 1.8 m
B e v et ] 57 A% 5 B4 s

BB AL /mm

1
0 0.3 0.6 0.9 1.2 1.5 1.8
KA /m
—=—5m —a—15m ——25m —— 35m
—— 10m —v—20m —<«—30m —e— 40m

Eo6 tHmEXBmEAH

Fig.6 Maximum vertical displacement of soil

AR SO T B KRG G 0 B M A Ak B TR P B K
7 T S I T A i 114 2 A it £ I 5 R AULE X EE L A
P 7 rba] L H SR ASE 0L A el i T e ot 2 5 S0 v
M LT R AR O B UCRE A 22 0L

18

—— BB AU R
—o— STmAVIEE

%)

BRUU#EA/mm

S

0 0.3 0.6 0.9 1.2 1.5 1.8
JKALF E/m

B7 BERS ST X iR
Fig.7 Displacement of numerical simulation and the

measured displacement

3.3 LIRS R

M 28 0 [, b A bl 45 25 (OCR > 1) %
725 Shy $E 2 0 B I 22 5 R T 95 O e 3 o E T 45
BON R [ 45 DU R BEAT AR L B WA T, Bk
ZE BB r K R T S, BORE A L B A R R AR
Ak 5 Bt 25 181 465 T 3 36, 8 L BR K TR 7798 K 4 AL
BOKIIE S 2 LA — ERER BB AR T
— i {H, B 4 RO AR

¢, =k te (4)
‘waa
A C,—— WL RE(em®/s) 5
——B 15 R
v, — KT S, — BT RME %% T 10.0 kN/m’;
e—— FIRFLBRIL 5
a—JE4F B8

ARV KA A5 I AR 45 R E 8 s . M
Kl 8 Al LUA Hh  FERI iR K AL B FH 2 0.3 m b # b [#]
45 Z 800 3G 0, 98 1R G M 3 5 e B K FE KA I
FH0.3m =% 1.8 m ke, B4 RHBT .

S5 A SR, AR X b B 8 ) 457 A% AR JE Y R A
PSS TSR iB B SR [ N VA K L o - % N A2 229 ]
SRR AR WG K AL, 3t R A T IR A B
FEORIFAE — 28 AT AN AR T80/ IN I 3 5 I 30 B 1] 7 1
i, g K KA A L T, FLBR K R 38 K, R Y R g
N Bt B[] B % 1T 4 2238 i, DTS R 220 T 7R, +
[NEERER 87 S I NEER R (F = P VA =K (= L A 5
IR B BRAR S b B b 5 8 1] 57 % Ay Ml G A O R g A7



- 140 M 30,4 KA B TE AR PR A R 1 1 A5 B BB UL 0 A

2018 4F

14 -
/./.
. /l
W13t —"
i /
o
S B
& 12f
&
i
i
1.1
1 1 1 1 1 1 ]
0 03 0.6 0.9 12 15 1.8
AKAL L F BE/m

B8 B#HREH

Fig.8 Coefficient of consolidation

B o PRI, Al A Oy Hi R 7 0 R A8 Al o e rh 2 2 1 R
i — R e —MeBR ™ =B Bt

4 Hig

(1) o= A 2 Ao [ J7 2, 10 D9 o) B, AR 9 B4R
LRI BT o AR SCEF A B DXl 14 552 R 7K Sl 5T
B0, XoF g B0 S A o ] 4 R HEOK [ 4 DR
M HEAT O, e T A 45 HE 2 I vk X A
T, 3 %532 07 12 iV LB A T 05 sk 3R AT T RS

(2) AR AL b T i e v, 38 o B (e R 0075 H AL B
IR T3 8 75 1o S B ol 2 9, A [ K A7 WA L 4% 1
B i e 7K 1T S T ALk, b A 1S T 00 S AR A 2 3 i 3
BT .

(3) i3t FLAC™ B AL, 75 th A [7] i i) B 4
UURE R, JF 5 52 PR I I 45 2R Xk LE, 15 B S S Pr i
IME A — 2, FELE VPR TR B, nl RUA K B0
UL E 5 5 S R fy ) 00 ) g 1] 525

(4) Mo B A DURE AR i b & & ) P i — R
JE—H PR =B Bro HLAS U 5 Ab B 7 56 19 1 UK
Xk 5 A2 1 K K AL b THE 52 me /4 23 A Ak T R
Foa MR

SH WK

(U] P A%, Wiy, Hb T /KB R 0 % i K R itk e 5 3l 1)
[T]. MR 224 ,2007,37(2) 221 -230.
TAO Yuezan, YAO Mei. Development process and
tendency of the hydrodynamics of groundwater[ J].
[J]. Journal of Jilin University, 2014,37 (2) . 221
-230.

[2]  arss, skARTE, BHh%, % FLACY BR324 ks
TR ). BRI R K2 2241 ,2006,21(3) 21 - 5.

[6]

[7]

[9]

MANG Liqgiang,ZHANG Dongsheng, MIAO Xiexing, et
al. Numerical simulation of seepage regularities with
FLAC®™ in the overlying strata in mining rockmass
[J]. Journal of Hunan University of Science &
Technology,2006,21(3) .1 - 5.

B X IR TR AR L BT FLAC™ (940 10 55 T 4
TSI B E A [T]. EAR TS #),2015,
48(3):96 - 102.

GAO Wenhua, LIU Zheng,ZHANG Zhimin. Numerical
simulation study on compression creep experiment of
silistone based on FLAC [ J]. China Civil
Engineering Journal ,2015,48(3) :96 - 102.

LAV A/l R IR AU AR T I M R
ARG R AT S L) ] BB R AR A 4R, 2013,
33(12):3376 - 3385.

WANG Haitao, YANG Xiaoru, ZHENG Tianling.
Impact of simulated tide and vegetation on the wetland
greenhouse gases fluxes [ J ]. Acta Scientiae
Circumstantiae 2013, 33(12) ;3376 - 3385.

DNTE R 20 )2 K TR AR BT 098 AR E TR AR T
[J]. 5 J1 % 5 T8 % 4, 2009, 28 (10) : 2018
-2023.

CONG Aisen. Discussion on several issues of seepage
stabili-ty of deep foundation pit in multilayered
formation[ J]. Chinese Journal of Rock Mechanics and
Engineering,2009,28(10) :2018 - 2023.

EER, WA, MR8, 5. BT Klinkenberg &4 1
R Y M AT 307 95 U ML A R B 0B R B O ik
[J]. BE#¢ 24 ,2014,39(10) :2029 - 2036.

WANG Dengke, WEI Jianping, FU Qichao, et al.
Coalbed gas seepage law and permeability calculation
method based on Klinkenberg effect [ J ]. Journal of
China Coal Society,2014,39(10) :2029 -2036.
XA, EEXNT. AL TRBRSERBELT].
A+ f142,2002,23(2) 1152 - 161.

LIU Jie, WANG Yuan, LIU Ning. Parameter inverse
program in geotechnical engineering seepage[ J]. Rock
and Soil Mechanics,2002,23(2) :152 - 161.

X 05 R AT, 22 T 4 AR A il S P [ 4
JURERT5¢ [T]. 3 PO 3 R % 5%, 2005,27 (2) : 51
-55.

LIU Zhanfang, YANG Quanhu, JIANG Naibin. On
elasto-plastic consolidation settlement of saturated soft
clay [ J]. Journal of Chongqing Jianzhu University,
2005,27(2) :51 -55.

BRI, AL, T LK AR SRR E B A
B R RCE BT ], b B b B RS PR AE IR,
2006, 17(1) :14 - 17.

ZHAO Yu, LI Xiaohong,LU Yiyu,et al. A 3D seepage



556 4 Hh ) 5 K 5 B R S 4R - 141-

model of rock mass and its FEM simulation[ J ]. The [13]  Phorsm, EEE, 2264, 5% B BES WRE AR
Chinese Journal of Geological Hazard and Control, R [ T]. A+ 125 ,2011,32(4) :984 - 990.
2006, 17(1) .14 - 17. SUN Ligiang, YAN Shuwang, LI Wei, et al. Study of
[10]  sk&AM, XVED, B 2248, 3K+ 5 MBS T 12 W 5 R A9 super-soft soil vacuum preloading model test[ J]. Rock
EMREEUCRELT]. B3 R % 4k,2013 41(8) and Soil Mechanics,2011,32(4) :984 -990.
1185 - 1190. [14]  REEZF,w R0, BN, 55, 25 AUE 200 Fb 1
ZHANG Dongmei, LIU Ying, HUANG Hongwei. R NI IS [ 1], 4 4 F72%,2005,26(5) :95
Leakage-induced settlement of groud and shield tunnel -98.
in sofe clay [ J]. Journal of Chongqing Tongji WU Guifen, GAO Yufeng, WEI Daixian, et al. Study on
University ,2013,41(8) :1185 - 1190. laboratory test of vacuum and surcharge preloading
[11] #W&#% REER. BHRAAEN T ERLR P80 [J]. Rock and Soil Mechanics,2005,26(5) :95 —98.
T A [T]. B Kk TRE % 4 ,2014,34(5) . [15] BB A B W& T G BE E 42 W e
543 - 550. P = 2 B AT R [ ) ). TR M 27 41, 2016
DONG Jianjun, WU Junhu. Study of supporting (24) :952 -957.
structural stability for riverbank deep foundation pit LUE Xilin,ZHOU Yuncai. Three-dimensional strength
under seepage[ J ]. Journal of Disaster Prevention and reduction numerical simulation of the face stability of
Mitigation Engineering,2014 ,34(5) 543 -550. shield tunnel under seepage condition[ J]. Journal of
[12]  #pRu, B SCHE, 2 A, 55 Wi 4 i 3E 2 8 it Engineering Geology,2016(24) :952 -957.
FERHL BT 8 AR B e SR 5 [T ] o = 4k, [16] BV, T #3C. AN IE B 45 R BOT 53 I i Z My
2016,41(7) :1598 - 1609. B[J]. Sk 225 2014 ,32(2) 142 — 45.
YANG Tianhong,SHI Wenhao, LI Shuncai, et al. State LUO Liangping, DING Jian wen. Comparisons of
of the art and trends of water-inrush mechanism of consolidation coefficients obtained from different
nonlinear flow in fractured rock mass[ J]. Journal of methods[ J ]. Journal of China Three Gorges,2014,32
China Coal Society,2016 41(7) ;1598 — 1609. (2) .42 —45.

£ [E 3 2 15 i T 18 4 7 AR 26

P A 5 B A TR AT L B2 T 0 A 4 b R R T T 28 Es 10 A 27 ~ 28 H fE AR EE Tk 2
2T p SRR I YRS .

W 7 M B K E B IR TAEH , BEAR 2R R DAL R ol i AR 790 7 0 i Ay RSP R S R T
ARBET7, R 1, R ST M 1l 5 ¢ S B A TAE o B0 5 M 9 35 A TR, A 2 BRI B R R ) R M TR
KENH akiﬂ@ﬁ#lﬂ\i’ﬂ,@\ﬁi* 70 1B 5 ) A B 1 TS T TR S ORI I, B g e X R R A U M AR T
U A B () B e A S B ] AN G T %, R R A el W D A A I R R o B i ] B AN O BRI AR L
2 A S AN Pk [ AN ek ) H R I E B IR B R R O ik

WARTF AR, [ SR GE IR 0L 20 B 2 A 1A O B T N 40 ) gk b 5 ¢ I T b R ORI b B R SRR
857 T R PUIR AR T — ik ‘u\Tﬁf@ﬂA'?ihﬁ}ﬁfﬁﬁT%T%ﬁscmo R 9% U5 b 5 U S B IR 4R 4R
S TR U E B IR S b T PR BT AR R AL SE G A L K 4 el b R ¢ W I A R L ) A O
257 M e W TR QN B R S5 8 R AR T R A A O R 55 R b T U W T R g ik LR KT
SR 1Ly A B A R R T i R T R I | s — K — i — R Ak A B A I B YA R R
FH T 1 5 TR 1K A4 M9 W AR T & 5 R I ﬁﬂir’ﬁéﬂﬂk”k(ﬂﬂ/vbku’iﬁnBﬁ{é\ﬁﬁiﬂﬁlﬂﬁkiﬂﬁw
TR R SN E IR T LT,

ARSI 1 AR B TR 2 b 5 K i v S b A R [ R E SR )1 A i TR R SR
A 7R, e R AR 8 I B ( ﬁﬁ’ﬁi/}?iﬁﬂﬂﬁ%kiﬁﬁ{ FeARSE ST b E MR A /IR T A5 rih 4,
ok A 4 TR B IR TRATR 370 RANRESINEIE S MB R T E ALK %,





