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Research on relationship between lateral displacement and
settlement in soft ground under embankment

:1,2
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(1. Department of Civil Engineering Yancheng Institute of Technology, Yancheng 224003, China;

2. Geotechnical Institute Hohai University, Nanjing 210098, China)

Abstract: The state-of-the art of lateral displacement in soft ground under embankment is reviewed. The problem is investigated

using the relationship between the maximum lateral displacement and settlement of embankment center. The calculated model is

established with finite element method. The computed results show that during the loading period Ay, = AS and during the period of

consolidation Ay,,= 0.14AS. The loading consequences also affect the ratio. The calculated results is helpful to the research on the

lateral displacement.

Key words: embankment; lateral displacement; settlement; finite element method

1 5 &

WUe WU SR AR RS L) A e
[ AR FR AR X o B B D) A R 22, BAT
[ SN 5 N - R B 716 B
SR A BRI, NETROE R SRR,
AR S5 g 52 s S T L R 1 AR v
JroAAE YO CRUEBRIN IR 32 [ S5 DR A ok
S0t AL AR o M 1E) LB AN 2 52 M Tk
P NN U8 Jib P A RIS UR I bE ki 7/ s P
[ ARk K 25 i B S RE R H A, R
B YEN BEEALE I 9T 2 4R R AR DT R v SR T
s TR 1 A BT T o T SR A [ A3
EZNIRE 2 S AR NI €PN F 7
AR R SR I GE vt A, A5 T HRE AR
RS LJREH . LR RS X 4 N3

Wk H I 2005-03-26
FEETH: TLHA R RERH T RI(No. 1S200248) % W1 H o
& 2K 5,

Wi DR 2% AR A IR BT RT I PR B A0 i) R T PR e

HAT, SR SDTRE BRI, A3 T K
RIBETOSAR . A R, DOREAI AR
W T AR A AR TEALEE R, U
[ AL AZ AR AL IRAT — € (IR, AL, ASSCAAN
[ R S UTRE IR RN T- AT Mt g, i #EDT
B AT 5T 425 SR (R Atk DR Rt 00 1) A2 FE AR A T
fitt o

2 Eﬁi&?iﬁit&%%ﬁ&%'—??ﬁﬁ%%

oML BRI A R AR 2, i
24 (ARITRE NN LB e M EiTF G OD TN 2 VNN 3 8
22510 DI (/AN AN =77 91 S P 1 P 25
BN LA 1) AL A )R> R %, HETROBT SRR
THALIMT IR, WIC s v SN S AT i

1963 4FA4, MWU-LAFFUAE, EIEER, FENGEE T TR AR TRER LV ST TAE. E-mail: lifei@ycit.cn



810 b +

] Py 471 P 27 A P DA L 1 it 1 3R [l &5 T 7
R IIAR G AT, SRR E Z I E R,
I T A [ A AT AR U R
2.1 FEREIM R

1R 2 2 () B KA )57y AR S PO
SRR . B 4 SRR LIA BB bR s
FEGM AN (1) 04 BeZeoniit T, Zhi 1
RN AHEAKALTE , IG5 0 ) 7 B AE 1% T 58 s
(2) AB BN Z53) . BhME LA T 4IRS, fL
BRZK R TV ELG A0 38 m, B BeAS R A )
fi¥, HELBRIgGIS .
2.2 Tavenas ZEHIFFFT A

NEE K24 Tavenas 5P ML - (¥ [ 450K
AR, YOITEIEH [ 45 R AR B Ay = ASCIL
Bl 2); e g, SHb e L s T
HIE S5 H PP, Aym= (0.18 £0.09)AS, 117 24}
TR S KT PP, Aym= (0.91£0.2)AS, iy,
Su A HTFAHEK & T RARASHE, WL 2. Tavenas
K%} Bourges 25 HE 1L 1¥) Palavas-les-Flots i [X [ 8
O B TR A7 B RN R I I B s BT T b it ie,
WK 3 fis. ATLVEH: 75 04 BUE— IR SRR
it T IR A EAL TAHACIRE, &M
B Ay /AS h 1.0 247, K501 A7 RS A LB BE
SERN, AB BRI S5, Bk LB AL T HE K Y
B BN Aym /AS EIMER 0.15; BC BAAES
— UK SR SEAR I TR B L A b AT A
ARAS, B Aym/AS 1.0 245 CD Bl fil
g5, R AL T KB B, B B
Ayn/AS I FHA4E K 0.34,
2.3 KMt R

T o & SR o B A AR TR 6
AN S0 U T P00 ) A5 R LR BRI AR S AT, 3R
TSP AR R y -S 2R, Wi 4 FroR. MWK
ATLLE H, F74E A, B2 NEEPT o 43 AR T A
(I P R = . SRk 6 AN 3 A4S
B BE) Ay /AS FIECAB A0 0T - OA B kit TRy,
ELAE R 0.07~0.19; AB Bt A it 1T )5 1, LLfEoh 0.17~
0.58; BC Bt[tl4hiy, AR 0.10~0.30,

O— it L3Y]
@I &3]

B 1 AERKIRA

Fig.1 Traditional viewpoint

b 2006 4F
60 |
£ 40 S
E\:\
Eal
= 20 F &
= W et | PUHIIE S
0 T 1 1 1 1 1 1 1 J
0 20 40 60 80 100 120 140 160 180 200
S/em
B 2 Tavenas WL
Fig.2 Tavenas viswpoint
Ok xS
60 F @I 4, 268 d /Q:‘)b‘ D
@ ghnik Y
§ @RIL, 3354
\>E 40 (/v C
w SV
B 1B
= 20 b Sny
E 7
= A
L e e ®
OO 20 40 60 80 100 120 140 160 180 200
S/em
Kl 3 Tavenas FINLIEHE
Fig.3 Observed data of Tavenas
C
20 +
5 st
£
10
z st
0 1 1 1 1 1 ]
0 10 20 30 40 50 60
S/em

B4 DR R
Fig.4 Observed data by Ma Shi-dong

3 Har I

3.1 ¥

B TSR BR T BRI AR, ik ]
DU A T 2% 18 A IR A8 TR I e LT 4 A, 3
W EECA R . NATTAT LR S 24 1) L T A )
Skl A RICRRT,  AImAS BB e T H gl
Dk, R ST S B R PR 2 e BT
B R TR, EAREE T, Hye - AUE
AN, SRR FH SER - SRR st 2N
SERUTIE L (P R L 2, SRS R, &
WA R e T 0T, KA 34T .
S AMNSZ KT [0 U3 JEC AN KT 7] 52 T H AT
i S B2 N N AT B  EA e 7 T



s %

(CERE 27 7 e LB N E VA 2 2SRV R S 811

MR 6 49 i =BT, 23R —Zn g A1
A PR T OURT RS T s KA 16 (57 7 At I
58 R HEAT IR0 T

#£1 1TESH
Table 1 Parameters of soil layers
« « . ke=ky i
OCR A K ¢/kPa @ /( )/IOJm'd,l 7/kN-m?
i 2 0.03 0.012 20 30 2%10° 185
WEE 1 005 0013 5 20 4*10° 115
FEME 1.1 002 0005 14 15 2#1073 17.1
3.2 —Z&nt

Kl 5 25 TR SRR A IR OTE s L,
#For AWk 6 fron, HAEEERN 4 mo LRI
K 7~10 iR

B 5 HEFRTHSREE
Fig.5 Sketch of Meshes of Model

HUlwfE /m
9] w2 e
T T T

(=)

1 1 1 1 1
0 1000 2000 3000 4000 5000
IRffA] ¢/d

Bl 6 HE-LidRR ek
Fig.6 Curve of earth filling process

7 25t T R T M AN R BRI (1]
AL A FOBIRAL, B ] N RS BT T
s KU AR B EA S CROEJRZ 173 LED, H
RN, E RONETPALE . B T S
H, B E DR, TS T R TR
MBGERE A —E IR, 7R A Rk A T
—E IUTRE, B BN T PR R AR .
Bl 8 &yt T ANV B R0 1 (37 A - TR PR A2 A i 2 o
BT LRI A, B midbh, RIEHCT A S AN 7

MITEALE C 1, 5 B RUIEARLER R, {EHH
N7 IWEIRTRAE H, C O ) 67 4% B K T4
b, FERTZTEAR BRI —Fh S oA s 38
AR, FEEad R, 3 AN s Ar A% K=
WK, BEE ST, (A8 2 A B .

0.0
0.2 v
—.— ,'.Ii
g -04 ——Ex
o
5 0.6 AN
0.8
-1.0 ! . . : * .
0 1000 2000 3000 4000 5000 6000
R /d

B 7 B3R T R R A B TR [A] 2
Fig.7 Settlement-time curves for different positions of base
soil under embankment

0 1000 2000 3000 4000 5000 6000
KA /d

B8 B3 T Mk 7S [F)r B A [0 BT A ) i
Fig.8 Lateral deformation-time curves for different
positions of base soil under embankment

B9 R 10 43 3l4h T C sl B i (R ) £
RS rxtb iz, WK 9 aTLLE H, 7E
piE=qiopoN S AR TR v 27tk = e RPN S NN N
FH4E, X5 Tavenas FEMHFFUA 2 —3U, A
T2 2l o 1 T 28 i R e, 0 ) 57 A R 38Rk 1
BNTFBAP IR MK . gk G, W
I EEA OC RAFAE— AN RS L, Bl P R DG R OREL
BRI R. AEBUE L Ay /AS Z155T 0.04,
/T Tavenas SCHR AWM 5 5L, g /N1 SCiHk[4)45
R, el UG e ASCHvHE AR I
ST B B2 T b I b FR ) v A7 A% R R 1 b A G
&, HhpzER E B TS0 ER 8. C 5
PO 25 R 5 B ri BBl FURTERE i KT B £,
Aym=0.11AS. KA 75 52 B B0 1) A7 RO 0 v, 38
i LI B3 BRI (R s, PR, DL B R A AT A
RAE.



812 = L+ b =5 2006 4F
7 L
0.16 | 6
Ay =AS Y] .
Eont 85
S Ay=0.04AS [ £ ] PV
W 0.08 | F 3
= i)
= 0.04 "

' 1

0.00 L L 1 L L ] 0 ) \ \ '

0.0 -0.2 -0.4 -0.6 -0.8 -1.0 0 1 000 2000 3000 4000 5000

PESEI% S/m i 1) ¢/d

B9 B S ArE IR I DT H SCR 2%
Fig.9 Lateral displacement at point B vs. sattlement at
center of road curve

0.25

Ay=0.11AS[ &5 1A

0201 Ap=ASIESH]

0.10

M A2 y/m

0.05

0.00 ; 1 1 1 1 ]
0.0 -0.2 -0.4 -0.6 -0.8 -1.0

HIRTLIEE S/m
B 10 C s AL A B P TRRRI KRR 2k
Fig.10 Lateral displacement at point C vs. settlement at
center of road carve

3.3 Z& ot

H T A B AT AR SC S Tavenas (R0 45
B RNEGIAT T OB R AR, TR
IR AT R TG BRI 0 A ] 11 s s o 742 el
12 Jiom (—9E TN 4 my ZGUALEER
6m,

Bl 13 g5 TIgmaad #Eh B sl m 7 #%
Mg rh Ui C R, 5 BB E g 5k
L FEOMEIIE R, Aym/AS Z155 T 1. 105
— UINARGS A (P [ 45 1), P IR oG R
MELKRR, B AT 0.05; 75 —kE 4550
], PIFEAIRFFRIECR, Aym=0.14AS. IXFh45 R
5 Tavenas $& tH IR K — B B 14 45T C
(I ) A2 S R0 B TR R L OC R IR, 5 B Rl
iR, FUREUE Bk —2,

B 11 HEFRTH> SRR
Fig.11 Sketch of meshes of model

VI E Syl
Fig.12 Curve of earth filling process

025 k Ay =0.14AS [ 4514
£ 020 F Ay =AS Y
&
2 = AS GG
& 0.15 |k Av=AS — 5] j
by LAY = 0.05A8 [ 45311
= 0.10 [-f ¥
\E'i H
0.05 i
0.00 £ L . th . )
00 03 06 09 -12  -15

HHe ke S/m
B 13 B S MBI I U5 R 2%
Fig.3 Lateral displacement at point B vs. settlement at
center of road curve

035 |k Ay = 0.21AS [ 451

0.30 |- Ay =0.11AS [ 45
0.25 |-
0.20 |
0.15
0.10 |-§
0.05 1

0.00 £ 1 1 i 1 1
0.0 -0.3 -0.6 -0.9 -1.2 -1.5

BYLTHE S/m
B 14 C RSB A B R TTRE RIS R 2%

Fig.14 Lateral displacement at point C vs. settlement at
center of road curve

Ay = AS —ZRIH ' Ay = AS "I

W AZTE y/m

4 4

AL M T BT M A 0 ) (57 B 1), T
B L g AN fi (57 A A R ) ELBII S RN
THAT TR H5E, 00T ARSI s Ll &
Tavenas AN &S F MR A, =L TF
SRS P HUEEARIR AT BT, e T2
IAs RS AT PR A 300 o A ST B RN 5%
S G5 R, ARG R0 dw KN ) 2 5 6 P
BESRR IR G L O, KR4t
WA AR BT e, T SERs b AR — Rl R 2
RFEYEREL . Tavenas (¥ R{REREA b WL
LUREZ A SEbR R R, X T 5B B LB



B K R NN R A AR S IR R AT 813
IR, JUHE e g R, A s YAN Ke, ZHU Zhang-qi, WANG Lian-min. Analysis of

DRI L & R B B R AT IR VAR 45 R g
B S P R AR A i . OB E A B T
HZH R R P IR, AT LU
LSRR A 2 At ] LA 2L -0 A2 A 1
AR  ANEAS SO RARMEEREAT T M itie,
XS 7K AR A5 52 LR (0 i) 57 B R PR 5K
AAFHE L ST,

(1]

(2]

[3]

Z % X W
Malek M. Smadi. Lateral deformation and associated
settlement resulting from embankment loading of soft
clay and silt deposits[D]. Illinois: University of Illinois,
2001.
Tavenas F, Leroueil S. The behavior of embankments on
soft foundations[J]. Canadian Geotechnical Journal,
1980, 17: 236—259.
Tavenas F, Mieussens C, Bourges F. Lateral displacements
in clay foundations under embankments[J]. Canadian
Geotechnical Journal, 1979, 16: 532—550.
B, AL, R B IR R TE AR it A0 v 7 75 4
PEH[IN. &1 1%, 2003, 24(Supp. 2): 465—468.

(6]

[7]

lateral displacement in soft soil deposits under fill
construction of haicang highway[J]. Rock and Seil
Mechanics, 2003, S2: 465—468.

4. SLS HSRMAREERPIRE T 0], & 002,
2003, 24(3): 331 —334.

MA Shi-dong. Stability and settlement of embankment
filled with stabilized light soil[J]. Reck and Seil
Mechanics, 2003, 24(3): 331 —334.

HhIn 4. BRI TR R A B (7], AR OR
4R, 1995, 16(2): 165—167.

MA Shi-dong. Lateral displacement of soft clay
foundation under embankment[J]. Journal of Huaqiao
University, 16(2): 165—167.

T3, AR AL ) AT SN DR 1[0, A
PSR, 2005, 22(11): 33—38.

FANG Lei, ZHU Zhong-wei. Study of influence factors of
foundation under

lateral deformation of soft soil

embankments[J].  Journal of Highway and
Transportation Research and Development, 2005,

22(11): 33—38.



