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Application of large strain analysis of
visco-elastic-plastic soft soil subgrade

HE Qun, WEI Li-min, WANG Yong-he

(School of Civil and Architectural Engineering, Central South University, Changsha 410075, China)

Abstract: The visco-elastic-plastic constitutive relation was employed to simulate the material non-linear of soil skeleton
and the update lagrangian formulation was chosen to describe the geometry non-linear of soft soil. The continuity
equation and double non-linear equilibrium equation of U.L.J. form for increment analysis of saturated soil were derived.
The large-scale practical finite element analysis program was developed. The comparison analysis between large strain
and small strain for a practical monitoring project on expressway was performed using this program. The analysis results
were compared with the monitoring data. The results show that the difference of calculation results between large strain
and small strain increases with the increase of stress level and time, the maximums of fractional error are 16.39% for
settlement on the ground surface and 20.23% under the surface 3.8 m, 27.8% for horizontal deformation and 22.75% for
pore water pressure, which show that the large strain analysis is indispensable for soft soil subgrade. When the calculating
parameters determined by the laboratory test are adopted, though the developing trends of deformation and stress of
subgrade are described well by FEM analysis, the differences between the calculating value and tested data are too large
to be accepted, which shows that seeking for more rational methods to determine the calculating parameters is essential to
improve the precision of numerical analysis.
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Table 1 Calculation parameters of every soil stratum

Y e . K3 KBRS KFBIE LA b v "
B wn e Rl V) TR mwa W weEn
E/kPa  E,/kPa (10°kPa -d’) (10°kPa'-d’) (10" cms ) (10" cm's )
@ 6562 6 388 0.2 20.800 0 4.430 1.0 5.0 10.30 18.5
@ 5468 5323 0.2 25.000 0 5.311 1.0 5.0 8.43 17.5
® 41 688 15372 0.2 0.000 5 0.071 0.1 0.5 20.00 35.0




516 RS2 (1A R B RR)

21X10 B 210 />, BE3EEIT 12 X9 Bl 108 4,
6 HEERIIEITNERIXT Lo

N T T R JURTARZe R s BT E S 2 L s i R
Jesgmaa R, RO R SR L MR i [ 45 7 i A
J¥* LSVEP Bl sEpmi Tl e, Sk b A Ae ik Hn
SRR 3V ) (R b LR« AP RS« FLBRUK I %%,
AT RAR T . NI BRIC T, IR as R
BT 90 25 AT X0 LA AT
6.1 JnMfEE

HSRIL RS W 2(a). BRIEHOLT, S
iy TR S (I A CIB3-3) 15 R G 43 B 45 SR %) b WL
Kl 2(b). & 3 From Ak didngde ~, AL 3.8 m abit
SFEUTREFIR S 3.859 m A SEITTRE IR LL 45 R - &l 2
R 3 ] I

a. FHOKMAR . /INSARAT BRIT 3 BT B 4 BRI e o
it TR 0 AR AR S B A S —3,
KIVAR 53 By BT AS- U 1t LG /NAR TS o i A Db K
L2 At TR IAR D, AR R T 03T HE R . i
S A B B SR IR m FE PR3 I, 37K AN T e

8
(a)

BUE R /m
+ =)

(o]
T

0 100 200 300 400 500 600

1

(a) BRIRICHULRY: (b) HuARVIRE & SEIE 5 vk SR L
1—SME; 22— RMNAR VAR 3—/ AR T A
2 WARIEZ FAMELE AT i
Fig.2 Comparison of calculated settlements with monitored
settlements at ground surface

o5 40 4
I 1] /d
100 200 300 400 500 600

E 04+
2
E

0.8+

1.2

1—SEME, 7=-3.8 m; 2— KN ARV 5E, z=—3.8 m;
3—/NWAZTHAH, z=—3.859 m
3 R 3.8 m AT BAE L AT e
Fig.3 Comparison of calculated settlements with monitored

settlements at 3.8 m below ground surface

b. FEESAITEIE, HRDIFFIIR. N HT
48 LA 25 2.86%~16.39%, TTIARTE 3.8 m &b K.
AR T 53 W 45 A B AR 2208 20.23%, HOKARTE
YN T AR DT R S BE T TSI SR, DI 4 T
HEAT R NAR G AT ARAT 6 2

C. LI K AR AT S /NN AR ST, T BT
DUBE R W] /N T SRR o 3 I b 2 3 1 3 22 S
DRI A 35 RS0 BT 4 2 5K DL SE 4 HERf b S BB 37 512 B
0L, RUEAGRAS AP, YER I SE R 5 R,
BT SR INAE £ TREIIA S Bt DL (K 51 2 50
6.2 IKFLF

Kl 4 B o e B3 AN 2.0 m, YRFE 3.8 m BHITHY
IS I SRR e P R (0 R ekt 18 S
AMIESITUR G, 24 =605 d(FI $2230T 45 o) 7 354 JA
402 m AP B R FE AR A AR LG, RS CX3-1
M CX3-2 (A E LK 1), K 4 FE 5 nLUE -

a. HHRNAR ST NN AR 53 BT BT 7K S B A
WAL= N T 3.0 m R ZERIR N, Bl S5
2 NN G 7T = T NI NG TR N =
RCRAE, PSR AR HNIAEY K. LA
R 3.8 mAb Ky, fEil TR PR R, KL Y
3 Bt 4 R PR 1R 2208 3.02%~22.4%;

b. K /INWAR Sy B 5 L B R AL b S WA K P
PR Rt T HERE IR e kadh, (AT BTG/ BT 45 3 F ad
RSB, XAl ge it S5 WS
NG

C. A PRI o BT 45 SRR L M s WA P 3% B I
FERIAIAE,  RNAR BT B A3 7K RS L /N AR 43
Bras foR.

d. XPRE 9.5 m LA NAER -, i T R iR AT



o5 2 30 i, S BCRBRAERG RN SR T RN 517

Bl /d

0 100 200 300 400 500 600

-.
£
S 00
— 1 L
o
5
% 200F

300

1—IUARHE CX3-1 LI, z=—4.0 m; 2—JARHE CX3-2 5Ll
{H, z=—4.0 m; 3—/PN AR T EAE, z=—3.8 m; 4— KN AZ T
{H, z=—3.8 m
Bl 4 KL 3.8 m MK -TALAS R RA Y
Fig.4 Development of horizontal displacement at toe of
embankment with time at depth around 3.8 m

AR /mm
650 0 50 100 150 200 250
4 L
g
> 8
&
12+
16+

1—JRME CX3—1 S2PIfE: 2—IARE CX3-2 Sl
3—RMARTHSA ;s 4—/ AT EAE
Bl 5 =605 d B e K45 A5 MUK B R AL E
Fig.5 Relationship between horizontal displace and depth
when =605 d

K ANNAR G R 45 R 220 AN K, 605 d INFIRIAFDG) 1 22
K 10%~13.7%, AR EJZE L, Ry BNNAR 7B 45
(2255 I A2, 605 d AR 22 0 22.4%~27.8%, AT UL,
PR A TEAT RN AS S T AR A Db 2E
6.3 FLBRIKIE S

Bl 6 sk sk D TUREE 3.8 m AR FLBR/K
IV EAE SR 4.5 m AR SIAE AE 6 3t T3k F e
RIEREHBWT LG R B 7 B A3 b0 gk R IR
7.7 m A FLBEK s ) v S 5 R 8.3 m A SR (1) %]
g .

M 6 FIEL 7 vTLAE e A7 BT/ A 45 R s
ST RIS TSR T FLRRIK R T 1 2 U
THIRG, LA T s LB K R g B e T) 328 A0 i

60

40

fLBK S /kPa

20F

300 400 500 600
A ) /d

13 2— KR EAE s 3— N AR5 AE

B 6 FE4mMiEIUETEAE L ZaEst

Fig.6 Comparison of calculated pore water pressure with

0 100 200

monitored ones around 4 m below ground surface

FLERACHE ) /kPa
.
o

300 400 500 600
fif i) /d

1S 2— KRS 3—/D AT (E

Bl 7 RE8mMiEILET ML A

Fig.7 Comparison of calculated pore water pressure with

100 200

monitored ones around 8 m below ground surface

B, ARV SRR S 7 (1% 22 Ve A I 52 L S DN 5 o A
B, HILUR(E— ML SEE R 7R3Nt Tt f
K NI TS FLBEK R SR g ah—2, 7
t<<429 d I, HAXHRZE N 2.05%~22.75%, )G, H
SRVE S M AR R 22 WU BB LR R, H337E
10 kPa LI ; A BR TG/ AT 45 AL 15 Sl 25 S A i 22,
T 22 5l — 7 TR T U B b SR R A KT B ) 72
RGN L AR 22 5, 5, B3
L LRE K R 0 A5 R RS FE AN i

a. KMNAZ, /NWARAT BROCI T TSHIE IR . 7K
SRS FLBR K A5 Bt T BERE (AR A R S
UURE AR A8 BEIAR SO ST (R R N AR R s
A BRI I3 BRI .



518

R AREER)

o5 40 4

b. K AN AR B 45 RN 22 5 B 1 KT (K15

IR T BT, Ry, LD, K7
R RIFLBR 7K s 0 1 B KA R 22 53 il A 16.39%,
20.23%, 27.8%FH 22.75%, Ut B3R A B AT RN,
B HT R 2.

i

c. = WL I 15 2 Boufk LUAE A 3t S I BL ) 552 B
00, ZARERTG & BN IO BB AT R, 23R

e SENTHERA i V5L S BN ik

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

BENER, T ORE, PMERYS. BOIT MR 5 R I i
D1 AR BAARER, 2004, 35(6): 1019-1024.
WEI Li-min, HE Qun, SUN Yu-nan. Measurement and analysis
of consolidation process for sand drain ground[J]. Journal of
Central South University: Science and Technology, 2004, 35(6):
1019—-1024.

BE, BoRvE. LB S E ML dbnt: i EKFIK
H AL, 1996: 90-106.

QIAN Jia-huan, YIN Zong-ze. Principles and numerical methods
of geotechnical engineering[M]. Beijing: China Water power
Press, 1996: 90—106.

BRI, BHZEAE, 340, RN IR SR IR B S M A ZY B
G BSREEPE M), AR R HARBLAIR, 2006, 37(2):
408—413.

HU Qing-guo, YANG Jun-sheng, HUANG Sheng-wen. Analysis
of performance of bridge approach embankment constructed by
expanded polystyrene[J]. Journal of Central South University:
Science and Technology, 2006, 37(2): 408—413.

Cargill K W. Prediction of consolidation of very soft soil[J].
Journal of Geotechnical Engineering, 1984, 110(6): 775-795.
Carte J P, Small J C, Booker J R. A theory of finite elastic
consolidation[J]. International Journal Solids structures, 1977,
13(5): 467-478.

Chopra M B, Dargush G F. Finite-element Analysis of
time-dependent large-deformation problems[J]. International
Journal for Numerical and Analytical Methods in Geomechanics,
1992, 16(2): 101-130.

A, ZUEURT. BT ARAR N AR 45 BR R AR 4 SR BE ).
15,1990, 11(1): 11-17.

ZHU Hao, YUAN Jian-xin. Consolidation theory and its
variational principle based on co-moving coordinate system[J].
Rock and Soil Mechanics, 1990, 11(1): 11-17.

JETER. VRN AR R AR T 1 45 BR G /M (], KRl K R
BT, 1992(1): 106-110.

ZHOU Zheng-ming. Large strain consolidation analysis for
saturated soil[J]. Hydro-Science and Engineering, 1992(1):
106—110.

WACH). R 45 318 A ROtk M]. dest: NRAZE
H AL, 1998: 1-25.

XIE Yong-li. Theory of large-strain consolidation and finite
element analysisfM]. Beijing: China Communications Press,
1988: 1-25.

E R, MRAEES. TRRAS A AL ) B A B i M. b

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

P Tl A AL, 1994: 74-142.

HE Jun-yi, LIN Xiang-du. The numerical solutions of nonlinear
problem in engineering structure[M]. Beijing: National Defence
Industry Press, 1994: 74—142.

YO TE. — 4R TBIE 45 BB AT ST[D]. UM WL R4
T TREWFFIT, 1996.

XIE Xin-yu. On the one-dimensional large strain deformation
consolidation theories[D]. Hangzhou: Institute of Geotechnical
Engineering, Zhejiang University, 1996.

FEVIGE, DRERIL. MOANR A i 330 2 1 KA AT BT 1 [ &5
IYHTIT]. WK AE AR, 1998, 26(1): 73-77.

JIANG Ming-jing, SHEN Zhu-jiang. Finite element analysis of
elasto-plastic large-strain consolidation for saturated cam-clay
soft soils[J]. Journal of Hohai University, 1998, 26(1): 73—77.
TR, e AR IR T M. ER: PR
JiAL, 1990: 101-141.

ZHANG Ru-qing, ZHAN Xian-yi. Nonlinear finite element
analysis[M]. Chongqing: Chongqing University Press, 1990:
101-141.

FFTt, BRENE, AR, MR I ) s g 0 4 R
YRR ST, AT REEAR, 2006, 28(5): 669—673.
WANG Hong-gui, WEI Li-min, HE Xiao-guang. Determination
of three-dimensional rheologic parameters based on long term
oedometer test[J]. Chinese Journal of Geotechnical Engineering,
2006, 28(5): 669—673.

BTN 0 R OUT A 2 1 VA — [ R 5 0 2L 20 A 5 D e T
D). Kib: g L AR B, 2005.

Wei Li-min. Double non-linear fluid-solid coupled simulating
analysis and settlement prediction for soft soil subgrade[D].
Changsha: School of Civil and Architectural Engineering,
Central South University, 2005.

B A MR R R TR M), et RS
Ak AL, 1999: 75-198.

SUN Jun. Rheology of geomaterial and its engineering
application[M]. Beijing: China Architecture & Building Press,
1999: 75-198.

JRAERE. AR A R R A L TR R R A M. S
VU R A A ik, 19950 1-71.

ZHOU De-pei. Rheology mechanics principle and its application
in geotechnical engineering[M]. Chengdu: Southwest Jiaotong
University Press, 1995: 1-71.

Owen D R J, Hinton E. ¥ 52245 B c——2Ei8 5 N FH[M].
WESE, x) RE, AREAL, B dbat eRs Tk R, 1989:
112-405.

Owen D R J, Hinton E. Finite elements in plasticity theory and
practice[M]. CEN Ping, LIU Zhong, XU Jia-li, trans. Beijing:
China Weapon Industry Press, 1989: 112—405.

YRER, A g E L TR T B N M. dbat
R AL, 2002: 47-89.

XIE Kang-he, ZHOU Jian. Theory and application of finite
elements method in geotechnical engineering[M]. Beijing:
Science Press, 2002: 47—89.

BRORR, AT ORE, EACRL B S U T T R AR TR
TR AR ], EERIE R, 2007, 28(4): 1-6.

WEI Li-min, HE Qun, WANG Yong-he. Back-analysis method
of soft soil parameters and its application in settlement
prediction[J]. China Railway Science, 2007, 28(4): 1-6.



