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Elastic viscoplastic constitutive model for K,-consolidated soft clays

WANG Li-zhong, DAN Han-bo
(Zhejiang University, Hangzhou 310027, China)

Abstract: A new anisotropic elastic viscoplastic (EVP) constitutive model was presented for Ky-consolidated soft clays in
general stress space. It was assumed that two surfaces existed for any loading history: dynamic loading surface and reference
yield surface, both of them are nonsymmetrical ellipses with inclination defined by an @ -line. The flow function was
established by the visco-plastic volumetric strain rate under one-dimensional condition, the secondary compression coefficent
was directly used to describe the rate effects. All model parameters could be easily gained from the results of one-dimensional
compression tests and triaxial undrained shear tests. With the determined parameters, the anisotropic EVP model was used to
simulate the behaviors of the triaxial undrained constant axial strain rate compression tests and undrained creep tests of some
representative clays, it was demonstrated that the calculated results agreed with the test data well, and the present anisotropic
EVP model was effective and feasible.
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BRI, BURESETE 392 KPa [AG 2%l FE R 25 1 [ 45
24 h, MBS AEAHEK S AR 4l 4% 0.0835 Al
0.00817%/min Ft%l r) WAL A I8 EL 4 BARRBR . &1
1 Fukakusa clay 5280 A LS, b2 5y
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Table 1 Constitutive parameters of the clays

AR TR K 2 v e M(p" 7o a pifkPa Vv T/h  OCR
Fukakusa %= 0.02 0.1 0.004 0.72 1.5(37%) 0 0.59 392 0.3 24 I
Sackville i 1= 0.06 0.28 0.009 1.5 17242 0286 0586 618 0.3 24 I

Umeda % 1- 005 0343 00137 1303  1.47(36") 0 0577 294 03 24 1

VE: e M FLILISE PR A IS A R G R ORI (AT RS LR, g AR BT A R A T L

{8 C, /C. =0.04 5135,

5 Cad A5 (b) 435 A 7 1 55 Al 1) W A8 A B
', Fukakusa clay [FIF7 20N ) %A% BT IR g WA G
AR s A S e Le i, b N A py i —
ft.

M5 FTLAE Y, A SCRERU T 1 S Wk 1 55 W AR
FUYNE R — B, BIUId RO, RAAAHK
SRS . MAHEKN g2 el tHEBTA N
BOL RPN T g ik, HHE B, XAl fE
A USRI e O T 63k 44 Fukakusa clay 1 )50
i Fe 4 i 2k B e 10 C, fl, AR A1 K R
C,/C.=0.04 U, C, {EnIHEMS A : @A TR “42
[ WSRO 7 5 S22 1 0T Kutter! ™' 45 Hy SR AT i
PR AEN, 23fE—E R s A KB D) e
RIBYN Sy o MSEBRUFSLER KA, g M RIFERL T
AIHRAZIEEHI Y, FLAR ) WS v DU A8 ] 9, AR SO
TUATS R O g WS N o el T S5 Bs b A 31 i AR
AR AR BERTAY, RPN S AR G R E I A i K
[[TRE &6 32 AT SRR A 5 T 275

A 4 (%/min)
1.0 -0 0.00817

02+ M=1.5

1 1 1 1
no 02 04 06 08 1.0
e

(a) HAFRE AT A A RN S #iE

R '
S 050 BRI G fmin)
] o 0.00817
& 0.0835
0258 — SR
0 TR

2 4 6 é 110 12
S5 19
(b) AR SRS X R

FEESG TR () AR T S RS . 45 A AT R
PR, ASCHE TSR IEIL T 5.6 m A %R L1
SN AR AR B UGG AR . IR AL R
WRT H ., APREE 5%, w., w, 208
67.3%M1 43.4%, KR T/K BT HIR . RHe S, XFF
JEAE Ko=0.76 (1141 F 1 45 24 h, 353 15 [5 45
SRIGAEANHE K 43 5il4% 0.009, 0.1 Al 1.14%/min
R i VA R 9 = o W 2 187 N B SN = )
FSCHR[10], FitE S5y T = ifse 1l e g5 3,
B g5 %I T 3 PN AR K Mg R,
C,/C. =0.034 57 /L 0.04+0.01 [FFE[H .

SN AR RN AR, Sackville clay 452N 1)
F A S B D) Ny AR S R VST i £k Rt 45 L Ly
Mk e (a) F6 (b) fim. MEPATLIAH, 15
PP R ) g B9 Bt R, R e SEBR R, (B Ty
HUEBRAH, BAEmE, SRS Rk 2B W)
Ay BERRE RO Ko [ 25 3 78 25 1 A8 28 0 2 B v v
TR N AR R A . Hah, A AT H ek
FEBY ULt B op 2 1) SR AL, Xt AT L sk
B = A 2 e IR R 22—

5 Fukakusa clay Rz 35 B 008 R i+ B dh &
Fig. 5 Calculated and test results of constant strain rate tests on
Fukakusa clay
(2) Ko [ 41550
1989 4, JI% K New Brunswick 7 Sackville Hi[x
G T BN TTREGHE, A 2 3 S e i
B, Rowe!"" "8 AXFZ AL M LR 2~7 m ¥

100 {%b/min)
o 0.009
80F o0l
= A 1.14
2 ol iR
5 wf
=
2oL M=1.72
Ky=0.76
%20 40 60 80 100
FEFAT N 7 7Y kPa
Ca ) TR AHAKA BN T B
80 -
g 50 L . UDO T]ol.l o
= A S (%/min)
4"; o 0.009
= o 01
= A 114
20 — i srER
() 1 1
2 4 6 g8 10
$h (6] WEZE £, /9%

(b)) FHA AN DT bk Ty A O
[ 6 Fukakusa clay %57 35 3 0 #iA 06 Re 1+ B dh &
Fig. 6 Calculated and test results of constant strain rate tests on

Sackville clay
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—ANAHE KBNS, g S WA ) g 1R
BARFFAAL . WP EAYE XS T IA ) Fukakusa clay Fll
Sackville clay, LSS ERE RS A5 ) [ 45 F1 K [ 25 A
IKERAZ R TS g

C1) 25 [ [ 455

23 10) [ 45 1Y) Fukakusa clay #4402 1% 5t it BT
SR 1.8 7(a) (b)) ()5 qf py =0.2~
0.6 15 & T il i) AR K V- 3545 200N B i 1) A & 11k
5 SV R E AR .

Wl&'ﬁf%ﬁ HRSR
2+ 0 A —
03 o
£ |
& 06 x
.g 1
E 3
i H
0 | 1 |
10" 10' 10° 10° 10*
48] ¢/ min
Ca ) FHEE S 0 i g 17 205 B ] 1) 2 P8
100 oo
e
= 075 - W!{.’Miﬂ'&% HHLR
02 A —
03 o
04 o
0.50 1 1 1
10" 10' 10% 10° 10*
F{E) ¢/ min
(b)) H¥E5 RS V-4 RN S B ) Y 26 (1)
arry R HIEA S
05 o —_
100 o 06 x
e 0755 %% >,
E“' X * xx
0.50 -
025 L 1 L
10" 10' 10° 10° 10
k8] ¢/ min

(e ) PSP 3544 808 iR ] i 560K (2)
[E 7 Fukakusa clay AHEK SR TR 58 R it H dh 2k
Fig. 7 Calculated and test results of undrained creep tests on
Fukakusa clay

MNP T ATt R A 2 B T %6 45
AR HE K B i A R R e SRR R AR R
T, 0 2R (RN O R OB 807 . LT (b)),
() ATLAF Hh, VBTG V- 40 RN ) S i P 5k
W2 RAR L, HN LR, JCHAE ¢ B
WIS R ERY B R B TAE ¢ BN, A%
WENE AR R A s RN B N g 1 B AR KR JEE L
W T SR 20 (PR T . A SO 7 R 2 (2) &
&, Horp K —4E Rl P s gialae g 2, sebr ERME
(E—HER O N X L REREAT Rl ) EN R, LAY ) Y )

e N 2 bt R AR AR, A 25 ) A HOR S
PRI SR — ARG T A3 1) K AT UHAE, & st i
SYIREN, MITTTE g BN BRI p' 2wk i,
HISCHE 6 (a) HRNASZ N 1.14%/min G 80N 1) 845
AU BOE A 5 A Bt th T IR R ey, ek
BB AR, TS S b RO A B R

(2) Ko [H 45450

K, [F1 4511 Sackville clay #-4 B0 i Wi aig Frids, o
HZHNE 1.

K8 (a). (b) 434k g=35, 44.5 }z 50 kPa I 4
1) o AR R L o o 1) 2 FR PR 36 i S5 ST IR L
o BRI, W BT BAE R AL N AR BE A
ARG A AT W BUih A2 5, =35 kPa NI AL i
W FREINT )29 8000 min, g=44.5 }% 50 kPa I I542 1%
W FFEER T2 12000 min. METAILLE L, BEdF ¢
(RIS N, B AR A FR S B I S bk, el T2y B
THL, BORVAG LM S T K, [ 4511 Sackville clay A
I A5 28 e Al ) S A R FL S ) R B R o AR 1 5
AR, M THSLETAR () p’ L A8 4] S ek FE L
WK, FECAR L VS R, A
SUII 55 RS A A 0, IXAEAR R i el T KB
LR R (1R e I A8 o A3 ) e

4 HEER R
— o ¢=50.0kPa
o ¢=44.5kPa
§ 3r A ¢=350kPa
=
% 2k
= M
T o
0 W
0" 10" 100 107 100 10t 10°
15 0] £/ min
(a) T3-Sl ) A B o] it 2
20 | e st s

HTPFLIE 1/ kPa
=)

H?ﬁ%o kPa
E o ¢=44.5 kPa
£ 4=35.0kPa
0 L L 1 1
o 2500 5000 7500 10000 12500
(A ¢/ min

(b)) A5 e FL R R (R 2 S
[ 8 Sackville clay FHEK BT IR T30 R it R dh 2%
Fig. 8 Calculated and test results of undrained creep tests on
Sackville clay
(3) BIYNGHAZ BRSO

AHEKBIUIGAZ I, AR N AL R R S
AR N S KOOGS Rl KR, A7
UG S 30 A AR AR AN AN S B Ty 2 R R, AR
IR R, LS DNEAR R . LA ALRIGTE g B
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RIS, il ) AR — i i) i 2 B A7 1) B ds, (Y
BATHILBT VIR . 2% A AR SO R IE A5 e ALl
%, BEHLT Sekiguchi H (1984) "Vt A KBy

(RS B /I E IR 30, %304 IR K 2 i
AR 25 YR AR, BRI K, A SO K BR
AL L, 28 A k= 6.5 X K AT T %, #itES
Ky i C,/C. =0.04 U

B9 (a). (b) 434l Umeda clay 75 #-Ff {3 /)
K R ANHEZK BY D98 A% 3o oy g AR RSP 244 2808
JI Bl ) AR A RS s S AR L. B9 (a) h
ATLEH, Mq/p,=0.663 JiF, TFEFFL LB UG
AR IR, il AR R R A, T p! O kS &
q/p' =M A1k, M g IR, BT 76525 4 1)
Al v AR AR L 2 o MAET 9 (b)) W] BUF i A2 #1341,
BRSP4 2N N p R0 45 A — e 2,
JEHSE g BRI o B i TR A T R
FPEPET, 55K PR B AR SR A B AR 5 5K
AR AHERINTS, ARSI HUBL T A A0 A
RUEEAR R R I 1) B 2l v A (P s R e, I T p” A
BT R, IR 18 L AR 1) M B A 1 A
1.

BY DR AR (O AAAEXT . JEh. RIS AR
SEHAT AR W, S BUER 4 R A BT D) AR B 1) D
WK R PE SR GG AT G, T E L, Y
I T3 g TE 3 H =500 DR BRI BN 7T g
(1] 70%~90%Mf, L] gk A By UG AR IR, fHIX
SUEAR RS, TR

0* 10t 10t

R[] ¢/ min
Ca) FHH a0l o) 17 A i i) f) 42 J8
300 & .

250

SR RUN 1171 kPa
g

150 P
SEAE IR LR
100 I I 1
100 10 10° 10* 10
IFI) ¢/ min

(b)) TS B T 2594 AR ) RO ) Ay RE e
E 9 Umeda clay HEKEETEREIAALE it B th ik
Fig. 9 Calculated and test results of undrained creep rupture tests

on Umeda clay

5 iF it

CD L8 R EL ¢ FTAS e St R AR O 2% 18T Rk
VERMESEANIN F o A SCE T 5 2900 N 7 AR A B (1)
S N JPRAS, A2 1) R HE PR AR R R, ¢
S92 AR R TN PRE S S N PRSI T
S AR EVE N AR R R, A AL i ) B
w2, AR, BMEE) AN 722 e ki
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T Ok, A S HE AR M 80N 1 SR i A B
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(2) ASNHIET LAK Ko 18145 7 3815 % iRk
B S, WA R R0 BY D)k R b e R S8 R ) i s
FiE s RIAL . HARNS Ko [H 451 Sackville clay P55
A 0 (18 V15 I R AN 1 T A i A A7 I
o, HERZWIERMN, E =S, eikad
A GE 2, XA FUFR I E R Z

(3) ARSCHIRFE T AL HARN Ko [E45 0548,
H NS AR R T 45 SR, T4 R ) WA il 2%
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BRI BRI ) AR K R IR B, DRI, AR SRR Y
RN AR B 4ot AR R S ) TR VAR o

(4) AR SC— Y 55 I 1) e A 28 SR HH 446 06F B (1] A b
R, RV G REAN SRR AR AL T IE R T AR
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AR LR 1 5 [ 45 R [ 25 - S . bR L
I [ &35 A [ 25 T R oy B S e B 25 16 ) (5%
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(2) HLE Ko [855% R MPIGEG% m e, R
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