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An asymptotic state constitutive model for overconsolidated clays

LUO Ting, HOU Wei, YAO Yang-ping
(School of Transportation Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: Based on UH model for overconsolidated (OC) clays and the concept of asymptotic state, an asymptotic state constitutive

model for saturated sand is developed to be an asymptotic state constitutive model for overconsolidated clays to describe the

overconsolidated and asymptotic state behaviors of clays. The proposed model can be applied conveniently to three-dimensional

stress states by using transformed stress method. Compared with Cam-clay model, the proposed model is simple, and it only requires

one additional soil parameter which is the slope of the Hvorslev envelope. The model can model many characteristics of clays well,

including strain hardening and softening, critical state, stress dilatancy, path dependency, and asymptotic state behaviour.
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Fig.1 Current yield surface and reference yield surface
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Fig.2 Relationships of stress-strain of OC clays
under p=constant



%3 BT S R IR A AR A 685

6
4
N
= &d _Mf
2
/igdn
0 L L
0 5 10 15
Ed/%
(a) OCR=8
6
4}
=
= g4 ~ My
2 t /
€471
0 L 1 ]
0 5 10 15
Ed/%
(b) OCR=1

B3 fEp=WEEHT Mi5n XA

Fig.3 Relationships between M;and n under p=constant

Kl 3 (a) Fl (b) 4 p & TR AR T &,-n
Mle,-M g, dvtEalH, NIy it
WE(E )5, dg<0, dp, <0, ULEFM, <n, FTLL
I dp | < 0 7R IR i R TR INAS & E 2, AT58R A2
o BT HIFRRT OCR =8 F1OCR =1 ({1 Hh
2, FEn MEEALN b n S 7S M, AH%S,
B fG, M, <n, BCEMERIE it .

3.2 de,/de, = n BRI IR R

de, [de, = n LoRAFILTHRZEAT o n =0 XA
AHEREAE, n=1 XA — e 45560, T srm
AKE RGBT LAFTEINAN [ ] 465 52« 29 SRS AR AR A ) -

K 4.5 OCR =1 F1 OCR =8 [ [H 45 1-7F de, /
de, =0, 0.5, 1 NARBRARIAT T IRy -NY AR 4k,
B BN A=0812 . x=0093. M=1.1,
M,=08, v=03, ISk, e,=0.707. 1 =0.586
HI&] 4 5 AT UL, WA AR A ] 45 - 28 HAT 4L
BRI, RPN AR, (H R 25 R I [
&5 L0 VA A A R IR A Y g EE

n=0

n=0.5

n=1

Ed/%
(b) OCR=8

B4 nAEARFNS-NARRR

Fig.4 Stress-strain relations with different values of n

(b) n=0.5

157 151
10F
= OCR =8
™ Py
05 }Jr( OCR =1
0 0
15 0 5 10 15 0 5 10 15
Ed/% Ed/%

B 5 g5 AIE R 8 4 )-SR R LR
Fig.5 Relationships of stress-strain between OC clay and NC clay



686 b +

b 2010 4F

K6 Kn=0.0.5F15u=0.58 5/~
SR R 25 T AS A (Pl rh e 2 ) RIS SO AR (K]
HSER) TN 7- AR 2. b BT WL, R [ 2
| B [ 4 A R (R R s B () i
2 v T [ 4 AR [T 2

q/p

q/p

Sd/%
(b) n=0.5
1.5
M — — e e e e — =
1.0 OCR =8
& /
=
0.5 \
OCR =1
0 1
0 5 10 15
Sd/%

(¢) n=1

B 6 PIMEALTIGINGE R LR
Fig.6 Comparison between predicted results by
using two models

4 FT SMP HENIF) AR SN ) TR
T WA L 1y = e R R AT A

PR, ACSCIET SMP SREEEN], 45—y

GEIIVSIE S £ &% S ISR CIOFIE S

= [15-19
E[ 1

5,.j=p5ij+&(aij—p5ij) (9
q

21,
3J(1,1, = 1,)/(1,1,-91,) -1

3
9= \/5(% —p5,-j)(6,-j —p5,-,-)

1
p :§0g5g

qg.=

(10)

A 8, b Kronecker 755 1, « I, F11 735305 1.
o2 RS 3 N AR,
5 ARHRN A ] AR G AR
5.1 ZHN )R AR TR
LEAR N 378 ), 2% JE Rif £ A

]_”:(l—y)cpln ;p +cpln(1+%j—£3 =0 D

pr

e RSN 3250 p S N 7 s T AN
15 P WAIRIRASE 022 ik p Bh0AS A
TSR AN I

A e I 7 7% () R 22 7 e T RAH R 9
P g RN A

~2
f=0-pe,n2L +cpln[1+ 1 j—Fr:o
x0

~ ~2
g=1n~£+1n(1+%}0
. p

(13




53

BT RS ORI 687

G R N Kol L1 B S S NS D= (O S S B
N 15 7 RSN s o, AHILRIRAS I 4
W RIS p 2SS, B ROtk 38, R A
RS A
5.2 #HENAEE NS NRYE

S NG de Ay B N ARG R de s MR
BAPE N ARG B de [ MARRR & I B IE N AR B i de P
Z 0, HARRA U

ds, =dsj +dsf +def™ (14
(1) B R A
AR SR SR R AR S B

deg =1+Tvdc7ij—%da s, (15

mm = ij

A v IiAkatt, FRPERCE E AR,

p (e | (16)
K
Kb ey p= po MIHGHIATLIR L .
(2) IEPEREAS IS i
B IR A

der =A% a7
06

i
il (12) 158:
og 1

06, M’p>+§° 3p

ij

2~2_~2
M p 4 s,+3(6,-ps,)

(18)
AR B R T N AR Y
punc __ M4 1 =
def —,ucpM?Edpéij (19)

SRR L, I p BN ) R
BUDIR, a0 (190 SRAFIAERE & S B AR &
0, JEMRE (12) RS —TBAREM, Ak
X HHZAR LR IR A0k SRR
5.3 fnErEAET

N T BIER N S AR A R N -
ARREVE, R FH I ED AR R DX B A AN D AR 2
AL JE R AR, AR A, T
IR AT T A RN S R A1 g W L ey

0 .
%D;k,dsk, S0 Ik
)

I e
g ijk/dgk/ =0

g

AR 20)

g

0 .
%D;k,dsk, <0

et D R A
6 BTN 55Uk

Bl 7 SR AIAS ST AR S0 (¥ 15 i 45 1
T 0 N BT (R REIN e AR £l 1) LR
M P I P AT LA e T AER R R T
PRSI, A SO B B AU Hifihid o
B PN T AR R AR

B 7 o AHEEAM T P2 5 A5 R R
Fig.7 Comparison between predicted results and test data
under o3z =constant

Bl 8 Jh R AR S 4 Hh R A AL B 28 0 1)
Fujinomori % 1 p % B HEK =l R 4 454 1R
JINiAE £ iR gk RO b, b, sed o B
L AR B fR T il £, T PR R R .
OCR=1. 2. 4 W}, P3N J1°h 196 kPa, OCR=8
N, SFBEN S 98 kPa. HIE 8 (a) WL, 4
OCR=1, L AIEHME L1, WG p HEEIIN )
AR BIDIIN, ARALE A SR (L 5.2
W), BEA ML O, LR, b
PIBTAKFERE IR, W 8 (b) ~ (d). HICHRS]
AHEL, BT AR IR A T o i S0 HE A Y 14
1-N AR AR A

Z MCHR[8], B ZHv =03, Al(l+e,) =
0.050 8+ k/(1+e,)=0.0112. fERLHBHM . M,
g PHUEAKHE 4. T3] Fujinomori & 146 45
R HTEn, M BEYERIY 1.34~1.42, WK 8 (a)
(RSSO T LA HY, BUOM =1.36 TIN50 56 45
R, M, ARIFIREIRIE, EREAHK



688 b +

71

2 2010 4F

A AR IR, TR A RIBEALIE, %
SRR BUNTE BN EFS), X T Fujinomori
it 5% EHNEIRARE R R 5 - AR A

7

j: N
éu 135‘

9T B L R T R A AR A

VL B 1 2 # M, =08 ;

pu=1-AM/[3(A-x)] K.

u=0418 M 2 i

Ph, ASSCHE TR 45 B, 25 SIS,
38 T T ATRD 1 (R AR e Jee h RENS il i
AN 7 A% 1 L (10 2% RS IR A A I P [ 45 -1
ASHKIREIY o R AZ N ) T B0 I S T = 44k
SRS IR [ 25 1 10 oy D AU AR R 45
A AR TR A ) S B, W] T P
SEASFRERSRENS 15 B S U [ 45 1 it Ak . Ak
I FORAS B4R, BUK. ) BRARAI I AT IR

25r

2.0 F
a8
\§~ L5 06000000

1.0

0.5 [
o () 1 L 1 ]
S ewsesounmodboooodd—2
sl
© Ed/%

0L

(a) OCR=1

q/p

ev/%

(b) OCR =2
2.5
2.0
2
S 1S ootre
1.0
0.5
0 TeoQoQ. 000X ©
& 5 10 15 20
g S
Ed/%
10
(¢) OCR=4
251
20+t
K15t
S
1.0
b
0.5
0 festiocesies] 1 ! '
X 5 10 15 20
S st
©w Ed/%
10+
(d) OCR=8

B8 p R EHIHEAK =R R8I BRI i £k A
Fig.8 Comparison between predicted results and test data
in triaxial compression test with p=constant

AR

(1]

[3]

[4]

(3]

[7]

2 % 3 MR

PENDER M J. A model
overconsolidated soil[J]. Geotechnique, 1978, 28(1): 1
—25.

DAFALIAS Y F. Bounding surface plasticity I :

for the behaviour for

Mathematical formulation and hypoplasticity[J]. Journal
of Engineering Mechanics, ASCE, 1986, 112(9): 966—
985.
HASHIGUCHI K.
unconventional plasticity[J]. International Journal of
Solids and Structures, 1989, 25: 917—945.

ASAOKA A. Consolidation of clay and compaction of

Subloading surface model in

sand-an elasto-plastic description[C]//12 Asian Regional
Conference on Soil Mechanics and Geotechnical
Engineering. [S. 1.]: World Scientific Publishing Company.
2004: 1157—1195.

ASAOKA A, NAKANO M NODA T. Elastoplastic
behavior of structured overconsolidated soils[J]. Journal
of Application Mechanics(JSCE), 2000, (3): 335—342.
GUDEHUS G GOLDSCHEIDER M, WINTER H.
Mechanical properties of sand and clay and numerical
integration methods: Some sources of errors and bounds
of accuracy[J]. Finite Elements in Geomechanics, 1977:
121—150.

CHU J, LO S C R. Asymptotic behaviour of a granular
soil in strain path testing[J]. Geotechnique, 1994, (44):
65—282.

WA, A%, JHZem. 5T Hvorslev T 18 [ 45 1458
[T, RPERRE, 2007, 37(11): 1417—1429.

YAO Yang-ping, HOU Wei, ZHOU An-nan. A
constitutive model for overconsolidated clays based on
the Hvorslev envelope[J]. Science in China, 2007, 37(11):
1417—1429.

FEEE 694 TR



53 %

VT RS L RO A

(]

[10]

(11]

[12]

[13]

[14]

PRAD, et HROFEA ) 2 R LT B PR IR (7).
712, 2009, 30(10): 2881 —2902.

YAO Yang-ping, HOU Wei. Basic mechanical behavior of
soils and their elastoplastic modeling[J]. Rock and Soil
Mechanics, 2009, 30(10): 2881 —2902.

DT, Wedsr. WA AR IR AL S S LBHT].
[ RH%(E ), 2009, 39(1): 39—47.

LUO Ting, YAO Yang-ping. Asymptotic state behaviour
and its modeling for saturated sand[J]. Science in China
(Ser. E), 2009, 39(1): 39—47.

YAO Y P, LUO T, SUN D A, et al. A simple 3-D
constitutive model for both clay and sand[J]. Chinese
Journal of Geotechnical Engineering, 2002, 24(2): 240
—246.

YAO Y P, SUN D A, MATSUOKA H. A unified
constitutive model for both clay and sand with hardening
parameter independent on stress path[J]. Computers and
Geotechnics, 2008, 35: 210—222.

YAO Y P, SUN D A, LUO T. A critical state model for
sands dependent on stress and density[J]. Int. J. Numer.
Anal. Meth. Geomech., 2004, 28: 323 —337.

WA, BLEEH. Ko H% 1 (0 A0 il g0 R0 S L3
R[N, TAk#ER, 2008, 38(4): 50—53.

YAO Yang-ping, ZHU En-yang. Experimental rules of

slaking for K, compressed clay and its description[J].

[13]

[16]

[17]

[18]

[19]

[20]

Industrial Construction, 2008, 38(4): 50—53.

YAO Y P, ZHOU A N, LU D C. Extended transformed
stress space for geomaterials and its application[J].
Journal of Engineering Mechanics, ASCE, 2007,
133(10): 1115—1123.

MATSUOKA H, YAO Y P, SUN D A. The Cam-clay
models revised by the SMP criterion[J]. Soils and
Foundations, 1999, 39(1): 81—95.

YAO Y P, SUN D A. Application of Lade's criterion to
Cam-clay model[J]. J. Engrg. Mech., ASCE, 2000,
126(1): 112—119.

YAO Y P, SUN D A. Application of Lade's criterion to
Cam-clay model (closure)[J]. J. Engrg. Mech., ASCE,
2001, 127(6): 631 —633.

GRADSY, BRERR, 2k, A5 ) AR RS K
FLAR I AR ) [7). pE B (E 4H), 2004, 34(11):
1283—1299.

YAO Yang-ping, LU De-chun, ZHOU An-nan, et al.
Generalized non-linear strength theory and transformed
stress space[J]. Science in China (Ser. E), 2004, 34(11):
1283—1299.

NAKAI T, HINOKIO M. A simple elastoplastic model for
normally and over consolidated soils with unified material
parameters[J]. Soils and Foundations, 2004, 44 (2): 53—
70.



