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State hardening model of clay based on density and stress
state parameters
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Abstract: The strength and deformation characteristics of overconsolidated clay depend on state factors such as
initial void ratio, stress path and preconsolidation pressure. To characterize the state dependence of overconsoli-
dated clay, we define two state parameters: the density-state parameter and the stress-state parameter. The for-
mer describes the void ratio difference between the current state point and the corresponding state on the critical
state line, and the latter describes that between the dyadic state point and the critical state line. A new stress-
state equation is then derived. Finally, the state hardening rule is adopted to describe the hardening law of the

subloading surface where the current state point lies, and a state hardening model suitable for overconsolidated
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clay is established. Comparisons between model predictions and triaxial compression test results of different
clays under drained and undrained conditions show that the proposed model exhibits good performance. The re-
sults show that stress history affects the stress-state equation of clay. The density-state and stress-state parame-
ters in this equation approach zero when the soil reaches the critical state, and they characterize the compactness
and moisture state of the soil respectively. The proposed state hardening rule can reasonably describe the strain
softening and dilatancy of overconsolidated clay under drained shear, as well as the effective stress paths and the
evolution of excess pore water pressure under undrained shear. The established clay state hardening model has a

simple form with a single yield surface. Its material parameters can be calibrated by conventional laboratory

tests, so it has good prospects for theoretical application in engineering practice.

Keywords: clay; state boundary surface; subloading surface; state hardening; constitutive relation

PR ST ARG OC R, T R B HL A PR
SCHHf Y )RR A LB MRS B i 5 T
o Yo RS S AT ST 1 R A+
% — A K 5K (clay and sand model, CASM ) fE & Hi
Hb Al AR W) 2SR bR S 2 0 B AR AR
M 01247 R A £ TR R A B T R, R
if, s CASM #2381 R H 5 81 #f £ B (Cam-Clay,
CC)PFE IE G 8 A (modified Cam-Clay , MCC )"
A ] B A FECRE Ak 30k DU, 7 45 3 e 1 235 2 7y 1 2
A0 B Ak R ) AE A B AN R

T G MR A A 0 AR RO R BT IR L Yu
e CASM AL Hr g | A i BT ) 2 A, AT A5
S W % B2 1 A1 -1 AE T4k . Jockovic %Y Kang
SRUCH M e AU Rl ar A AR AR 2R ARl
TFRE T AU A58 TAE . HeAh, Yao 575+ T
A S A AR Sr TR E TR LY RS
— WA, SR R AR TR R A A A
BRI FE ABAQUS Hh 9 50{E 55 30 )7 5, Xiao 224
Xof AN [F) 28 U b A RE A AR R OC R T R T A B AT
ANad, bR R R B A SR R A5, 7 A
AT B i ST B Ak R AR LS HRE
Dafalias %A Ky AT BU/NME S #2528 RS
KA AL AR A, HAF AR S ] 7R N 0 R
B S TN RS AR A T IR O b T
JE MRAR S o B E AR A R+ 1 Ty 24T R
PEAL T T 0 F 5% LI F AT DL ST U i — i)
S B £ SANISAND-Z £ 5 Petalas 5545 t
VAT AL R N B B . 2R T AR TR
2 40 R R B ST R AR - SR R AR SR T
BABE o A, Li%E Kim 2577 F Sun 2526 %) B
AR 5 F i TR A B S A R R (A OG

S ST CASM AR 52 1B /Y N ) - R3S
D5 43 00 R B RS S i MR TR A S iR
SE Y AR AS 8B R IR S AR S I FAR A L 2 )
SR DO R A N DR/ N R N i A R B i

AR Jirt A T A R AR, O B S TR R A IREE
fifi ft. (clay state hardening, CSH) %! . CSH #i# J&
T B AR AR B R A B T A IR 5 A [ 2 Y [ 45
B0 = e A a0 A SR EAT XS L RO R A Y
PLERCR Bk 1A G HE

1 EiPHEZR

U o5 R I NS G VA R S R S S G AV BN E RN
ARG U M IE o 78 = 4E 0 )25 Al v A 8034 3
N T3 p MR T3 g TR I3 By 43 0 R oy

p=1r(0)/359= /32553 9="32rr (1)
AP ST RN IR G I 5 0 N T 5K AR 5 s by D
Tk, s =0 — pl, Horp Ih Z B 540 ok i 5w I
sKE L r T IR A r=15/p.

1.1 BEMAORETE

i 2E TE e-Inp V- T+ B9 1E 5 [ 45 46 ith 2
(normal compression line, NCL) 5 IIfi R & £&
(critical state line, CSL) A7, Jf H ¥4 &2 > X B¢
o e A RO FE 0 T p X 2 1L B L .
R4 & 1, 7E 85 V)it 78 (9 % 0) f ,NCL [n] F #8315
FI) 4% 1) 5% 6 46 il 28 (anisotropic compression line,
ACL) "o Y 4 A b - i [ 2508 A5 B, 2 AR S
AL T RN e By ol 5t 28 B X AR S B
AT 1m0 g i 26 5 4 ) e v R i it 2 ACL B9 28 i &b,
PR35 6 0L B A RT3 FE 08 143 90 pa Rl pre LA,
I 35 iy 2k 55 11 bR AR 2 CSL RN IE & [ 45 Je 4 it 2%
B AR X IO ) A BT 38 FE I T 53 R po R poe

%% Been R IR E S 1 124 & 8 X
A 1Y 2 AR A AR O RS A S I SRS L
FLBR L 2 2253 0 4% BE RS S 4 ¢ RN 1 IRE S
g, K 1R

M JUAT 3¢ 2, W] LA 43 0 45 3 . g, 1Y R OR
=, B



36 + K5 3m¥p 4

FAROF & L)

% 48 %

P Pes r Po Inp
1 MA-REFRAZFREE

Fig. 1 Schematic plot of stress-state equation
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Cam-clay and modified Cam-clay models
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and the density-state parameter ¢,
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Fig. 14 Undrained triaxial test data and model predictions

of normally consolidated Karlsruhe kaolin clay""
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