BT B LI/ N AN T Vol. 57 No. 11
2025411 ] JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Nov. 2025

| e A1 S 18 1+ O I Tt 75 5 BT B 1

% T E R RREEPR?
(1. [T RFE AT RSB, i 200092 ;2. LB TR G BE () A RAF, L 200092)

W OE NBrEWB AR RE NG RR SRR - kX R B RS, TR T E & 0 ~367.54 MPa B %
WA ZHARE, AT T W RS M R A& R A -k b & (D-n %,D K R 3, m b R ) By R AL,
KAP—WUFED-/M)G—TARBRIFHTEHREA-TRXFZ, REERZW . YR AR L - HEE, BE LHIER
RE BEMMA-HRXZHTBEER A HATEL; SR DT ZEE, i g £ ls RRAL A MR B #E
WA, TR SRR -F R B (o-p T P ARSENNFEZ BN AT RS T, RO RTHEN I tEHE L
B R A -F kR R B D-m s RN AL R B A R R R A STk R E AR R R IE T H A AR AR M By,
MREKNA-TRKXRRTA D-/M R ZH#HATH M, FARERZW, FHglh LE RABENNIETRSEMAA
A B ERAE, R MR A - KR R R A MR ARG — i, BT ERER B ESIRAEE MR -5 ik
RIHATT I, R F R AIETN R A AL, ) B A a B WA £ A AR iy R AR T # 0 LR IR 5 R
KGR AL A I R A AR I AT A

hESES, TU375 XERFRERS . A XEHS: 0367 —6234(2025)11 —0022 - 11

Critical state and dilatancy characteristics of an unsaturated kaolin
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Abstract; This study investigates the critical state characteristics of kaolin across a wide suction range and clarifies
their role in governing stress-dilatancy behavior. A series of constant-suction triaxial tests covering suctions from 0
to 367.54 MPa were performed to examine the evolution of the critical state stress ratio M, the critical state line,
and the stress-dilatancy curves (D-n, where D is the dilatancy rate and 7 is the stress ratio). A normalization
approach (D —mn/M) was further employed to unify the stress-dilatancy relationships under different suction
conditions. The results reveal that when suction exceeds a certain threshold, the critical state, shear strength, and
stress-dilatancy behavior of kaolin cease to evolve with increasing suction. Below this threshold, M increases
significantly with suction, while the slope of the critical state line in the v-p’ plane is only marginally affected. With
respect to dilatancy, suction and net mean stress exert little influence on the slope of the D-n curves; instead, the
principal effect of suction arises from its control of M, which enables normalization of the stress-dilatancy
relationship as D—1n/M. The findings demonstrate that the evolution of the critical state in unsaturated kaolin
exhibits a distinct threshold feature and that the influence of suction on stress-dilatancy behavior can be consistently
interpreted through changes in M. Building on this understanding, a modified stress-dilatancy equation within the
framework of the Modified Cam-Clay model is proposed, which provides reliable predictions of suction effects and
offers new experimental evidence and theoretical support for the development of constitutive models of unsaturated
soils over a wide suction range.
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Fig. 1 Particle size distribution curve of kaolin mixtures
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Fig.9 Influence of suction on strength parameter of kaolin
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