SEPNE T SN

Journal of Zhengzhou University ( Engineering Science )

BEZSSHLHMHB T mER

s, T—W, K, K

®, FRk, BhE, Bek

(N2 Ik 5 28 Sl 24 Be , T g AR 450001)

W E.AABL; 2o A THRELAREY AALASZORBALERNR, R WA AMER S 42 EF B L
BrLAES EAERBEARBEALELS A LM AR BB RE BERAMEFL AT H, AR ATRIRGE
WLAABKRTRAGERRE F A, NETRSRARAELSEE TG TR, FBTBESLATG AL ILRA
EARTHARAZAZE ZLT - ANEATREALSCABLAFTAGRAMER, Rt KA B GRS
BA S AT T LR B &k £ fe Speciwhite 2% L ERF A A SR BB EHE T RBERRT REZLER
MEXBEZER, BIELREAN . ZEARBEAMBRILE T RAALRZEZLL D EFHREIEBRITAH, AR FZHIL
ETFTARGAEALFHRBREBLIAGL  RTFLFMNTARE L Mo ERILBRKESEHT, ZRELE
Y-t 55 Speciwhite @3 209 8 A 8K K R H A A B AR KR HE R R E WG IR AL,

XKER. SR, AMER,; REL,; TKkHE; ZR@OHER,; RFERATRE

R E S5 . TU431;TU447 X HERFRAERD A

T JEE LA TP T 3z o0 A 2 o A RS DR R B I
TERIE BB o' . PR R, & 58+ AA
TR S5 A5 H - O LR O 30 A 1 0 A
S, BLHAR ARG B R T BALB AR S
R GEAR A AN - A R 22 IR AR AN ], & <R LR
A SRR AR LR 0, K AR PR 5 i 22, B i< - AR
HEEME AW R E AT, SR L P
FLBK M B BB AR 51 R R B4,
i A 2R O R I HEK B, T T
LA AN HE KT BY 58 B 5 55— D7 T, S HOR R A7
TE 230 VA A S8 P 5 77 A S R 5 ) o A1 HG R 2
TRPTBIEREE T SR LA AR S
SR U TS DUAR M 4 g A PR BT, 3 m] BB 75 A V6F JFG Ml 3
SRR R BB e 55 I X g VE TR Al M
017 S

LR Ab Syl RE U2 AL B R 30 4F A 3R [ 7R F i
Vb X R e il b KR I A X
PR T2 2 i TR IR A Rl 2 M B, 7R R AR DR T

5 B #3:2026-02-02; &7 H 1 :2026-03-16

doi: 10. 13705/j. issn. 1671-6833. 2026. 06. 009

TR 1107 2 N I 2 M 2 S R T, DA 4 )2 %
i LA AR AR I 4 R R
HEZ S8 LB LU MG | e (R 8 32 g A6 R i, 7 BT UIAE
FHTR 5 0 B 722 9 A0 A0 0 JiKk B, g 2 Wi Ry B R 52
N S ECR (ke o s DK € R N TP0)
ML S R L R, X R Y R 2R Ae TR
5B AR ] A AH AR 52 e A R g S e
BARREE

FEE A BT, Wheeler™ ¥ 78 T <012 %
MG I T & AR £ ASHE KPR 5 B 0 R Y
{E;Hong %[SJEﬁXE%ﬂﬁ%%i%iﬁgﬁ,%iﬁ
TR URFLBR K R ) % AR & B A HE K BT U147
(RS20 48 78 A I T3 3 R O L R K g B
B - VRGBT IR B HL 5 Gao 117 BE T IE S MR
BERIHESR  $2 T — A3l ] T AR 3 [ 45 & R
I SR ASREAY |2 AR B BE A AR AR IE 7[5 45 5% <
R AT g B T A5 RS TR 3 TR
AR AN 2 i Al T 0 iR B2 | L JIC 12 4l AR

HEEWMB . FHRARB AT H (52578540) ;7R 4 H SRR 2% 5L 4 5% B 00 H (242300420401 ) ;0] 7 44 13 S5 24 18
FUBHIEI H 3R (254560008 ) ;00 B 48 BB BOCT H (262102241002)
TEE RN B (1975— ), T IdbAh e M K82 L M LA SN, FENETELZ2 5P IS5 H R

5% , E-mail ; zhong_yanhui@ 163. com,

BEEE A (1993— ) 55 RIEVT N M 2 YFI , 1, 32 BN AR BR A 1 ACH 5C R AT 5T, E-mail: hongjiancai @

zzu. edu. cn,



MK 2l (0 2 R

AL S YK I G M LUK B 1l A 8 R 25 & R B
I RRVE S BUS , Cai B4R I T — AN R 45 AL
JOE M I 8 A N ) A0 S TR Y L i R AT ik =
A A B AR e [ 235 R R B i AT Ay 5 e ) B
BRICER Pt A m] B e OB Ol [ 2R s
SRR A A KR RY | oF AT 5 T TR RO A9 AR E 5
LZERAEEEL,

(b) MR EE
1 SAREHETREMSEERET
Figure 1 Variation of gas bubble and cavity during

bubble flooding
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Figure 2 Prediction for the stress path for

q/kPa

overconsolidated gassy clay by MCC
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Figure 3 Modified yield surfaces with various

«a and B values
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Figure 7 Comparison of test and prediction of stress path of Malaysian kaolin gassy at different u , and S,
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Figure 8 Comparison of test and prediction of stress-strain relationships of Malaysian kaolin gassy at different u_,
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An Improved Bounding Surface Model for Overconsolidated Gassy Clay

ZHONG Yanhui, WANG Yifan, CAI Hongjian, ZHANG Bei, LI Xiaolong, HAO Meimei, ZANG Quansheng

(School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China)

Abstract : Gassy clay is widely distributed in soft clay deposits and often exhibits significant overconsolidation char-
acteristics. However, most existing constitutive models were developed for normally consolidated clay, making it
difficult to accurately describe the complex mechanical behaviors of overconsolidated gassy clay, such as peak
strength and strain softening. Therefore, based on bounding surface theory, a shape adjustable yield surface equa-
tion was introduced, and a dilatancy equation reflecting the variation in the degree of overconsolidation was con-
structed. By coupling the bubble damage effect with the bubble flooding effect induced by pore water pressure, a
constitutive model suitable for the mechanical behavior of overconsolidated gassy clay was established. Using the
proposed model, theoretical predictions of undrained shear strength were compared with experimental results for Ma-
laysian kaolin and Speciwhite kaolin under different gas and overconsolidation characteristics. Validation results in-
dicated that the model accurately captured the strength enhancement behavior dominated by the bubble flooding
effect at low pore water pressures, as well as the strength degradation phenomenon dominated by the damage effect
at high pore water pressures. Furthermore, it effectively predicted the stress strain relationships, effective stress
paths, and the evolution of undrained shear strength for Malaysian kaolin and Speciwhite kaolin under varying over-
consolidation ratios, initial degrees of saturation, and pore water pressures.

Keywords: Gassy clay; Constitutive model; Over-consolidation; Dilatancy relation; Bounding surface model; Un-

drained shear strength



