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Three-dimensional rheological model for double-yield surface based on
equivalent time
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Abstract: In order to describe shear contractibility, dilatancy and rheological properties of soils, Yin-Graham’s equivalent time
method is used to derive a three-dimensional rheological model for double-yield surface. Firstly, Yin-Graham's
three-dimensional rheological equation is used as the first yield surface rheological equation reflecting the shear-contraction
mechanism. Secondly, Matsuoka-Nakai yield criterion is used as the second yield surface reflecting the dilatancy mechanism,
viscoplastic work is used as hardening parameter and the non-associated flow rule is adopted, the stress-viscoplastic work-time
relationship is proposed using Mesri’s modeling idea, stress-viscoplastic work-viscoplastic work rate relationship is obtained
according to the equivalent time method, and the second yield surface three-dimensional rheological equation is established
under Perzyna’s over-stress theory. Again, according to the theory of double-yield surface model, a three-dimensional
rheological model of double-yield surface is proposed by combining the two rheological equations. The classical fourth-order
Rung-Kutta method is used to compile the difference calculation program, and the numerical solution of the rheological model
is obtained. Finally, the predictions are compared with the measured values by using triaxial consolidation undrained
rheological test data of Canadian bentonite and remoulded Hong Kong marine deposits to verify the applicability of the model
in rheological tests. The results show that the model can simulate the development process of multi-stage and single-stage
loading in undrained rheological tests, and can reflect dilatancy and shear contractibility of soils.
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Zomak. W5 LR FEYE )RR 1. R
M yinlP e g, g 2.
1 R IRAR
Table 1 Physical properties of sample
HE BUK MR R EE e
IKN-m?®)  F%  JEe WEE OV, by
CB 16.46 223 994 2.70 1.609 0.3
&2 WoERSH>
Table 2 Part of model parameters
¢IC) AV kY, iV, ¥
15 0.05 0.025 0.0025 1900.77 24 0
AN RS B IR, A SO R R A AR A
BN Yin-Graham #5484, & 7 45 H T3R50 SLIIME . AL
JeEt AR T A AR A Y FHAE &2 Yin-Graham #5570 Fi{F -2
[F] KR L o
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Fig. 7 Comparison between measured and predicted results

M7 R BURIL, AR =R AR, 4
BYR J33KI , Yin-Graham #5584 T 00 (1) BY 197 45 317 36 i
N, JEEBTR ORI T 5 SR ] 22 5
K, 1% /2 H T Yin-Graham #5574 /b Jsg il 55 ik AL 1l 1)
BRI S BN N T RN I AR TR, A
SCAE Yin-Graham BE2Y LA b 580 S e Y AL 1) 55
R MR, XS m, (k—k)y » E AT
DUZRRES 2 AR E . In(W*™) ~1In(z, /1) R FR
WE 3, ZHm BE 3 b 3 FEARZEVEME m=
0.02018. HARZHUEN: (k-k,),, =0.7685, 4=0.42,
E=0.0317. 25— 8 AR R 2 50nR 3 fiis.

*3 RAUSY
Table 3 Model parameters

m (k)i E 4 t/h
0.02018 07658  0.0317 042 24
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Fig. 8 Relationship between shear strain and time
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Fig. 9 Effective stress paths in p' — g space
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Zhu PVt sxh 7 vk 5 9 I AH TR 1 (remoulded Hong
Kong marine deposits, & RHKMD) #1477 — R
= [ S A HEK AR RS, 556 £ A 400 kPa, BYR.
Fim# T AN BN . R I B g e R
4, IR 2 WA A TIERE RIS, LK S,

10 8y 3R S E -5 A58 T E 0T L 1,
11 S S BT p' - g RAEXTEEE. AE 10,

11 A L, BB T 5 R Sl &5 REBCAYI &, LR
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Table 4 Physical properties of sample

K ME R MEVV
iy tLs v,
%  FE%  ERE Y
RHKMD  48.3 98 2.66 2.216 0.3
FORESH

Table 5 Model parameters

AV, IV, vV, pho/kPa  1/h ey
0.0793  0.018  0.0025 15.2 24 0
o' m (k= k) E; A t/h

31.5°  0.0328 4.003 0.2565 0.58 24
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Fig. 10 Relationship between shear strain and time
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Fig. 11 Effective stress paths in p' - g space
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