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A rotational plastic potential model and non-associated plastic flow rule

XU Ri-qing""?, JIANG Jia-qi"*2, FENG Su-yang!? JU Lu-ying!2
(1. Research Center of Coastal and Urban Geotechnical Engineering, Zhejiang University, Hangzhou, Zhejiang 310058, China;
2. Engineering Research Center of Urban Underground Development of Zhejiang Province, Hangzhou, Zhejiang 310058, China)

Abstract: In order to accurately describe the evolution of plastic strain for soft soil, an improved plastic potential theory is proposed,
in which a plastic potential surface with an inclination angle y is employed. In addition, the plastic potential function shares the
same form as the yield function. During deformation, the plastic flow direction varies following the rotation of the plastic potential
surface until the limit state is reached. By analyzing the results of conventional triaxial tests, it can be found that during the shearing
process, the initial and final values of the rotation angle of the plastic potential surface y, and y, , are basically stable and independent
on the confining pressure. Considering such observations, a normalized rotation angle " and a state parameter & describing the
stress state of the soil are introduced, in the case that the egg-shaped function is used as plastic potential function. A piecewise linear
relationship can be obtained. Then an improved plastic flow rule is established, only two additional parameters are required. Finally,
the proposed plastic flow model is verified, and the results show that the trend of plastic strain can be reflected well in this model.
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Table 1 Physical and mechanical properties of soil
B OFKEw MXEE B w, B BESER BORR
JKN s m?) /% G, % % I, Tt M
18.6 42.7 2.73 45.6 24.7 20.9 1.33

IR EIB R, S EAEAE105°C NRET
TEREIIE 0.5 mm Fii & H . WFE S N 80.0 mm, H
%8 39.1 mm, RHEHFEEGIRE, 70 4 BERIET L.
BFE AT AE FLIR LEAE HITE e, = 114 Bl J oK il 25 4
FI R BCFE B 2 W AR R 3 A T e S A

=HRIG R K. GDS FruEN 145 = 4l
A EBEAT, AUl N E B S HPK RS, LT
BRI IR 23504 25+ 50, 100, 200 400 kPa %5 5 41
=R . RIS B e xR AT R A, R
J£4 300 kPa, M1 58 B AT AL LR K e 70 22 8
(BAED fill, 4 B F2E7E 0.98 LA BB A RFE IR
A, JreIEATE 4 . BYUIR FHARKET IS, H
Iy n#AzE], 1#Z5N 0.08 kPa/min.

Bl 1L 2 900lga 17 5 AHAREE 0 f 8 g~k 1] I8
A AR AR n) R AR 00 R 4, W DU B
ATk R S0 AR A AY DA A BT e

900

[ "
800 | m25kPa . XX
700 | 0 50 kPa x
. <100 kPa o X
San SRR L
x
0500 | § oxx o o
'5 400 | 6000 °
&30 XX <><><><><> a4 <
200',22"‘659 <<<<<<<<< q
< o O
100 B “"qéggé’?:"nou"nou: no o o
0 goof -

0 2 4 6 8 1Io 1I2 1I4 1'6 1'8 2Io
TR & / %
B FEEHK =GN - AR K A& i 2R

Fig.1 Stress-strain curves of CD test
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Fig.2 Relationships between volumetric strain and
axial strain in CD test
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Fig.3 Illustration of plastic flow direction
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Table 2 Calculated values of rotation angle y (°)

o,=25kPa o0,=50kPa o,=100kPa o, =200kPa o, =400 kPa

vVyi) vy WV y O vy IO Yy IO
121 813 151 818 160 795 141 774 1.13 776
1.18 473 133 327 135 284 124 331 094 155
.10 200 1.14 113 106 4.69 107 114 0.77 -20.0
099 -34 096 -194 083 -23.1 092 -139 062 -294
0.84 -248 0.73 -30.6 0.64 -312 0.70 -30.8 049 -34.7
0.66 -37.5 0.57 -39.0 047 -402 0.60 -40.0 039 -40.7
0.51 -45.6 044 473 036 492 045 -46.6 027 -443
038 -532 031 -513 024 -542 031 -52.0 022 -48.6
026 -585 0.19 -56.8 0.13 -56.4 0.14 -56.1 0.17 -554
0.15 -60.6 0.10 -59.1 0.09 -588 0.07 -58.6 0.10 -55.9
0.05 -65.3 0.02 —60.8 0.05 —60.8 0.04 -60.8 0.05 -57.5
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