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Abstract: In practical geotechnical engineering, widely used strength criteria include the Mohr-
Coulomb, Drucker-Prager, and Matsuoka-Nakai criteria. These guidelines define the laws that
should be obeyed by the stress on a certain spatially mobilized plane when geotechnical materials
are damaged. These planes have different characteristics. The spatially mobilized plane of the Mo-
hr-Coulomb criterion is orthogonal with large and small principal stress planes,and the angle be-
tween the major principal stress planes is 45°+¢/2.1t is assumed that the ratio between the shear
stress and the normal stress on the plane is constant;then,the Mohr-Coulomb criterion can be ob-
tained. The Drucker-Prager criterion describes the law that should be obeyed by the principal
stress on an octahedral plane when geotechnical material is damaged. That is, the ratio between
shear stress and normal stress on an octahedral plane is constant when the geotechnical material is
damaged.The plane with the same normal stress is orthogonal with the tendency of geometric
space,and the angle between the axes is the same.If a corner of the orthogonal hexahedral princi-
pal stress unit is located in the origin of the axes of a three-dimensional geometric space, then a
45°angle is present between the sliding surfaces in the space of three orthogonal planes intersec-
ting the line with the axis.Based on the Mohr-Coulomb criterion, the Matsuoka-Nakai criterion
presents a spatially mobilized plane (SMP)with non-fixed normal stress.The SMP is changed with

the changes in principal stress. The intersection between the unit of main stress in the spatially

mobilized plane and the axis of three-dimensional geometric space is respectively /o, ,& +/o, and
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k /o ,if the intersection is respectively & ( /o1 )" <k (/5. )" and & ( /o5 )".Then, the spatially mo-
bilized plane can be expanded to different dynamic spatially mobilized planes and different spatial-
ly mobilized plane strength criteria.On the basis of true triaxial tests on sand and the traditional
principle of the spatially mobilized space,a variety of dynamic spatially mobilized spaces and ap-

propriate strength criteria have been introduced. In this paper, the first-power dynamic spatially
mobilized plane(s), the quadratic-power dynamic spatially mobilized plane (+/o ), and the third-
power dynamic spatially mobilized plane(%)are proposed. The essence of the quadratic dynamic

spatially mobilized plane(+o )is same as the Matsuoka-Nakai criterion based on the SMP.If the ra-
tio of the shear stress and normal stress on the surface of the dynamic spatially mobilized plane is
equal to constant and has the same shear strength criterion as the axisymmetric triaxial compres-
sion failure of the Mohr-Coulomb criterion,the criterion of dynamic spatially mobilized plane can
be obtained.On the basis of the true triaxial test data of sand,comparative analysis of the theoreti-
cal strength and the traditional strength as well as the newly established strength criterion and
the actual strength of true triaxial test data is conducted. Through the analysis and comparison,
the quantitative strength error of each criterion is determined.Comparative analysis shows that for
the sand under complex stress conditions, each criterion can reflect certain regularity. However,
certain errors are present,and the constant term changes with complex stress Conditions.The%)

dynamic spatially mobilized space strength criterion showed the best consistency.

Key words: sand; true triaxial test; spatially mobilized plane; strength criterion; adaptability
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Table 1 The parameters of soil under the true triaxial test
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Table 2 The basic parameters of sand s0r bR0.5 =#mh=0.75
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TR/ (g cm ™) MIXERE SR MBRE EEM/O 0 ‘ ‘ ‘ ‘ ‘ ‘
1.58 0.60 2.01 0.95 47.15 8000 >0 100 Iop, 00 20 300
v i [ (a) o BNE& TR E
L 4 10 e, 12T LR iy 6 7 K [7) PR . v oSEREEEE
RN . . i F =R 2 RIE T
T K e B A 1 Bk R AL £k O ELBE <ol -
BRI o B K, ge. N7 AR Bl 2R Wi 53500
Fas  BDGCOTSR R, KBRS
N N N N e 400
RN OE N =S A B A (R ND R s ol S E i
N SN 300 -~ -~
FERAE AR WG K (¢ AW RO . ——)=0.0 —==b=0.25
50001 200 —a—h=0.5 = Hh=0.75
—x—h=1.0
45001 Mohr-Coulomb 100+
4000[ 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| 0 100 200 300 400 500 600 700 800
3500 700 o/kPa
£ 3000f (b) Yo BRI B H
% - 600 [ Osup ~Tsup
2300 —— 00 —=— b=0.25
2 000f < 500
—A— p=(0.5 —%— b=0.75 g
1500} > 400
1 000l —x—b=1.0
500l 300
0 ‘ ‘ ‘ ‘ 00| ——b=0.0 —=—p=0.25
0 1000 2000 3000 4000 ——p=0.5 —%p=0.75
p/kPa 100 | —*—b=1.0
CIRERIEN 3 SR S VR EIN ) O 100 200 300 400 500 600
Fig.4 the stress-strain curves of sand under the true tri- o,/kPa
axial test (c)Vosh& = RIF M
Noh A E B BN
4 BEEDETEBHELNEABE Ao SRABSERE AL R AR E
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Table 3 The strength criterion constant changes with differ-

ent b values
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L-D M M-CHEM o W ol Yo
0.00 90.37 1.94 0.55 0.99 1.05
0.25 83.50 1.70 0.79 1.06 1.02
0.50 82.13 1.40 0.95 1.17 1.03
0.75 81.32 1.28 1.00 1.21 1.03
1.00 100.89 1.28 1.09 1.42 1.17
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