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An incremental model considering the effect of rotation of principal stress axes

WAN Zheng, QIU Rendong, ZHAO Xiaoguang
(Research Institute of Base and Foundation, China Academy of Building Research, Beijing 100013, China)

Abstract: In order to explore the deformation of soil due to the rotation of principal stress axes, the following
ideas are adopted to establish a model. (1) The results of single shear test on two dimensional aluminum rods are
analyzed. The relationship of the ratio of the shear stress to the normal stress(shear stress ratio) with the shear
strain is similar to the hyperbolic curve. The Weibull function is adopted to describe the relationship of shear stress
ratio and shear strain which describes both the strain hardening and softening. (2) An implicit function about the
shear strain is established by combining the shear stress ratio equation in Mohr’s circle and Weibull function.
There are three factors influencing the shear strain, including the mean stress p under isotropic or deviatoric
compressions, the mobilized friction angle ¢,, corresponding to the general deviatoric stress state and the half of
angle « between the shear stress and larger principal stress axe. (3) An incremental equation about the shear strain
and shear stress ratio is established by differentiating the above implicit equation. A two dimensional incremental
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constitutive equation is established by combining the above stress ratio equation and Rowe dilatancy equation. A
three-dimensional incremental constitutive equation is derived by expanding the above model adopted by SMP
criterion. The compression hardening, shear shrinkage, shear dilation, hardening and softening are reflected in the
proposed model(WB). A general stress-strain relationship considering the rotation of principal stress axes is thus
derived. The applicability and rationality of the proposed model are verified by comparison of the experimental

and calculated results.

Key words: soil mechanics; single shear; shear stress ratio; strain softening; dilatancy equation; principal stress
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Fig.1 Relationship of shear stress ratio and shear strain of
single shear test for aluminum rods of two dimensions
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Fig.9 The decomposition of general stress for an element
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do, = D;,dg;, = D;, (d¢, —dej ) = Dy, de,, — Dy, de;,
(57)

do, = D, d¢, - D;,C,,,do,, (58)

do,, =(4,,, + D;,C,,.) " D;,de, (59)

D, = (4,,, +D;,Cp..) " Dy (60)
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Table 1 Model parameters

ki p/kPa Ry Ry V., ke ks e ce ¢
60 6 205 2 10 2 0.3 0.0060 0.0015 05
2 06 1.05 10 18 56 0.0050 0.0015 05
0.4 15 1.60 15 08 12 0.0010 0.0002 0.8
3000 289 2.05 12 10 84 00050 0.0015 05
1200 28 250 30 56 1.3 0.0008 0.0002 0.5
3400 21 250 30 56 13 0.0008 0.0002 0.5
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