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Cumulative deformation of saturated soft clay subjected to cyclic
rotation of principal stress axis
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Abstract: The magnitude and direction of the principal stress of roadbed soil element will chang simultaneously under traffic
loading. The traditional model based on tri-axial cyclic loading test data can not reflect the phenomenon of the principal stress
rotation. After the axial stress-controlled equation and the circumferential shear stress-controlled equation are derived, a series
of consolidated undrained cyclic shear tests are performed under the condition that the value of the general shear stress is
constant and the principal stress angle is rotating. At the same time the cyclic torsional shear tests are performed under the
condition of K, consolidation. The element affecting the plastic accumulative strain is analyzed. The test that the value of the
general shear stress is constant and the angle of the principal stress is rotating is equivalent to those that the static deviatoric
stress and dynamic stress are different. The explicit strain model in the 12" reference is verified to calculate the accumulative
strain caused by the cyclic loading of the principal stress axis.
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Fig. 1 Forces acting on a hollow cylinder
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Fig. 2 Theoretical curves of axial stress and circumferential shear
stress in dynamic hollow cylinder tests under constant
deviatoric stress
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Table 1 Summary of dynamic hollow cylinder tests with cyclic rotation of principal stresses (isotropic consolidation)

ez 0% C Toas a O T20d 0 q BIC)
/kPa /kPa /kPa /kPa /kPa /kPa /kPa /kPa /kPa

100 100 10 0 10 -1.4 2.9 5.2 10 -15~15
100 100 10 0 10 -5.0 5.0 10.0 10 -30~30
100 100 10 0 10 -10.0 5.8 14.1 10 -45~45
100 100 10 0 10 -15.0 5.0 17.3 10 -60~60
100 100 15 0 15 -75 75 15.0 15 -30~30
100 100 20 0 20 -10.0 10.0 20.0 20 -30~30
150 150 15 0 15 -75 75 15.0 15 -30~30
200 200 20 0 20 -10.0 10.0 20.0 20 -30~30
200 200 20 0 20 -20.0 115 28.2 20 -45~45
200 200 20 0 20 -30.0 10.0 34.6 20 -60~60

*2 EIAAE EFEELE K, =07, " XHERHZTWL)

Table 2 Cyclic torsional shear tests (anisotropic consolidation K, =0.7 , variation of generalized shear stress)

*

O3 o Oy 1:65 q: O T304 Oy q BIC)
/kPa /kPa IkPa /kPa /kPa /kPa /kPa kPa /kPa

100 142.86 0 0 0 0 10.0 173 42.8~46.2 -125~125
150 214.29 0 0 0 0 15.0 25.9 64.3~69.3 -125~125
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200 285.71 0 0 0 0

20.0 34.6 85.7~92.4 -12.5~125
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Fig. 3 Theoretical and experimental curves of axial stresses and circumferential shear stresses in dynamic hollow cylinder tests under

constant deviatoric stresses
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Fig. 4 Experimental curves of principal stress angles and shear stresses in dynamic hollow cylinder tests under constant deviatoric stresses
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Fig. 5 Relationship between plastic cumulative generalized shear
strain and number of cycles in dynamic hollow cylinder

tests under constant deviatoric stresses
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Fig. 6 Relationship between plastic cumulative generalized shear
strain and number of cycles in dynamic hollow cylinder
tests under constant deviatoric stresses
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Fig. 7 Relationship between plastic cumulative generalized shear
strain and number of cycles in dynamic hollow cylinder
tests under constant deviatoric stresses
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Fig. 8 Relationship between plastic cumulative generalized shear
strain and number of cycles in dynamic hollow cylinder
torsional tests
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Table 3 Value of D] in dynamic hollow cylinder tests under

constant deviatoric stresses
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Uéc O-l'c ° q: Oy *
/kPa  IkPa AIC) /kPa  /kPa B
100 100 ~15~15 10 52  0.086
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100 100 ~45~45 10 141 0234
100 100 -60~60 10 173 0.287
100 100 -30~30 15 150 0271
100 100 -30~30 20 200  0.397
150 150 -30~30 15 150  0.166
200 200 -30~30 20 200  0.165
200 200 ~45~45 20 282  0.234
200 200 -60~60 20 346  0.287
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Table 4 Model parameters
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Table 5 Value of D; in cycle torsional test under K, -
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pé O-;c / O-lrc ﬂ /(o ) q: qd *
/kPa  kPa  /kPa /kPa /kPa ¢
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Fig. 12 Relationship between plastic cumulative generalized shear

strain and number of cycles in dynamic hollow cylinder

tests under constant deviatoric stresses
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Fig. 13 Relationship between plastic cumulative generalized shear
strain and number of cycles in dynamic hollow cylinder

torsional tests
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