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Dynamic shear modulus and damping ratio of saturated clay
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Abstract: The apparatus for static and dynamic universal triaxial and torsional shear tests was employed to perform cyclic
torsional shear tests and coupled vertical and torsional shear tests on soil under unconsolidated-undrained conditions. Through a
series of tests on saturated clay, the effect of stepped loading history and coupled cyclic stress on dynamic shear modulus and
damping ratio under large strain (>10”°) was examined. It was indicated that the stepped loading method could be used to
determine the dynamic shear modulus and the damping ratio since the initial backbone curve, dynamic shear modulus and
damping ratio obtained from single-step loading tests by use of many clay samples were consistent with those obtained from
stepped loading tests by use of one clay sample. There was an obvious effect of cyclic axial deviatoric stress on the obliquity of
stress-strain hysteresis loops as well as on the dynamic shear modulus and the damping ratio. Especially under the low cyclic
torsional shear stress, the increments of dynamic shear modulus seemed to be controlled by the magnitude of axial deviatoric
stress. The variations of axial stress-strain hysteresis loops were complicated due to the influences of cyclic torsional shear
stress.
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Table 1 Physical properties of the clay samples
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Fig. 1 The idealized stress-strain hysteresis loop
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Table 2 Cyclic stress grading

R I Ik TR i
G 'S 7. /S, PH RV N
1-1 0.09 1 100 1
1-2 0.18 1 100 2
1-3 0.27 1 100 2
1-4 0.36 1 100 1
1-5 0.45 1 100 2
1-6 0.54 1 100 2
1-7 0.63 1 14 1
2-1 0.09~0.63 7 10 2
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Fig. 2 Comparison of the hysteresis loops obtained from stepped

loading and single-step loading tests
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Fig. 3 Peaks and backbone curves of hysteresis loops
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Fig. 4 Percentage of decrease of dynamic shear modulus with

increase of cycles of load
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Fig. 5 Dynamic shear modulus versus shear strain amplitude
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Fig. 6 Damping ratio versus shear strain amplitude
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Fig. 7 Stepped cyclic loading
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Fig. 8 Stepped loading process in coupled cyclic shear tests
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Fig. 9 Cyclic shear stress- strain hysteresis loops of stepped

loading in coupled cyclic shear tests
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Fig. 11 Dynamic modulus versus shear strain amplitude

0.5

04+~ —o— ML (1)

—— fEELA (2)
—— R (3)
03+  —=— MIERELL (4)
0.2+~
011 j . ) J
0.1 1 10
%4l%

E 12 PHE BN TREMT L

Fig. 12 Damping ratio versus shear strain amplitude
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