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Theoretical discrimination for determining dynamic shear modulus and
damping ratio of soils by resonant column test
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2. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China)

Abstract: The resonant column testing is the widely used test to determine the dynamic shear modulus and damping ratio
of soils. In this study, the specimen in a resonant column test is modeled as a viscoelastic cylinder with a fixed bottom and
a mass for the excitation and measuring transducers attached on the top, and the amplitudes of the torsional angle, angular
velocity, and angular acceleration versus frequency at the top under steady-state forced vibrations are introduced. Then, the
peak-frequency formulas of these three curves are deduced and the calculation methods in Chinese standard for geotechnical
testing method (GB/T 50123—2019) are discussed in order to more accurately calculate the dynamic shear modulus, shear
strain amplitude and damping ratio. Moreover, the method to choose signals for determining the damping ratio in a resonant
column test with free vibration is also discussed.
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Fig. 1 Mechanical model of torsional vibration for

resonant column test
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Table 1 Squared peak frequency ratios of the amplitude-

frequency curves for torsional angle and angular
acceleration of specimen
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Fig. 2 Half power points for the soil damping ratio
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Table 2 Exact values of the frequency ratio at half-power
point of the amplitude-frequency curve for torsional
angle of the specimen

A ./, f,/f,,
0.025 0.975 1.025
0.050 0.948 1.049
0.075 0.921 1.073
0.100 0.893 1.097
0.125 0.863 1121
0.150 0.830 1.145
0.175 0.796 1.169
0.200 0.758 1.194
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Table 3  Exact values of the frequency ratio at half-power

point of the amplitude-frequency curve for angular
velocity of the specimen in torsion

A Ri R>
0.025 0.975 1.025
0.050 0.951 1.051
0.075 0.928 1.078
0.100 0.905 1.105
0.125 0.883 1.133
0.150 0.861 1.161
0.175 0.840 1.190
0.200 0.820 1.220
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Fig.3 Schematic curve of rotation angle versus time for

specimen under free vibration
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