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Resonant column test error analysis for dynamic shear modulus ratio
and damping ratio of sand
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Abstract: To acquaint the testing errors of nonlinear dynamic shear modulus ratio and damping ratio using the
prevailing resonant column technique, two typically representative test groups, i.e., a general group and a
professional group, are designated. The error distribution and the relevant statistic characteristics of dynamic shear
modulus ratios and damping ratios of sand are systematically studied on a single resonant column apparatus. The
testing results indicate: (1) the test data of nonlinear dynamic shear modulus ratio and damping ratio of the two
groups are normally distributed at different characteristic shear strains, and the variability indices are closely
consistent for the two groups; (2) the mean values of the two groups are similar while the confidence interval of the
general group is particularly larger than that of the prefessional group with a coefficient of variance 5 times larger
than that of the professional group; (3) the coefficient of variance of shear modulus ratio is remarkably smaller than
that of damping ratio. On the current testing technique of resonant column apparatus, the test accuracy of shear
modulus ratio and damping ratio on sandy samples by an experienced individual can be quite satisfactory but on the
other cases the testing error cannot be neglected that parallel tests should be performed and the testing skill of the
operators should be improved.
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Tab.1 Physical indicators of the standard sand
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Fig.1  Test results of shear modulus ratios and damping ratios
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Fig.2 Frequency distribution and test results and P — P of test results for shear modulus ratio and damping ratio at strain of 107*
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Tab.2 Normality test of P value at strain of 10~ using SPSS
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Tab.3  Error analysis results of dynamic shear modulus ratio
AW Sitdeir

5x107° 1x1073 5%107° 1x107* 5%107 1x1073 5x1073 1x1072

Bkl 0.998 5 0.996 7 0.982 0.964 3 0.8429 0.728 2 0.348 7 0.211 2

/MY 0.991 6 0.981 3 0.906 2 0.827 1 0.486 9 0.3215 0.086 5 0.045 2

¥{E 0.996 4 0.992 0.958 3 0.919 8 0.703 0.548 5 0.204 5 0.115 3

Ham Prifi2 0.001 6 0.003 6 0.017 8 0.032 5 0.087 8 0.101 9 0.065 5 0.041 1

5 RE % 0.16 0.36 1.86 3.53 12.49 18.57 32.02 35.62
—fEbREZE TR 0.994 8 0.988 5 0.940 5 0.887 3 0.615 2 0.446 6 0.139 0.074 2

— A2 R 0.998 0.995 6 0.976 1 0.952 3 0.790 8 0.650 3 0.270 0.156 4

PN 0.997 2 0.993 7 0.966 8 0.935 0.740 6 0.587 8 0.221 8 0.124 7

e/ ME 0.996 2 0.991 4 0.955 0.913 0.675 5 0.509 8 0.172 1 0.094 1

¥IfE 0.996 7 0.992 7 0.961 3 0.924 7 0.709 4 0.549 7 0.196 5 0.109

Lokl bRz 0.000 3 0.000 6 0.003 1 0.005 8 0.017 1 0.020 5 0.013 0.008

A2 5 2B % 0.03 0.06 0.32 0.63 2.41 3.72 6.61 7.33
— AR A2 TR 0.996 0.992 0.958 0.919 0.692 0.529 0.183 0.101
— bR R 0.997 0.993 0.964 0.931 0.727 0.570 0.209 0.117
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Tab.4  Error analysis results of damping ratio
RNy ESRA =g

5x107° 1x107° 5%107° 1x107* 5x107 1x1073 5%1073 1x1072

SN 0.024 7 0.029 5 0.050 6 0.063 4 0.113 0.141 3 0.181 8 0.194 3

/M 0.001 3 0.002 4 0.009 1 0.015 6 0.041 5 0.050 8 0.065 2 0.067

¥ifH 0.008 2 0.011 1 0.023 3 0.0323 0.064 7 0.081 9 0.113 6 0.120 9

A Prifi 2 0.006 3 0.007 4 0.010 2 0.011 6 0.018 4 0.023 3 0.034 1 0.037

5 RE % 77.32 66.43 43.55 36.01 28.47 28.43 30.02 30.59
—fErfEZE TR 0.0019 0.003 7 0.013 2 0.020 7 0.046 3 0.058 6 0.079 5 0.083 9
—fEbRifEZE LI 0.014 5 0.018 5 0.033 5 0.043 9 0.083 2 0.105 2 0.147 7 0.157 9

B 0.011 7 0.016 9 0.026 2 0.033 5 0.061 7 0.077 0.104 7 0.110 7

/M 0.005 8 0.010 1 0.018 3 0.025 4 0.048 4 0.056 3 0.069 2 0.071 8

¥IfE 0.008 4 0.013 5 0.022 8 0.030 5 0.055 6 0.067 7 0.087 8 0.092

Lol PRz 0.001 5 0.001 7 0.001 8 0.001 9 0.004 3 0.006 1 0.009 9 0.010 8

A5 5 ZB % 18.00 12.58 7.81 6.32 7.64 9.04 11.26 11.72
—frdEZ T 0.006 9 0.011 8 0.021 0.028 6 0.051 4 0.061 6 0.077 9 0.081 2
—fEFRifEZE LR 0.009 9 0.015 2 0.024 6 0.032 5 0.059 9 0.073 8 0.097 7 0.102 7

L 5 b2 A A5 R AR e H T

\‘,\Té:l: — ME 2\
Wi 55 R B W AT B (2 K AT R R 2. 4L 5 % M 4L R+

51 HMERHEERRE 0 )k LRI BELJE L B0 49 0 0 22 19 95% 05 X
EMET S, T sl 5y DI ek 2 e H 3 B/~ T35 FIZ 6.
x5 HYIRELBHEREN SPEEXE
Tab.5 The confidence interval of the averaged shear modulus ratio with 95% deviation %
N | BEFEX
5x107° 1x107° 51073 1x107* 51074 1x1073 5x1073 1x1072
i -0.05 -0.12 -0.62 -1.19 -4.17 -6.20 -10.71 -11.88
— HE TR
BiE LR 0.06 0.12 0.62 1.17 4.17 6.18 10.66 11.88
Ly HE TR -0.01 -0.03 -0.14 -0.25 -0.99 -1.53 -2.75 -3.03
G LRR 0.01 0.02 0.14 0.26 1.00 1.53 2.70 3.03
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Tab.6 The confidence interval of the averaged damping ratio with 95% deviation %
o Y AR
R A X (A
5x107¢ 1x1073 5x1073 1x107* 5x1074 1x1073 5x1073 1x1072
[ HE TR -25.61 -22.52 -14.59 -12.07 -9.58 -9.65 -10.21 -10.34
gl HELRR 25.61 22.52 15.02 12.07 9.74 9.65 10.12 10.34
1 HiF TR -7.14 -5.19 -3.07 -2.62 -3.06 -3.69 -4.67 -4.89
el HiG LR 7.14 5.19 3.07 2.62 3.24 3.69 4.67 4.78
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Fig.3 Mean values, standard deviation and envelopes curves
for dynamic shear modulus ratio and damping ratio
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Fig.4 Relationships of standard deviation and variation coefficients
of shear modulus ratio and damping ratio with respect to
shear strain
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Fig.5 Relationships of standard deviation ratios and variation
coefficient ratios of shear modulus ratio and damping
ratio with respect to shear strain
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Fig.6  Comparison between the variation coefficients of shear
modulus ratio and damping ratio
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