24 4 Vol.24 No.4

2005 2 Chinese Journal of Rock Mechanics and Engineering Feb. 2005
( 150080)
6 10 10
4% 10 3
3
10%
TU 455 A 1000— 6915(2005)04— 0610— 06

RELIABILITY OF MULTIPURPOSE RESONANT COLUMN DEVICE IN
TESTING RIGID SPECIMENS

YUAN Xiao-ming SUN Jing
(Ingtitute of Engineering Mechanics China Seismological Bureau Harbin 150080 China)

Abstract The reliability of the multipurpose resonant column testing device newly developed by the Institute of
Engineering Mechanics China Seismological Bureau is investigated by testing the dynamic shear modulus of the
rigid samples. In order to obtain the dynamic shear modulus of rigid samples a revised coefficient method is
presented by using several samples with known rigidities and then the revised curves of free-vibration and
resonant-vibration are obtained. In the tests the maximum error of ten tests of free-vibration and ten tests of
resonant vibration on six kinds of steel specimens are all less than 4%. The correlation between curves of ten tests
of free vibration on the steel specimens is good. By comparison of three fitting models for the revised coefficients

the best fitting formula for the revised curves is chosen. The free vibration and resonant vibration tests for three
kinds of rigid samples with different known modulus are conducted and the maximum error between the real
values and the tested values obtained by the revised coefficient method is less than 10%. These results indicate that
the revised coefficient method and curves presented in the paper are reliable and the new device is accurate and
stable. So the device can be used for testing the dynamic shear modulus of the rigid materials in small stain range.
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1 6 3 6 10
10 Table3 Frequenciesand errorsof 10 tests of freevibration
1 | on six kinds of steel specimens
1(a) 1(b) 4 Hz
d=12 d=14 d=17 d=20 d=22 d=25
cm cm cm cm cm cm
1 68.6 90.8 126.0 161.9 184.1 214.0
2 68.6 90.9 126.2 162.8 187.2 214.1
0.6 3 68.6 90.7 126.2 162.7 182.8 202.5
04 4 68.4 90.3 125.5 159.7 183.2 208.7
5 68.4 90.2 125.5 159.6 183.2 208.6
= Al s m o w w
g o o MDA LR T R
B N 'lHI[ ]” |” I” ]””“” |”| ! 0 7 68.4 90.0 125.7 161.9 181.7 209.1
® _oal W ‘ Il ‘H ||’ W II " 8 68.4 90.0 125.9 161.7 181.9 209.2
04 ” ‘ 9 68.6 90.2 126.5 1633 179.7 2132
) HE] /s 10 68.7 90.2 126.5 163.4 179.6 2133
—06 68.5 90.4 126.0 161.7 182.7 210.2
(a)
1.0
6 10 ()
0.8 fa)
1) !
o 0.6 | /
%/ o / \ 03% 0.6% 04% 13% 2.5% 3.7%
B 04}
0 A \\\ 1.6% 1.1% 09% 1.4%
L Vs
e 24% 2.6%
60 64 68 72 76 3.2
HE H
(b
2
1 1
Fig.1 Free and resonant vibration of steel specimen No.1 ); y Py
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Table2 Frequenciesand errorsof 10 tests of resonant i=1 (3)
vibration on six kinds of stedl specimens N . _
\/Z(xi %) (i -y’
/Hz i=1 i=1
d=12 d=14 d=17 d=20 d=22 d=25 N X Yy | Py |=
cm cm cm cm cm cm 1 ‘ pxy |: O O |pxy | 1 2
1 69.0 91.4 126.8 162.9 185.2 2149 Xy
2 69.0 91.6 127.0 163.8 188.2 215.0
3 70.1 92.0 128.0 164.0 186.0 206.0
4 68.8 90.8 126.2 160.6 184.0 209.2
5 68.8 90.8 126.3 160.5 184.0 209.6 10
6 68.8 90.8 126.3 160.8 184.0 210.0
7 68.8 90.6 126.6 162.6 182.4 2102 6 10
8 68.8 90.6 126.6 162.8 182.6 210.4 6
9 69.0 90.8 127.2 164.4 180.6 214.0 0.990 0.972 0.944 00932 0920 0.911
10 69.0 90.6 127.4 164.2 180.2 214.2 2 10
69.0 91.0 126.8 162.7 183.7 211.4 4
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4 2 10
Table4 Correlation of 10 tests of free vibration on the stedl specimen No.2

1 2 3 4 5 6 7 8 9 10
1 1.000 0 0.999 9 0.998 8 0.994 0 0.996 6 0.997 4 0.9825 0.9855 0.999 8 0.996 5
2 0.9999 1.000 0 0.999 1 0.994 2 0.996 6 0.9971 0.980 8 0.9839 0.999 8 0.9972
3 0.998 8 0.9991 1.0000 0.997 5 0.998 6 0.998 1 0.974 3 09777 0.998 2 0.998 9
4 0.994 0 0.994 2 0.997 5 1.000 0 0.999 4 0.998 1 0.967 5 0.970 6 0.9925 0.9959
5 0.996 6 0.996 6 0.998 6 0.999 4 1.000 0 0.999 4 0.974 8 09779 0.9953 0.996 1
6 0.997 4 0.9971 0.998 1 0.998 1 0.999 4 1.000 0 0.9810 0.983 3 0.996 5 0.994 4
7 0.9825 0.980 8 0.974 3 0.967 5 0.974 8 0.9810 1.0000 0.999 5 0.983 4 0.964 0
8 0.9855 0.983 9 097717 0.970 6 09779 0.983 3 0.999 5 1.000 0 0.986 1 0.968 3
9 0.999 8 0.999 8 0.998 2 0.9925 0.9953 0.996 5 0.983 4 0.986 1 1.0000 0.9958
10 0.996 5 0.9972 0.998 9 0.9959 0.996 1 0.994 4 0.964 0 0.968 3 0.995 8 1.000 0
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G = 8.1x10* MPa Table6 Residual errorsof fitting of three models for
6 R 5 freevibration tests
f R
S /Hz
Table5 Resultsfrom freevibration testson the steel
specimens 68.5 1.039 0.059 0.099 0.078
90.4 1.107 0.030 0.018 0.019
/Hz
1 o5s o 126.0 1.236 0.033 0.095 0.123
2 90.4 . 161.7 1.438 0.030 0.136 0.128
3 126.0 1.236 182.7 1.653 0.035 0.063 0.026
4 161.7 1.438 210.2 2.079 0.029 0.175 0.261
> 182.7 1653 0.008 0.074 0.106
6 2102 2.079
3
A 2 2
R=0.000 054 50f*—0.008 257 47f +
1.377 799 09 4
@) 2.8% 6.0%

. 8.00 cmx 3.98 cm
R=0.006 801 19f +0.473 891 93 %) G 9x 10> MPa
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Table7 Resultsfrom resonant vibration testson the steel 2.3%
specimens 2.8%
e G 9x 10> MPa
1 69.0 1.026
2 3
2 91.0 1.093
3 126.8 1.221
4 162.7 1.423
5 183.7 1.633 4
6 211.4 2.057
10
3
3
8
4.1
8 3 3
Table8 Residual errorsof fitting of three models for
Resonant vibration tests 9 10
f/Hz
9 10
69.0 1.026 0.028 0.099 0.077
91.0 1.093 0.030 0.018 0.018 5%
126.8 1.221 0.033 0.094 0.122 7% 10%
162.7 1.423 0.028 0.133 0.125 4.2
183.7 1.633 0.036 0.064 0.026
211.4 2.057 0.029 0.174 0.259
¢4 cmx 8

0.005 0.071 0.109

cm 2.930 g/crn3
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Table9 Freevibration testson three kinds of rigid (in Chinese))
specimens [2] 1.
/10* MPa 2003 22(5) 757- 761.(You Mingqing Su
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1 103.8 0.196 0217 32 modulus[J]. Chinese Journal of Rock Mechanics and Engineering
2 104.0 0.197 0218 021 4.0 2003 22(5) 757- 761.(in Chinese))
1 215.5 1.167 2.485 8.0 (3] 1
2 219.1 1.211 2.646 270 2.0 2003 22(7) 1099- 1 103.(Zang Desheng Li Angqin.
1 2412 1.441 3.685 7.9 Rock mechanics properties under the stress field of true uniaxial
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Engineering 2003 22(7) 1099— 1 103.(in Chinese))
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