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Study of loading rate effect on characteristic stresses of marble
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Abstract; To study the effect of loading rate on the characteristic stresses of brittle rocks, uniaxial compression
tests were carried out using MTS815 test machine and acoustic emission ( AE) test system. The volume strain
method, AE method, and bonded particle model ( BPM) method based on the development of micro-cracks were
adopted to determine the characteristic stresses of samples and investigate the loading rate effect of characteristic
stresses for marble. Results show that values of the normalized characteristic stress determined by the three methods
are relatively close, and the BPM method based on the numbers of micro-crack is a reliable and effective method.
Moreover, the normalized characteristic stresses decrease as loading rates increase in the range of medium and low.
Numerical simulation results show that when the loading rates increased in a wide range, the normalized crack
initial stress and crack damage stress both decrease. When the loading rates are in medium and low range, the
normalized characteristic stresses decrease significantly. However, it tend to be stable when the loading rates are
high, especially for the normalized crack damage stress. In comparison, the loading rate effect of normalized crack
damage stress is more obvious than that of the normalized crack initial stress.
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Fig.2 Variation diagram of crack numbers during compression
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Fig.3 Layout of AE and displacement sensors
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Tab.1 Basic physical and mechanical parameters of samples
b IR/ m/ P/ PP/ R e @/ BATRh AT s 5/
(m-s™h) g (g-em™) (m+s™") (m-s™h) MPa
1-D1 544.94 2.68 4 312.40 2 657.88 60. 81
1-D2 52 10-6 541.84 2.68 4217.89 2 768.47 66.48
1-D3 542.22 2.69 4 320.65 2 823.46 66.51
1-D4 543.51 2.70 4283.12 2 533.89 68.61
W 543.13 2.69 4 283.52 2 695.93 65.60
2-D1 543.26 2.68 4311.45 2 676.24 65.24
2-D2 8 % 10-6 540.83 2.68 4 323.46 2 723.48 69.50
2-D3 543.59 2.69 4222.13 2 833.20 66.52
2-D4 543.19 2.69 4245.98 2 556.76 66.74
Y 542.72 2.69 4275.76 2 697.42 67.00
3-D1 544.34 2.67 4214.36 2 867.36 70. 68
3-D2 5 %105 543.67 2.68 4213.22 2735.21 73.98
3-D3 543.36 2.69 4 245.76 2 756.86 76.02
3-D4 543.22 2.68 4 233.23 2 645.22 76.37
Y 543.65 2.68 4 226.64 2751.16 74.26
x2 WBAMNESH
Tab.2 Micro mechanical parameters of numerical model
BoNERRERE BoORS B NEREAR UKL E p/ WOk AR B/ . ) )
R, /mm R /R, (kgrm ) VP WORLEm S YT WIEE . UL I
0.2 2.2 2 650 2 860 1.2 0.12
ATREGS AR AT RS R S WO E 0 AT RIS R R AT RS D)
Ep/MPa I 1) I L MPa MPa
2 860 1.2 0.577 50 50
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Fig.4 PFC® numerical specimen and local magnification image
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Fig. 5 Comparison of failure characteristics between the
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Fig.6 Comparison of stress-strain curves between simulated and tested rock samples at different loading rates
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Fig.8 Deformation curves of rock sample 3-D2 during compression

test
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Tab.3 Normalized characteristic strength of marble at different loading rates
P ik 2%/ BB AR PRI BPM #4402
i - / / / / / /
(m-s™") /0. /0, /0. /0, /0 T/ 0
1-D1 0.41 0.75 0.39 0.75
1-D2 0.36 0.72 0.37 0.73
5x107°
1-D3 0.35 0.76 0.35 0.69
1-D4 0.39 0.80 0.38 0.77
¥ 0.38 0.76 0.37 0.74 0.35 0.73
2-D1 0.38 0.74 0.36 0.72
2-D2 0.35 0.67 0.32 0.69
8x10°°
2-D3 0.40 0.77 0.38 0.72
2-D4 0.39 0.73 0.39 0.70
H{E 0.38 0.73 0.36 0.71 0.35 0.69
3-D1 0.36 0.71 0.33 0.63
3-D2 0.38 0.65 0.34 0.66
5x1077
3-D3 0.33 0.69 0.30 0.62
3-D4 0.34 0.60 0.32 0.58
HE 0.35 0.66 0.32 0.62 0.32 0.61
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