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New shear strength criterion for rough rock joints considering shear velocity
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Abstract: The stability of jointed rock under dynamic loading conditions, which is under different shear velocities, is one of the
urgent problems in the current engineering construction. By using JAW-600 coupled shear-flow machine, four groups of
rock-like joints with different roughness coefficients are sheared with different shear velocities based on the rock joints from the
underground caverns of Huangdao State Oil Reserves. The experimental results show that the shear velocity and joint roughness
coefficient obviously affect the shear strength. The shear strength for any rough rock joints decreases with the increasing shear
velocity. Meanwhile, the shear strength under any shear velocity shows a linear increase with the joint roughness coefficients.
On the basis of the experimental data and Barton’s criterion for shear strength, a new shear strength criterion considering shear
velocity for rough rock joints is proposed. Then its correctness is verified by the shear strength of rock joints proposed by

Barton with an average estimation error of 10.539% .
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Fig. 1 Moulding method for rock joints and four types of rock-like
joints
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Table 1 Shear strengths of rock-like joints under different shear

velocities
s W BIUIsE | BIUIECR W BYDIR
Jmm'min) 5 E/MPa |/(mmmin') %5 JE/MPa
S1-1 2.679 S1-2 2.525
S2-1 3.280 S2-2 3.087
0.6 S3-1 3.582 1.2 S3-2 3.257
S4-1 5.053 S4-2 4.975
S1-3 2.458 S1-4 2.283
S2-3 3.041 S2-4 2.736
6.0 S3-3 3.210 12.0 S3-4 2.839
S4-3 4514 S4-4 4212
S1-5  2.244
S2-5 2.597
240 S3-5 2.642
S4-5  4.101
5
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Fig. 2 Basic friction angle of smooth rock-like joint
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Fig. 3 Relation between shear strength of rock-like joints and
shear velocity
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Fig. 4 Relation between shear strength of rock-like joints and joint

roughness coefficients (JRC)
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Table 2 Normalized shear strength of rock-like joints

P BI47)54 B /(mmemin™")

G 0.6 1.2 6.0 12.0 24.0
S1 1.000 0.943 0.918 0.852 0.838
S2 1.000 0.941 0.927 0.834 0.792
S3 1.000 0.909 0.896 0.792 0.738
S4 1.000 0.985 0.893 0.834 0.812
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Fig. 5 Relation between normalized shear strength of rock-like
joints and shear velocity
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Table 3 Values of T under different joint roughness coefficients

(JRC)

R B Y)53 % /(mmmin ')

G5 0.6 1.2 6.0 120 240
Sl 12.883  11.632  11.059 9.463  9.095
) 16.997  15.801  16.500 13.324 12.227
S3 18.681  16.859  16.573 14.094 12.593
sS4 24.508 24273 22739 21.585 21.216
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Fig. 6 Relation between T and joint roughness coefficients of

rock-like joints
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Table 4 Experimental results and criterion estimations by Barton’s model and new criterion of rock-like joints under different shear

velocities
W IRC IRC vypl A T FEE IRC chﬁg/%%ﬁsw
> N N - -1 S = Y > a = Y I
TR PR THEAE /(mmmin ") I W Y W Y
Bl-1 0.6 2.547 1.727 2.257 32.162 11.378
BI-2 12 2.380 2.165 9.027
Bl  BI-3 2-4 3.67 6.0 2.174 1.966 9.592
Bl-4 12.0 2.041 1.886 7.594
BI-5 24.0 1.653 1.809 9.453
B2-1 0.6 3352 2.427 3.050 27.607 10.407
B2-2 12 2.864 2.925 12.128
B2  B23 10-12 11.05 6.0 2.632 2.656 15.197
B2-4 12.0 2.507 2.547 16.641
B2-5 24.0 2.184 2.444 5.461
B3-1 0.6 3.864 3.462 9.046
B3-2 1.2 3.779 3321 2.114
B3  B3-3 14-16 15.10 6.0 3.555 2.945 3.015 17.163 0.891
B3-4 12.0 3.469 2.892 1.623
B3-5 24.0 2.935 2.774 11.897
S1-1 3.61 0.6 2.679 1.723 2.249 35.684 16.047
S1-2 12 2.525 2.157 14.564
Sl s1-3 6.0 2.458 1.959 20.321
S1-4 12.0 2.283 1.879 17.695
S1-5 24.0 2.244 1.802 19.701
SERIH 28.154 10.539
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