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Effect of Shear Rate on the Strength Characteristics of Rock Joints
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Abstract: The study on mechanical characteristics of rock discontinuity under different shear rates is an
important premise of rock slope dynamic response analysis. Based on Barton peak shear strength theory
and root mean square first-order derivative method calculating joint roughness coefficient, the laboratory
direct shear test results of peak shear strength of rock joint under different shear rates with
constant normal stress in previous researches were calculated, the effects of shear rate on total
friction angle of rock joint were discussed, and the empirical formula of peak shear strength of
rock joint related to the shear rate was proposed. The results show that when the shear rates are
0-0.8 mm + s ', the total friction angles of rock joint samples vary in the form of negative
logarithm with the variation of shear rate; the total friction angles of rock joints decrease with the
increase of shear rate for rock joints with relative strong homogeneity and isotropy, and increase
with the increase of shear rate for rock joints with relative strong heterogeneity and anisotropy,

and the increase range of the latter is less than that of the former; the physical property and

Y 7s B3 :2015-01-26

EETH EHEHRBEIEETH (41322020,41172272) 3+ = #17E AL L #TR1 55 H (2012BAK10B06-02)
TEH B A P 01987, 3 b AR 55 A, o [ BL 2 B K2 T 2E 8 4 F 52 42, E-mail : zhengbowen(@mail. iggeas. ac. cn,
BIRAESE AR 01975 B FEEZHA LIS B LA S0, T4+ . E-mail: qishengwen(@mail. iggcas. ac. cn,



102 Wk A %

n ¥ F R 2015 %

microscopic geometry of rock joints play an important effect on the variation of total friction

angles with the increase of shear rate, the physical property of rock joints plays an important

effect on the increase or decrease tendency of total friction angle, and the microscopic geometry of

rock joints plays a significant effect on the variation range of total friction angle.

Key words: rock mechanics; joint; direct shear test; shear rate; peak shear strength; total

friction angle; asperity
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Tab.1 Preparation of Artificial Rock Joint Samples
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Tab.2 Physical and Mechanical Parameters of

fAH | GEHk
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116 X100 |[16]

Natural Rock Joints

At FkE | EkAE | AsHE | BE | kKA
75 1 2 3 4 5
R SF/ mm? 204X 198[197X 198|193 191{190 X 197|200 X 180
THE/(g+em™ %) | 2.65 2.65 2.43 2.53 2.66
TLBREE/ % 1.2 1.2 6.3 3.2 1.2
P TR 3 / MPa 97 97 142 198 160

T 68 68 47 80 62
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Tab.3 Surface Morphology of Different Joint Samples
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Fig.1 Diagram of Statistical Parameters

Shown on Joint Profile Lines
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Tab. 4 Parameter Choices of the Relationship Between
Joint Roughness Coefficient and Root Mean

Square First-order Derivative

AN [ BR8] B (mm) 25 4 F S 80000 18
ZH
0.1 0.5 1.0 2.0
a 54.57 51.16 53.15 54,14
b 0.394 0.531 0.692 0. 650
¢ —19.13 —11.44 —6.32 —6.40
R? 0.962 0.972 0.986 0. 990
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Tab.5 Joint Roughness Coefficients of Different

Joint Samples
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Tab. 6 Experimental Results of Peak Shear Strength for Different Joint Samples with Shear Rates of 0-0.8 mm + s™'

WEERT | B PR/ (mm - s 1) | WEEPTBTHRE /MPa | 216 )% J1/MPa|  Jire  |JicsfliBAH/MPa| arctan(z/0) /(*) | Jirclog(Jyes/a) /(9
0.020 1. 695 1.0 14. 396 22.5 59.461 19. 467
0.020 2.390 1.0 22.646 22.5 67.295 30. 622
0.020 2.710 1.0 30. 588 22.5 69. 746 41. 360
0.020 3.110 2.0 14. 396 22.5 57.255 15.133
0.020 4. 208 2.0 22.646 22.5 64.579 23. 805
0.020 1. 580 2.0 30. 588 22.5 66.410 32.152
0.020 4. 450 3.0 14. 396 22.5 56.014 12.598
0.020 6.289 3.0 22.646 22.5 64.498 19. 817
0.020 6.690 3.0 30. 588 22.5 65. 847 26.766
0. 100 1. 675 1.0 14. 396 22.5 59.162 19. 467
0. 100 2.330 1.0 22.646 22.5 66.772 30.622
0.100 2.630 1.0 30. 588 22.5 69.182 41. 360
0. 100 3.020 2.0 14. 396 22.5 56. 485 15.133
0. 100 4.020 2.0 22.646 22.5 63. 549 23. 805
0. 100 4. 310 2.0 30. 588 22.5 5.107 32.152
0. 100 4. 300 3.0 14. 396 22.5 55.098 12.598
0.100 5. 960 3.0 22.646 22.5 63. 281 19. 817
K e 0. 100 6.270 3.0 30. 588 22.5 64.430 26.766
EEL ] 0. 400 1. 640 1.0 14. 396 22.5 58. 627 19. 467
0. 400 2.290 1.0 22.646 22.5 66.410 30. 622
0. 400 2.570 1.0 30. 588 22.5 68. 739 41. 360
0. 400 2.830 2.0 14. 396 22.5 54.751 15.133
0. 400 3. 810 2.0 22.646 22.5 62.303 23. 805
0. 400 4. 140 2.0 30. 588 22.5 64. 215 32.152
0. 400 4. 090 3.0 14. 396 22.5 53. 740 12.598
0. 400 5.790 3.0 22.646 22.5 62.610 19. 817
0. 400 5.990 3.0 30. 588 22.5 63.397 26. 766
0. 800 1. 630 1.0 14. 396 22.5 58.471 19. 467
0. 800 2. 280 1.0 22.646 22.5 66.318 30.622
0. 800 2.550 1.0 30. 588 22.5 68. 587 41. 360
0. 800 2.750 2.0 14. 396 22.5 53.973 15.133
0. 800 3. 750 2.0 22.646 22.5 61.928 23.805
0. 800 4.030 2.0 30. 588 22.5 63. 606 32.152
0. 800 3.950 3.0 14. 396 22.5 52.784 12.598
0. 800 5.610 3.0 22.646 22.5 61. 864 19. 817
0. 800 5.890 3.0 30. 588 22.5 63.009 26.766
0. 005 1.430 1.8 0. 000 10. 5 38. 456 0. 000
0. 005 0.992 1.2 0. 000 10.5 39. 589 0. 000
0.005 0.577 0.6 0. 000 10.5 43.883 0. 000
0.030 1. 346 1.8 0. 000 10.5 36. 797 0. 000
0.030 0. 835 1.2 0. 000 10. 5 34. 831 0. 000
Vax - 0.030 0. 385 0.6 0. 000 10.5 32.667 0. 000
RiE: ] 0. 250 1. 137 1.8 0. 000 10.5 32.270 0. 000
0. 250 0.765 1.2 0. 000 10.5 32.518 0. 000
0. 250 0.323 0.6 0. 000 10. 5 28.332 0. 000
0. 500 0.918 1.8 0. 000 10.5 27.022 0. 000
0. 500 0.616 1.2 0. 000 10.5 27.188 0. 000
0. 500 0.184 0.6 0. 000 10.5 17.015 0. 000




106 e R H F 5 =® O ¥ O F R 2015 #
gxo
REER | BT/ (mm o+ s 1) | WE{EPTETIR A/ MPa | B[ W J1/MPa|  Jire | JiesfliBAE/MPa| arctan(z/¢)/(°) | Jirclog(Jies/o) /(7
0.005 1.118 1. 920 0. 000 47.0 30. 211 0. 000
0.005 0.781 1. 280 0. 000 47.0 31. 386 0. 000
0.005 0.416 0. 640 0. 000 47.0 33.007 0. 000
0. 030 1.124 1. 920 0. 000 47.0 30. 336 0. 000
0. 030 0.719 1. 280 0. 000 47.0 29. 327 0. 000
TREE+ 0. 030 0.510 0. 640 0. 000 47.0 38.550 0. 000
15 0. 250 1.258 1. 920 0. 000 47.0 33.242 0. 000
0. 250 0.848 1. 280 0. 000 47.0 33.534 0. 000
0. 250 0.478 0. 640 0. 000 47.0 36. 728 0. 000
0. 500 1.287 1. 920 0. 000 47.0 33. 824 0. 000
0. 500 0.865 1. 280 0. 000 47.0 34. 055 0. 000
0.500 0.472 0. 640 0. 000 47.0 36. 404 0. 000
0. 050 2. 020 2. 476 5. 000 97.0 39. 206 7.965
E ’
5B B 0. 200 2.044 2.476 5. 000 97.0 39. 537 7.965
G
5591 0. 780 2.072 2. 476 5. 000 97.0 39. 921 7.965
" 0. 050 2.029 2.476 5. 000 97.0 39. 343 7.965
ERKA
THL S 0. 200 2.070 2.476 5. 000 97.0 39. 898 7.965
B
959 0.780 2.083 2.476 5. 000 97.0 40. 079 7.965
0.100 2.028 2. 564 3. 000 97.0 38. 340 4,734
ER 0.100 1.052 1.282 3. 000 97.0 39. 380 5. 637
5 H, H 0. 200 2.087 2.564 3. 000 97.0 39. 154 4.734
] B 4] 0.780 2.099 2. 564 3.000 97.0 39. 308 4. 734
0. 780 1. 095 1.282 3. 000 97.0 40.516 5.637
0.100 2.064 2. 564 3. 000 97.0 38. 843 4.734
0.100 1.083 1.282 3. 000 97.0 40. 181 5.637
EKA -
0. 200 2.103 2. 564 3. 000 97.0 39. 358 4.734
RBL I
0. 200 1.108 1.282 3. 000 97.0 40. 831 5.637
] B )
0. 780 2.101 2.564 3. 000 97.0 39. 337 4.734
0.780 598 0.641 3. 000 97.0 43.013 6.540
s o 0.100 0.676 1.336 1. 000 198.0 26. 858 2.171
W
5B H 0. 200 0.626 1.336 1. 000 198.0 25.124 2.171
1 53 1) 0. 780 0.596 1.336 1. 000 198.0 24.028 2.171
o 0.100 0. 386 0.668 1. 000 198.0 30. 043 2.472
[UFa
WL 5 0. 200 0.392 0.668 1. 000 198.0 30. 416 2.472
1 55 51 0.780 0.698 1.336 1. 000 198.0 27.599 2.171
0.100 1. 067 1.263 2. 000 160. 0 37.530 4,123
0. 200 1.078 1.263 2. 000 160. 0 37. 806 4.123
pi Ak -
o 0. 200 0.529 0.631 2.000 160. 0 37.311 4.725
BB
o 0.780 2. 161 2.525 2. 000 160. 0 37.876 3.521
] 57 4]
0. 780 1.102 1.263 2.000 160. 0 38.428 4.123
0.780 0. 550 0.631 2. 000 160. 0 38. 401 4.725
0.100 2.097 2.778 2. 000 160. 0 37.054 3.521
0. 200 2.133 2.778 2. 000 160. 0 37.526 3.521
VA b= 0. 200 1.026 1. 389 2.000 160. 0 36. 441 4.123
WHL, G 0. 200 0.536 0.694 2. 000 160. 0 37.676 4.725
EEIR] 0. 780 2.142 2.778 2.000 160. 0 37.643 3.521
0. 780 1. 082 1. 389 2. 000 160. 0 37.922 4.123
0.780 0.527 0. 694 2. 000 160. 0 37.169 4.725
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Fig. 2 Relationships Between Rate Friction Angle and

log(1/V) for Artificial Rock Joint Samples
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M 3O T LAE i IERKE LT =51 ¢,
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