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Shear Strength and Deformation Behavior of Rock Joint with Roughness

Sang-Don Lee, Jun-Ho Kang and Chung-in Lee

ABSTRACT

Direct shear tests were carried out on the rock joints and artificial discontinuities to investigate
the influence of joint roughness on the shear strength and deformation behaviour, Single direct shear
testing apparatus used in experiment was designed and manufactured. Its capacity is 200 tons of
shear load, 20 tons of normal load and 150 cm? of maximum shear area. Test samples were cement
mortar with artificial discontinuity and sandstone with natural joint. Peak shear strength was increased

as joint roughness or normal stress was increased, especially, linearly increased with roughness angle
in cement mortar. If joint roughness angle was constant at low normal stress, shear strength was
not affected by width and height of joint roughness in cement mortar. Peak shear strengths obtained
from tests were larger than the values calculated by Barton's equation, and shear stiffness was increa-

sed with joint roughness coefficient.
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Fig. 1. Barton’s roughness profiles showing the ty-
pical range of JRC values.

7| Eupdzt jAlell AFubEzHe,, residual friction
angle)S AH&%c} o] FHFuldZRE F3 G ol
slod AFAD P E(residual shear strength)E L2l
Z2 FAFte] 1 71g7|28E FIch

Hel AR AG(JRC)E Fig 10l AXNH 71% s4ba
e Adwe A4S AR nlasied AgkaAY
AAY E Fuhed AR wI g A4t
ol Qs th& A7) steluieigt HelARAS
HA|Alo] WA, o) EE ol8slod HelAZA
£ 3% 5 Adrk

;s

4 o o v

3. AlEH HE o AEUY

3.1 Aol ®=t % AHEo| &H

B oodllA] QT A NEE AWE 22E2g
Azt edl, MEe) g B AGE: 2=
0.88: 1: 3oz sick Helde P42 &



140 mm

20 mm
h(mm) roughness angle(®) JRC
0 0 0
1.5 8.53 5.4
2.1 11.9 10.2
3 16.7 15.2
4.2 22.8 20

Fig. 2. Cement mortar test specimen.
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Fig. 3. Schematic diagram of the direct shear testing apparatus.
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Table 1. Results of direct shear test on natural sandstone joints.

Sample Area Roughness Joint Normal Peak Residual Shear Dilation
No. (cm?) profile roughness Stress shear shear stiffness angle
index coefficient (MPa) strength strength (MPa/m) )
R, JRC (MPa) (MPa)
S-1 61.5 1.008848 36 0.59 0.74 048 615 15.1
S-2 573 1.009418 39 0.34 0.15 0.15 35
S-3 54.7 1.015918 6.5 0.60 1.02 0.72 948 4.1
S-4 436 1.016067 6.6 0.98 1.43 0.99 1904 56
S5 55.2 1.016258 6.7 0.96 2.15 1.07 1942 19.7
S-6 776 1.017678 7.3 1.99 5.29 1.65 4131 17.0
S-7 53.5 1.018914 7.8 061 2.99 1083 24.1
S-8 66.5 1019522 8.0 0.29 0.40 0.32 176 113
S-9 58.4 1020181 83 0.33 0.51 0.35 391 4.2
S-10 65.5 1.020970 8.6 1.99 3.95 2.04 2804 12.6
S-11 1175 1.022566 9.3 0.28 0.77 0.35 542 135
S-12 84.2 1.022731 9.3 0.98 1.30 1.07 1253 5.6
S-13 70.1 1.023859 9.8 0.56 3.19 1369 31.3
S-14 60.5 1.027093 11.1 0.32 0.80 0.60 507 13.7
S-15 654 1.038967 16.0 0.60 1.28 0.85 1158 19.7
S-16 76.3 1.045904 18.9 0.30 094 0.49 1499 16.7
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Fig. 16. Variation of the shear stiffness with normal
stress in cement mortar.

JRC=0
@® JRC=65-93:
R .

5000 7

E 4000 1

Pa/m

< 3000 -
w

N

o

(=]

o
2

-

o

(=]

o
1

Shear stiffnes

0

0.0 1.0 20 3.0 4.0
Normal stress (MPa)

Fig. 17. Variation of the shear stiffness with normal
stress in sandstone joints.
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g. 18. Variation of the shear stiffness with rough-
ness angle in cement mortar.
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Fig. 19. Variation of the shear stiffness with joint
roughness coefficient in sandstone joints.
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20. Peak arctan {t/c.) predicted from Barton's

equation compared with the measured val-
ues obtained from direct shear test on the
same cement mortar samples (using basic
friction angle).
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21. Peak arctan {t/c,) predicted from Barton’s

equation compared with the measured val-
ues obtained from direct shear test on the
same cement mortar samples (using resid-
ual friction angle).
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Peak arctan (v/o.) predicted from Barton's

equation compared with the measured val-

ues obtained from direct shear test on the

same sandstone joint samples {using basic

friction angle).
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Fig. 24. Distribution of peak dilation angles versus
the asperity component of Barton's equa-
tion.
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