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Shear behavior of rock joints and comparative study on shear strength
criteria with three-dimensional morphology parameters
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Abstract: Three groups of rock joints with different morphologies are made from cement mortar materials. The shear behavior
is investigated by means of the direct shear tests under constant normal stress condition. The effects of the applied normal stress
and morphology on the shear strength are analyzed. According to the experimental results, it can be found that the peak
dilatancy angle decreases with the increasing normal stress and increases with the increasing roughness. The shear strength
increases with the increasing normal stress and also the roughness of rock joints. The reason of underestimation by JRC-JCS
criterion is analyzed, and it is suggested to adopt the three-dimensional morphology parameters and tensile strength to capture
the characteristics of the peak shear strength. The hyperbolic criterion is suggested to use as a predictive tool to assess the peak
shear strength of rock joints under low normal stress level based on the comparisons among several criteria with
three-dimensional morphology parameters.
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Fig. 1 Joints with different roughnesses used in direct tests
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Table 1 Three-dimensional morphology parameters for J-1, J-Il and

J-1I
=HIEHSH
Sz Ll —
Ay 0.../C) C
J-1 0.499 59.0 10.1
J-1I 0.504 69.3 8.01
J-1I 0.688 68.7 7.48
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Fig. 2 Typical curves of direct shear tests
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Table 2 Results of direct shear tests

% R WA Bt BY 54 52 /M Pa WEAE BT A/C )
JiMPa )1 J-II J-II J1 JI )0

0.5 0.85 1.13 1.78 24.6 31.1 39.3

1.0 1.19 1.75 2.42 15.1 243 32.5

1.5 1.77 2.20 2.89 14.8 20.7 27.6

2.0 2.24 2.78 3.51 13.2 193 253
3.0 2.84 3.34 4.20 8.40 13.1 19.5
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Table 3 Values of JRC for J-I, J-II and J-III

- __IRC
3 Rl i 2= WAE BME
J-I 6.3 1.70 12~14 2~4
J-I 12.8 2.01 18~20 6~8
J-II 17.1 1.34 18~20  12~14
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Table 4 Comparison between experimental and predicted peak

shear strengths of natural joints

. e (L L BY 54 /M Pa

®
M O C SBEA D K ®A®

M1 0513 9.64 76 1.7 2.454 1.8 1.8
M2 0492 560 39 2.3 3182 32 2.7
M3 0471 105 65 1.2 1.591 1.7 1.3
M4 0513 812 6l 5.8 6910 6.3 6.1
M5 0533 892 59 4.4 4832 4.6 43
M6 0.450 10.18 68 43 4216 4.4 3.7
M7 0.502 1333 86 5.6 6.133 6.1 5.6
M8 0459 1052 72 6.4 5956 6.1 5.4
M9 0494 1036 59 4.5 4.004 4.4 3.7
M10 0.515 10.79 67 1.5 1.763 1.7 1.5
M12 0429 7.28 55 3.0 3.210 3.7 2.5

5 RBRRMESIHSHREE

A EAE R LR BT D) ) SR S A T
Yoo FEAh TRESEI R E VP ARG . FESEIR = RSN
A T B U] B (R ME AT A, TR SRR
JRC-JCS HEMIAN> S b R, R 2 4 TR i)
TESSHAC ML 2 . Y IE S SHOE R & B
HR T E I FESURAE, (AT BB R B%, F5l
SRR BB, SR = Y S AR g R . A
I, & TSNS A VA PT BY i S5 v D) DA
T TR ARV EORE FEI

SEBG = I U 2 SR BRAE 100~300 mm, 11 5E
BROGATEROSFBL “m” $F, Gife] & B S0 = R R



878 a5 oE L OB ¥

2014 4F

10 [ A 2 1 0 2R N R R K TR B
TEABIEZG B, ARSI IR B TSR Ao

RS, R AL AR A e Y, AN
RV IEH T 45 DL [ 25 15, B ) 2
VRSO 6 TSN, N Fe ) D ORI R
EAE RS R REE IRt ity R U SV =k 2 e e e
XA RIE T, JFaiS A AR B B ) 2
R G % L8 SRR R R BT

6 & it

(1) TFRLRBIY) g 2V iU 3 i = 4 TR AR 5%
Wi, T ELRCHRS, SUAKIIGORE . AR AV By
SR DN

(2) Barton WEARHTBY 5L A Xt SR 2 156
A8 i 1K 10 A e Dt R 3SR Y P AL R 2 2 B LA B ) 2
SR, e A BT B B0 Y 9 R T 2 BN A
Z U SEAN B PThL R .

(3) X HLA T T =4 B S S B0 W BT
JEHEN, LEAGER RIS R (001<0, /0, <0.15)
S TSR TR 2 18 X PO e (470 59 i FEE A U)o 55 A
S WA (B0 B S

B i AR B AE IR S SO AR A I
TAE, BRI ) .

SE K-

[1] PATTON F D. Multiple modes of shear failure in rock[C]/
Proceedings of the First Congress of International Society of
Rock Mechanics. Lisbon, 1966: 509 - 513.

[2] LADANYI B, ARCHAMBAULT G. Simulation of the shear
behavior of a jointed rock mass[C]// Proceedings of the 11th
US Symposium on Rock Mechanics. Berkeley, 1970: 105 -
125.

[3] BARTON N. Review of a new shear strength criterion for rock
joints[J]. Engineering Geology, 1973, 7(2): 287 - 332.

[4] SCHNEIDER H J. The friction and deformation behavior of
rock joints[J]. Rock Mechanics, 1976, 8(3): 169 - 185.

[5] BARTON N, CHOUBEY V. The shear strength of rock joints
in theory and practice[J]. Rock Mechanics and Rock
Engineering, 1977, 10(1/2): 1 - 54.

[6] PLESHA M E. Constitutive models for rock discontinuities
with dilatancy and surface degradation[J]. International

Method in

Journal for Numerical

Geomechanics, 1987, 11(4): 345 - 362.

and Analytical

[7] JING L. Numerical modeling of jointed rock masses by

distinct element method for two, and three dimensional
problems[D]. Lulea: Lulea University of Technology, 1990.

[8] MAKSIMOVIC M. New description of shear strength for rock
joints[J]. Rock Mechanics and Rock Engineering, 1992,
25(4): 275 - 284.

[9] KULATILAKE P, SHOU G, HUANG T H, et al. New peak
shear strength criteria for anisotropic rock joints[J].
International Journal of Rock Mechanics and Mining Science
and Geomechanics Abstracts, 1995, 32(7): 673 - 697.

[10] KULATILAKE P, SHOU G, HUANG TH. Spectral-based
peak-shear-strength criterion for rock joints[J]. ASCE Journal
of Geotechnical Engineering, 1995, 121(11): 789 - 796.

[11] KULATILAKE P, UM J, PANDA B B, et al. Development of
new peak shear-strength criterion for anisotropic rock
joints[J]. ASCE Journal of Engineering Mechanics, 1999,
125(9): 1010 - 1017.

[12] ZHAO 1J. Joint surface matching and shear strength part B:
JRC-JMC shear strength criterion[J]. International Journal of
Rock Mechanics and Mining Science, 1997, 34(2): 179 -
185.

[(13] B B A B YIRER JRC-IMC BRI A
JE TSR, 1998, 17(4): 349 - 357. (ZHAO Jian. A
new shear strength criterion for rock joint[J]. Chinese Journal
of Rock Mechanics and Engineering, 1998, 17(4): 349 - 357.
(in Chinese))

[14] AMADEI B, WIBOWO J, STURES, et al. Applicability of
existing models to predict the behavior of replicas of natural
fractures of welded tuff wunder different boundary
conditions[J]. Geotechnical and Geology Engineering, 1998,
16(1): 79 - 128.

[15] GRASSELLI G, EGGER P. Constitutive law for the shear
strength of rock joints based on three-dimensional surface
parameters[J]. International Journal of Rock Mechanics and
Mining Sciences, 2003, 40(1): 25 - 40.

[16] GRASSELLI G Manuel Rocha medal recipient-Shear
strength of rock joints based on quantified surface
description[J]. Rock Mechanics and Rock Engineering, 2006,
39(4): 295 - 314.

[17] XIA C C, TANG Z C, XIAO W M, et al. New peak shear
strength criterion based on quantified surface description[J].
Rock Mechanics and Rock Engineering (in press)

[18] BEER A J, STEAD D, COGGAN J S. Estimation of the joint
roughness coefficient (JRC) by visual comparison[J]. Rock

Mechanics and Rock Engineering, 2014, 47(2): 387 - 400.



55

JSK SF TR BT 2 B YRR S S R 0 D) ik R EL ST 879

[19] HONG E S, LEE J S, LEE I M. Underestimation of
roughness in rough rock joints[J]. International Journal for
Numerical and Analytical Methods in Geomechanics, 2008,
32(11): 1385 - 1403.

[20] TSE R, CRUDEN D M. Estimating joint roughness
coefficients[J]. International Journal of Rock Mechanics and
Mining Science & Geomechanics Abstract, 1979, 16(5): 303
-307.

[21] XIE H, PARISEAU WG Fractal estimation of the joint
roughness coefficients[C]// Proceedings of International
Conference on Fractured and Jointed Rock Masses.
Rotterdam, Balkema: 1992: 125 - 131.

[22] ZHAO J. Joint surface matching and shear strength part A:
Joint matching coefficient (JMC)[J]. International Journal of
Rock Mechanics and Mining Science, 1997, 34(2): 173 -
178.

[23] GHAZVINIAN A H, AZINFAR M J, GERANMAYEH R.
Importance of tensile strength on the shear behavior of
discontinuities[J]. Rock Mechanics and Rock Engineering,
2012, 45(3): 349 - 359.

[24] GRASSELLI G WIRTH J, EGGER P. Quantitative
three-dimensional description of a rough surface and
parameter evolution with shearing[J]. International Journal of
Rock Mechanics and Mining Sciences, 2002, 39(6): 789 -
800.

[25] YANG Z Y, TAGHICHIAN A, HUANG G D. On the
applicability of self-affinity concept in scale of
three-dimensional rock joints[J]. International Journal of
Rock Mechanics and Mining Science, 2011, 48(7): 1173 -
1187.

[26] JHE R 5 EEH A 58w 1)1 RS FRR T BEA A D) 21
B [D]. L [P K%, 2013. (TANG Zhi-cheng.

Mechanical behaviors of rock joint under different contact

state and columnar jointed rock mass[D]. Shanghai: Tongji
University, 2013. (in Chinese))

[27] EAY), £ 15, THE TIXW=3D BUF#E A A =4k
S BEHI]. A A 155 TR, 2008, 27(7):
1505 - 1512. (XIA Cai-chu, WANG Wei, DING Zeng-zhi.
Development of three-dimensional TIXW-3D-typed portable
rock surface topography[J]. Chinese Journal of Rock
Mechanics and Engineering, 2008, 27(7): 1505 - 1512. (in
Chinese)).

[28] TATONE B S A, GRASSELLI G. A method to evaluate the
three-dimensional roughness of fracture surfaces in brittle
geomaterials[J]. The Review of Scientific Instruments, 2009,
80(2): paper 125110.

[29] PARK J W, SONG J J. Numerical simulation of a direct shear
test on a rock joint using a bonded-particle model[J].
International Journal of Rock Mechanics and Mining Scienc,
2009, 46(8): 1315 - 1328.

[30] BAHAADDINI M, SHARROCK G, HEBBLEWHITE B K.
Numerical direct shear tests to model the shear behavior of
rock joints[J]. Computers and Geotechnics, 2013, 51(1): 101
- 115.

[31] BARTON N. Rock mechanics review — The shear strength of
rock and rock joints[J]. International Journal of Rock
Mechanics and Mining Science and Geomechanics Abstracts,
1976, 13(9): 255 - 279.

[32] KVELDSVIK V, NILSEN B, EINSTEIN H H, et al
Alternative approaches for analyses of a 100,000 m’ rock
slide based on Barton-Bandis shear strength criterion[J].
Landslides, 2008, 5(2): 161 - 176.

[33] KIM D H, GRATCHEV I, BALASUBRAMANIAM A.
Determination of joint roughness coefficient (JRC) for slope
stability analysis: A case study from the Gold Coast area,
Australia[J]. Landslides, 2013, 10(5): 657 - 664.



