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Numerical analysis for shear strength and deformation
characteristic of joint plane with complicated surface
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Abstract: The three dimensional numerical model for rock sample with joint plane was built by FLAC?® software, and
the effects of different surface shapes and boundary conditions on the shear strength and deformation characteristic of
joint plane were analyzed. The analysis results show that, when the undulating angle of joint plane is small, the
relationship between shear strength and normal stress is in accordance with Mohr-Coulomb linear criterion. The effect of
the undulating angle on cohesion is in larger magnitude than that of undulating angle on friction angle. With the increase
of undulating angle, the relationship between shear strength and normal stress is transferred to the non-linear criterion,
which can be fitted by parabolic equation with high correlation coefficient, and the failure mode of joint changes from
slipping along joint plane to the compound failure model consisted of slipping failure along joint plane and crushing
failure through saw tooth. The ratio of peak strength to the residual strength decreases with the increase of the normal
stress, and the relationship between them is in accordance with the exponential equation, while the degree of anisotropic
characteristic for joint sample decreases, and shear stiffness increases.
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Fig.1 Calculation model
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. F b Table 1 Fitting relationship between o, and 7,
Mohr-Coulomb
?H’Z;ﬁ{*: I a a as R
B YV V1 ~
T 2 0 01604 32820 0.999 9
’ —— % e 9 01583 3.5860 0.999 8
at+ a,o,
17 01911 4.9650 0.999 9
L b 24 0.1420 55200 -1.4939 0.9983
P 31 0.0980 85580 —4.4580 0.9917
= 37 0.0389 13.8570 —10.0820 0.987 8
P art ao,t
30,2 42 -0.0366 19.4930 —17.1510 0.9812
b 7 D ks 46 —0.088 7 24.9230 —22.2320 0.989 8
) e 50 —0.1374 33.1150 —30.3960 0.996 2
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Fig.2 Mechanical characteristic of structure node
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Fig.3 Relationships between o, and 7, under different

undulating angles
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Fig.4 Failure modes of joint sample
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Table 2  Fitting results for the first set of samples with

Mohr-Coulomb criterion

/ 0
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0 0.160 48 73.06 15048 801.8

9 0.158 30 74.42 14830 8854

17 0.191 15 78.61 18115 12643
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Table 3 Fitting for relationship between # and o,
/
(e) a; a) as R
0 1.0098 0.2472 -9.1336 0.9933
9 1.0037 0.5594 -11.118 7 0.998 9
17 1.0057 0.9106 —19.107 6 0.997 3
= 24 1.008 7 0.971 1 —18.964 6 0.996 6
artaexp(ason) 31 10048 0.8664 173229 0.997 6
37 1.004 7 1.0143 —20.0620 0.997 5
42 1.0056 1.1489 —25.3818 0.9959
46 1.0014 1.161 8 —24.468 3 0.997 4
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