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Effect of the density and inclination of joints on the strength and deformation properties
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ABSTRACT The effects of the combination of joint density and inclination on the strength and deformation characteristics of rock—
like specimens containing open joints were studied by using uniaxial compression tests. The following conclusions were made: with the
increase of joint inclination the stress—strain curve changes from a multi-peak value to a single peak value and the brittleness of the
specimen enhances whereas the ductility of the specimen weakens. The influence of joint density on the unified peak strength is relat—
ed to the size of joint inclination and the effect of joint density on the unified modulus shows a “V” shape namely the unified elastic
modulus first decreases and then increases with the increase of joint density. With the increase of joint inclination the unified elastic
modulus increases gradually and its maximum value which achieves 70% —80% of the complete specimens” elastic modulus appears
at 90° of joint inclination. The joint inclination is the major influencing factor on the unified peak strength and the unified elastic modu—
lus of the rock-ike specimens containing many joints. Further analysis on the test results demonstrates that the transformation law of
the relationship between the joint density or joint inclination and the stress—strain curve as well as the unified peak strength and the u-

nified elastic modulus is related to the failure process of the specimen. The failure mode of the specimen can be classified into three
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categories: tension failure shear failure and mixed failure.
KEY WORDS rock-ike specimens; rockjoints; inclination angle; density; uniaxial compression; peak strength; elastic modulus;

failure modes
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Fig.2 Electro-hydraulic servo control testing machine
1
Table 1  Mechanical parameters of the samples
p/(kgem3) E/GPa o, /MPa o, /MPa v ¢/MPa wi(°)
2019 2.27 23.13 2.75 0.23 5.0 34
2.1 - 25°  45°
- 3
3 - . (a) 25°,(b) 45°;(¢) 75°; (d) 90°

Fig.3 Axial stress-strain curves for specimens with different joint densities and inclination angles: ( a) joint inclination 25°; (' b) joint inclination

45°; (¢) joint inclination 75°; ('d) joint inclination 90°



- 497 -

2.2
oylo.
12
4 5
4
5
1
4 5
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Fig.6 Variation of the slope of the fitting line with joint density
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Table 2  Fitting parameters of the function between unified peak strength 25°.45 75
and joint inclination angle under different joint densities 0.168.0. 197 0. 107. 10
30 25°
al107? b R
0.0718 10 30
5 4.13 0.418 0. 890 7.18% 45°  75°
10 6.31 0. 164 0.903 11.3% 13.9%.
15 6.27 0.182 0.961
20 6. 64 0. 157 0. 962 ( )
5
30 6.59 0.173 0.810

25° 90°
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9 - (a) +(b) i)
Fig.9 Typical failure modes of joints: ( a) shear failure in the inclination direction; (b) tensile failure perpendicular to the inclination direction;

(¢) tensile failure parallel to the direction of pressure

4
Table 4 Failure forms of rockdike specimens with different joint densi—
ties
5 6 2 —
10 7 1 —
15 7 1 —
20 2 — 6
30 2 — 6
11 20
o 25°.45°.75°  90° . 11(a)
Fig.10  Stress distribution state of prefabricated joints and failure
characteristic N
(45° ~75°)
90°
A . 11(b)
3
11( ¢)
Table 3 Failure forms of rockdike specimens with different joint incli-
nation angles
(°)
25 8 — 2
. 11( d)
45 4 2 4
75 2 2 6

90 10 — —




« 500 ° 39 4
(25°) 45° +34°/2 =62°) 45°  75°
T
45°  75°
- (=15 )
(25°). 3 :
11( a) (c)
[, =h/sin a
(a h )
11(b)
Jaeger 16-17
45°  75°
. B
45° + /2 ( B
11 20 . (a)25°; (b)45°; (c)75° (d)90°

Fig.11 Failure of specimens with 20 joints with different joint inclination angles: ( a) 25°; (' b) 45°; (¢) 75°; ( d) 90°
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