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Numerical simulation of fragmentation process of jointed rock mass induced
by a drill bit under dynamic loading

LIAO Zhi-yi, LIANG Zheng-zhao, YANG Yue-feng, WANG Yan, TANG Chun-an
(Dalian University of Technology, State Key Laboratory of Coastal and Offshore Engineering, Dalian 116024, China)

Abstract: Based on the microscopic damage mechanics and the dynamic finite element method, the fragmentation process of
jointed rock mass under dynamic loading is simulated. In the dynamic analysis model, the viscous boundary is considered to
eliminate the influence of the reflected stress waves from the boundary. The numerical results show the joints change the stress
wave propagation mode in the rock masses. On one side, the reflected tensile stress on the surface of the joints enhances the
fracturing of the rock between the joint and the drill bit. On the other side, the fracturing toward the specimen bottom is
restrained due to the fact that the dynamic wave propagation is absorbed by the weak joints. The fragmentation is also
influenced by the joint spacing. The rock specimens are more obviously fractured with smaller joint spacing. The inclination of
the joints leads to non-symmetric fragmentation at the two sides of the bit and affects the ability of the downward extension of
the main crack. The simulation will be helpful for understanding the mechanism of dynamic failure of jointed rock mass and
underground engineering.
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Fig. 1 Elastic damage constitutive law of an element under
uniaxial stress state
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Fig. 2 Compressive stress waves acting on top of indenter
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Table 1 Mechanical parameters
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Fig. 6 Comparison of erosion of stress waves by different joint parameters
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Fig. 7 Crack initiation and propagation in rock specimen without joints under impact loading
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Fig. 8 Fracture process of specimen under impact loading
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(a) =12 ps (b) =16 us

(¢) =20 us (d) =24 ps
9 TIREEE 40 mm BRI ESNERAMIFSETRER

Fig. 9 Crack initiation and propagation in rocks containing joints with 40 mm-spacing under impact loading
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Fig. 10 AE pictures of rock with joint spacing of 30 mm at time of 12, 12.4 and 12.8 us
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Fig. 11 Comparison of failure patterns between rocks with and without joints
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Table 2 Comparison of AE counts and AE energy values between

rocks with different joint angles at time of 24 ps

TEMEA/C ) PRSI RN RERAR/(10°))
15 479 513
30 547 556
45 720 741
60 690 527
75 641 557
90 645 533

(b) =24 us (a=0°, d=30 mm)

(d) =24 s ( a=0° , d=45 mm )

(e) t=20 ps (o=0°, d=60 mm )

(f) =24 ps (a=0° , d=60 mm )

12 30 mm. 45 mm FA 60 mm =58 (8] BEE (A7 T B e S8 E B TR L&

Fig. 12 Comparison of failure patterns between rocks with joint spacing of 30, 45 and 60 mm
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(a) t=16 us (a=15°, d=30 mm ) (b) =24 us (a=15°, d=30 mm)

(e) =16 ps (@=30°, d=30 mm) (d) =24 ps (a=30° , d=30 mm)

(e) t=16 us (a=45°, d=30 mm ) (f) =24 ps (@=45°, d=30 mm )

(g) =16 pus (=60° , d=30 mm ) (h) =24 ps (a=60° , d=30 mm)

(i) =16 us (a=75° , d=30 mm) (j) t=24 us (a=75°, d=30 mm )

(k) =16 ps (a=90° , d=30 mm ) (1) t=24 us (a=90° , d=30 mm )
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Fig. 13 Comparison of failure patterns between rocks with different joints angles
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