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Simulation study of shear mechanical characteristics and crack extension
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Abstract: Joint parameters have a significant impact on the shear mechanical behavior and failure modes of joints,
and are important factors in evaluating the strength and stability of engineering rock masses. To investigate the
shear mechanical properties and crack propagation and coalescence mechanisms of discontinuous jointed rock
masses under different joint parameters, a direct shear model of discontinuous jointed rock masses was
constructed based on zero-thickness cohesive elements. A series of numerical simulations of discontinuous joint
shearing were conducted under different joint openings. joint connectivity rates. and normal stresses. The
influences of joint openings and joint connectivity rates on their shear behavior were systematically investigated.
The research shows that the shear stress-shear displacement curves exhibit a bimodal characteristic, with the

peak shear stress decreasing gradually with the increase of joint connectivity rate and increasing gradually with the
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increase of normal stress. The rock bridges on both sides of the model are the main areas for crack initiation.
Models with larger joint openings usually initiate cracks earlier, while models with lower joint connectivity rate
tend to form multiple isolated crack segments. The crack initiation time, location, and propagation process are
roughly the same under different normal stresses. There is a good correspondence between crack growth and
shear stress. The cumulative number of cracks increases with the increase of joint openings and normal stress,
and decreases with the increase of joint connectivity rates. Tensile cracks are widely distributed in rock bridges
and their adjacent areas, while shear cracks are mainly concentrated near discontinuous joint surfaces.

Key words: discontinuous joint rock masses; joint opening; shear behavior; numerical simulation; cohesive
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Fig. 1 Numerical shear model of discontinuous joints constructed based on ABAQUS
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Table 1 Discontinuous joint shear numerical experiment scheme
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Table 2 Basic physical and mechanical parameters of red sandstone

B TR 3R B/ MPa P Hr 58 % / MPa AR /GPa ER /N4 PR/ () %71/ MPa

23.195 3.215 26. 850 0.242 37.781 5.232

Pl 2 S 1 AR TR 2 500 RT A 37 1) SO (E AR TR RS AR AL 5 5 P B 45 SR 6T L o B B Bl e 4 3 R L Y
B2, Ay ik R AR SR T A SR hon Z i AF R BERE R 1 Boe iy Jr K. B 2 () WoR , B 4 4K
EASE AL it 22 ) ipe Bl B A s N R i e T R, R I I FE i m 288 1. 35 mm 22 A7 3 38 W (E 1 J5 s T
R, AR At G A R BB ) R AE IR . Tl 2(b) SR B, B 1Y B AR A in 480 R v TR 26 2R PR T i e s L
Ji 3 T T 1R T, W AE N T 5 T 2 SO S R R BRI R 8 . 181 2 b, & PN iR S (E A L Y
WEE A 7 3 B hf Iy W {8 57 8 340 1 — 80, e DRSS Xt R S50 () 8 B iy SR P ) 5 (A 78 5 5] DAAR - B A 42
KARELLAD A B BEHE 5 AR O BB A S8 SR FRC S E 2 155 kg » m 7, SRR & 20. 96 GPa, JA#A
b 0. 24 B A6 K, N 14.80 GPa* mm ',K, 5 6.39 GPa* mm ',K, ¥ 6.39 GPa* mm ',z,
M 5.65 MPa.z,  19. 10 MPa.z, 2§ 19. 10 MPa, T £ [T BB 246435108 0. 07 1 0. 161 N/mm,



TR T B R BT ) g 2 e BRSO SR AT B 5T

6
e 7 —— R
o FE RIS | W= TV SRR
£ 30 ZE NI 2 i 4 o 2 A 2 E
=R I T > £ 41— FWidk3
Ja( - Bed " % & AN
i RS A i
& 20 y Wi 37,, ”h *5 | 4
B e T |e L
= 10 . &S o
= v ] e
. e
. ,,.‘»;f:”:,.«“'
0 0.3 0.6 0.9 1.2 1.5 0 02 0.4 0.6 0.8
il F2/mm 45 % /mm
(@) Hm I s 2 (b) [P B2

B2 HELMURYEEMSEANRBHERIL

Fig. 2 Numerical models and comparison of results between numerical simulations and laboratory tests
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Fig. 3 Shear stress-shear displacement curves under different factors for discontinuous joints
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Fig. 4 Variation of peak shear stress and residual shear stress in discontinuous joints under different factors
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Fig. 5 Crack evolution process of discontinuous joint models under different factors
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Fig. 6 Crack number-shear displacement curves of discontinuous joint models under different joint openings
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Fig. 7 Crack number-shear displacement curves of discontinuous joint models under different joint connectivity rates
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Fig. 8 Crack number-shear displacement curves of discontinuous joint models under various normal stress conditions
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Fig. 9 Crack distribution of discontinuous joint models at final failure under different factors
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