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Shear crack propagation laws and fracture mechanism of
filled joint granite with different angles
HAN Xuexian', ZHANG Shichuan', SHEN Baotang',
CHAI Shunjie’, ZHANG Youcheng', ZHANG Weigiang'
(1. College of Energy and Mining Engineering, Shandong University of Science and Technology,
Qingdao 266590, China;
2. Shandong Haike Xinyuan Material Technology Co. Ltd, Dongying 257081, China)

Abstract: In enhanced geothermal systems (EGS) reservoirs, rock fractures in the form of filled joints often contain
fillings, and the shear mechanical behavior of filled joints directly affects the permeability and connectivity of the
reservoir. Based on direct shear tests on filled joint granite with different angles, this study investigates the
mechanical characteristics of shear failure, evolution of damage variables, and crack propagation laws of granite with
filled joints. The results indicate that the filling material and joint angle affect the shear strength of granite. The
filling material alters the medium for crack propagation while the joint angle affects the stress state of the joint
surface during shear. The process of damage and failure in granite with filled joints can be divided into three stages:
crack closure, crack initiation and development. and crack propagation and failure. The damage variable increases

continuously as the stages progress. The direction of shear crack propagation in jointed granite can be classified into
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horizontal direction and parallel-to-the joint direction. For specimens with joints at 0° and 90°, the shear crack
extends horizontally until it penetrates the specimen. For specimens with joints at 30°, 45°, and 60°, the direction of
shear crack propagation aligns with the joint angle.

Key words: rock mechanics; filled joint; joint angle; fracture mechanism; damage evolution
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Table 1 Basic physical and mechanical parameters of filling materials

i i b PUEMRBE/MPa  BAPERR/GPa WIS/ % P58 E / MPa
mOK) T m CHE)=0.35"1 17.19 2.93 1.47 5.39
mOK) T m(HFE)=0.511 10. 89 1.40 1.98 4.52
Gl datis mOK) T m(AF)=0.7:1 7.04 1.30 1.59 3.13
mOK) T m CEH)=0.9 1 4.59 0.50 1. 44 2.15
mK) Cm ORI L m GAW=0.3:1:1 6.69 1.34 1. 04 3.72
mOK) Dm ORI D m (W= 0.411:1 26. 30 4. 00 1.41 3.72
AU mK) Tm ORI L mGA)=0.5:1:1 21. 30 3.99 1.11 2. 86
mOK) L ORI L m GAW=0.6:1:1 17. 48 3.35 0.99 2.68
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Fig. 1 Preparation of joint specimen and shear box structure diagram
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Fig. 2 Shear stress-shear displacement curves of different joint angles
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Fig. 4 Stress-damage evolution curve of granite with joint filling strength of 10%
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Fig. 5 Shear failure characteristics of granite with joint angle of 0°
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Fig. 6 Shear failure characteristics of granite with joint angle of 30°
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