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Research on the Initiation and Propagation Modes of 3-D Crack Under Hydro-mechanical Coupling
YANG Lei', MEI Jie', LI Shucai', LI Bangxiangl, GUO Konglingl, ZHANG Bo®, YANG Weimin', ZHANG Qiangyong1

(1.Research Center of Geotechnical and Structural Eng., Shandong Univ., Ji’nan 250061, China;
2.School of Civil Eng., Shandong Univ., Ji’nan 250061, China)

Abstract: It is easy for the cracks in rock masses to propagate and coalesce under the combination of high ground stress and seepage pressure,
which leads to the failure of rock masses. In order to investigate the initiation and propagation modes of 3-D crack under hydro-mechanical coup-
ling, a numerical model was established by the 3-D fracture analysis code of FRANC3D. The numerical simulation and the corresponding laborat-
ory failure experiments based on the transparent resin rock-like material were carried out. The applicability of different fracture criteria was ana-
lyzed by comparing it with laboratory results, and then the reliability of the model was validated. Based on the numerical simulation, the distribu-
tion characteristics of fracture parameters along the crack fronts under different loading conditions were analyzed. The influences of key factors
such as water pressure and lateral stress on the angles and lengths of 3-D crack propagation were obtained. The results showed that the numerical
results are in good agreement with the test results by using the optimized energy release rate criterion. The wing cracks at end points of crack long
axis are the I -1l (tensile-slip) mixed cracks, whereas the plane extensions at end points of crack short axis are the -1l (tensile-tear-
ing) mixed cracks, and I -1 -1l mixed fracture occur in the rest of the positions. The existence of water pressure significantly changes the
stress distribution of crack fronts. The increase of water pressure can enhance the tensile stress and promote the tensile fracture, resulting in the

crack initiation being inclined to the original surface and the propagation rates along the crack fronts tending to be uniform. The increase of later-
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al compressive stress can significantly facilitate tensile fracture and inhibit slip and tearing fracture. The energy release rates of crack fronts show

a decreasing trend under lateral compressive stress, thus restraining the crack propagation, while the lateral tensile stress has an opposite impact on

the energy release rates, which indicates that the fractured rock mass is much safer under the biaxial compressive stress state than the tensile—com-

pressive stress state. The lateral compressive stress and water pressure jointly lead to the decrease of the deflection angle of wing crack, which

changes the spatial propagation mode of crack and the macro failure pattern of rock mass.

Key words: 3-D crack; hydro-mechanical coupling; stress intensity factor; energy release rate; initiation and propagation modes
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Fig. 1 Transparent resin specimen and the loading appar-
atus

IR TT IR T, KL PRI S TR -45 °C, i
VRS B A o Z 5, XA R S s 4
TS, [R] AR T g i 7K 2 e e A ) R A
) v 23 BB N TE AR J) 2.0 MPaly £ 8K, LIS
FURBRAKIE T, WL (b)) o 7 Hil s R 2B /K R /Y
YERITR , a0 A B 32 SR B A A 4 8, S B F
RS BT, B A B g 22 aed o R 2R i
A W AT AR AR I PN A T IR B U R
W7 32 SR R SR IR DL

1 2 Sy 6 L 0 114 3 2 8 B S 2R i ) B AR A
2o A Bl 1) T 246 Ao 28 8RB K R T BT, 37 6
A B TR B AE K R 2R3 0 i) A RO R A L
ORI L, HR R 1) 45 B I S KA L Bl
WY AL B W R, FLYT R e o 8
INERTT 16 o ) I, 7 79 2 B e i Ak L 30 1 D SR B
TET A 000 i B R A X

(a) fifH 30°
B2 IR BERYT RIEX
Fig. 2 Initiation modes of 3-D cracks observed in tests
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Tab.1 Angles and lengths of 3-D crack extension in tests

A a/(°) ¥ RBKEA/Mm

AT A/(°) Al Al
ay ag Al 4 Alg
30 68.1 0.0 10.5 09 0.086
45 67.0 0.0 12.0 0.7 0.058
60 63.9 0.0 12.5 0.6 0.048
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Fig.3 Numerical model and mesh generation
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Tab.2  Angles and lengths of 3-D crack propagation sim-

ulated by using the energy release rate criterion
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Tab.3 Maximum principal stresses at key positions of

crack front under different water pressures
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AR, B
0 112.89 137.85
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Fig. 6 Variation of maximum principal stresses at key po-
sitions of crack front with the water pressure
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Tab.4 Initiation angle and propagation length of crack

under different water pressures
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1.0 6820  0.00 2.57 0.08
1.5 67.72  0.00 247 0.10
2.0 67.24  0.00 2.36 0.13
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Fig. 7 Effects of water pressure on the crack initiation and
propagation characteristics
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