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Safe Thickness and Fracture Evolution Law Determined
for Hydraulic Fracturing of Water-Resistant Rock Mass
with Hidden Karst Based on GDEM

LI Tao', ZHANG Li> *, JIANG Qing', FENG Chun’, ZHAO Ran'
(1. Shandong Hi-speed Ji-Lai Intercity Highway Co., Lid., Jinan 250014, Shandong, China;
2. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract; To analyze the influence of hydraulic fracturing in hidden karst structures on the safe thickness and fracture
evolution of a water-resistant rock mass, a high-performance GDEM-DAS based on the continuum-discontinuum element
method is used to conduct three-dimensional numerical simulation. The critical thickness of the rock mass is determined
on the basis of the displacement evolution law of the tunnel face, and the fracture degree, a dimensionless index, is
introduced to quantitatively describe the fracture evolution law of the rock mass during the excavation process. The
results show that the changing curves of displacement and fracture degree are obtained at water pressures of 1, 2, and
3 MPa. The safe thicknesses of the rock mass under different water pressures are almost the same, at 7 m. In addition,
the curves of displacement and fracture degree show inflection points of fracture degree 6 m in front of the inflection point
of displacement, showing that displacement mutation will occur when the internal damage of the rock mass reaches a
catastrophic level. Moreover, under the same simulation conditions, the inflection points of displacement and fracture
degree under different water pressures in the karst cave are consistent, indicating that the water pressure is not the
primary factor affecting the stability of the water-resistant rock mass.
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discrete element method (CDEM )
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Fig. 2 Block elements and contact spring by numerical discrete
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Fig. 3 Three-dimensional tunnel calculation model
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Table 4 Displacement of each monitoring point m

FE VA z [ A% (BEIE) z [ A% (HET) z A% (HLIR) 2 [ (L)
41 -0.000 746 208 -0.000 319 674 —-0.000 597 203 —-0.003 040 48
39 -0.000 800 694 -0.000 563 030 —=0. 000 779 846 -0.003 782 53
37 -0.000 897 018 -0.000 784 127 —0. 000 889 490 —-0.004 120 24
35 -0.000 972 469 -0.001 698 510 —-0.000 969 517 -0.003 319 47
33 =0.000 929 002 -0.001 556 140 —-0.001 005 530 -0.002 914 48
31 -0.001 028 210 -0.001 640 350 —-0.001 242 570 -0.002 761 50
29 -0.000 987 339 -0.002 280 000 —-0.001 215 990 -0.002 840 59
27 —-0.000 972 012 —-0.001 843 430 —0. 001 138 880 —-0. 003 888 93
25 -0.001 065 630 -0.002 029 130 —-0.001 158 650 -0.003 290 83
23 -0.000 929 012 -0.002 306 440 —-0.001 106 270 -0.003 284 29
21 -0.000 846 617 -0.002 094 660 —-0. 000 976 540 -0.003 075 11
19 —0. 000 834 457 -0.001 191 690 —0. 001 010 500 —-0.003 153 33
17 -0.000 838 631 -0.001 217 300 —0. 000 970 785 —-0.003 824 53
15 -0.000 799 421 -0.000 929 247 -0. 000 865 736 -0.002 764 48
13 -0.000 795 561 -0.000 887 891 -0.001 027 250 -0.003 047 55
11 —-0. 000 785 297 —-0. 000 881 493 —0. 000 983 558 -0.003 614 42
9 —0. 000 895 060 —-0.001 058 630 —0.000 717 580 —-0.003 758 75
7 —-0.000 918 152 -0.001 220 190 —-0.000 377 774 —-0.004 512 55
5 -0.000 921 907 -0.002 549 630 -0.003 130 820 -0. 009 286 00

3 -0. 000 797 360 -0. 008 268 880

—0.012 942 800 —0.034 283 80
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