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Failure mechanisms and compensation support technology of

deep high-stress soft rock roadways
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Taian 271000, China; 4. Xiaokang Coal Mine, Tiefa Coal Industry (Group) Co., Ltd., Diaobingshan 112700, China; 5. Hebei Key Laboratory of Mine Intelli-
gent Unmanned Mining Technolog, Langfang 065201, China)

Abstract: Stress redistribution of deep excavation rock mass is a complex mechanical problem of multiple stresses. First, the mechanical
model of surrounding rock at the moment of excavation of deep high-stress soft rock roadways was established based on the superposition
principle of elastic theory, and the variation rules of tangential stress o, and radial stress o; were studied. Then, the supporting mechanical
model of deep high-stress soft rock roadways was constructed, and the supporting effect of surrounding rock was revealed. Next, the re-

sponse characteristics of ¢, and o5 of surrounding rock and corresponding failure mechanisms under traditional support and compensation
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support were investigated through physical model tests. Finally, the applicability of compensation support technology was verified by nu-
merical simulation and field engineering application. Mechanical analysis results indicated that the stress redistribution in deep high-stress
soft rock roadways shows the trend of radial pressure relief and tangential pressure increase, g, becomes twice of the original and o, de-
creases to 0 at the moment of excavation. After supported the excavated rock mass, the o; of roadway edge is the support resistance of sur-
rounding rock, and o, decreases with the increase of support resistance. The model test results showed that surrounding rock deformation
of compensation support reduces by 73.7%, the destroyed area reduces by 88.3%, the crack length reduces by 11.0%. The o5 of the shal-
low surrounding rock increases by 68.3%, and the peak value of o, decreases by 18.2%. The compensation effect of traditional support is
weak, the g; attenuates greatly and the g, concentrates highly, which causes the crack to continue to open and extend in depth, resulting in
the surrounding rock expansion deformation. Compensation support gives full play to the three-axis strength of the surrounding rock and
mobilizes the self-bearing capacity of the deep rock mass by NPR cable. The compensation degree of o; is high and o, is significantly re-
duced, thus restraining the propagation and penetration of crack and realizing the self-stability of surrounding rock. After the compensa-
tion support technology is used in soft rock roadways, the NPR cables achieve constant resistance, the deformation of surrounding rock

and the damage degree of support are significantly reduced, which indicates that this technology has a good control effect on deep soft rock

engineering with high in situ stress.

Key words: soft rock roadways; failure mechanisms; compensation support; mechanical analysis; model test
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Fig.9 Fissures propagation of surrounding rock in compensated support under stable pressure
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Fig.10 Displacement of surrounding rock in conventional support under stable pressure
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Fig.11 Displacement of surrounding rock in compensated support under stable pressure
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Fig.12 Radial stress of surrounding rock at different time
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Fig.13 Radial stress of surrounding rock at different depth
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Fig.14 Tangential stress of surrounding rock at different time
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Fig.15 Tangential stress of surrounding rock at different depth
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Fig.18 Deformation mechanisms of soft rock roadways with different supports
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Fig.19 Numerical model of different support modes
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GSI B ok B R A X (17)—X(21)
Fi7R:

s o A B BRI R 38 B, MPa; E; e B
SR, GPaj 00y, A PRI B BT TR 58 2, MPa;
E FE RIS, GPa; GST N T RE FHARE 45
s D A A AL B 0.55 m; A e B bR L
mys s M a 7P ERR AR TR A=
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AR ST B E AL = B A 20 s
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Table 3 Physical mechanical parameters of rock strata
o, Hik HH I
o o4/MPa E/GPa ast m m, s a Y E./GPa
M 16.8 6.3 28 13 04216 0.000 068 0.526 1.45 0.25
B 11.6 5.8 24 11 0.294 9 0.000 040 0.533 0.70 0.20
] 23.2 8.8 36 18 0.854 5 0.000 197 0.515 2.78 0.53
F4 ZIEHMEBENESH
Table 4 Physical mechanical parameters of support structure
APk RS Y mm’ JE IR/ MPa FibER i /GPa % J1/kN BRI/ MPa
it 346 375 200 46 455
iR 532 630 200 100 770
NPREHE 532 680 200 300 770
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Fig.20 Roadway vertical displacement of different support modes
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Fig.21 Stress and deformation of steel arch in different supporting modes
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Fig.22 Cable axial force monitoring curves
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Fig.23 Deformation monitoring curve of surrounding rock
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