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Fig. 1 Photos of grouting material specimen and cement
mortar block specimen: (a) Grouting material specimen; (b)

Cement mortar block specimen
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Table 1 Experiment scheme of coupling mechanism of rock-pulp shear strength in process of confined grouting reinforcement for

weak-faced rock mass

Test group oo SoonetMPa renpMP Normal stress/MPa
a 9.3 093 140 186 233 279
. b 12.7 127 191 254 318 381
D;Zif:;f;;f:;;’r c 14.7 147 221 294 368 441
d 17.5 175 263 350 438 525
e 232 232 348 464 580 696
A2A 7 070 105 140 175  2.10
' B2B 10 100 150 200 250  3.00
C]Z:;Z;ttiif;;:e;;fgs c2c 13 130 195 260 325  3.90
D2D 16 1.60 240 320 400  4.80
E2E 26 260 390 520 650  7.80
AlA 7 070 105 140 175  2.10
Shear test for BIB 10 1.00 150 200 250  3.00
W;fgjits;gif;g ciC 13 130 195 260 325  3.90
reinforcement DID 16 160 240 320 400  4.80
EIE 26 260 390 520 650  7.80
Aa 9.3
Ab 12.7
Ac 7 14.7 070 105 140 175  2.10
Ad 17.5
Ae 232
Ba 9.3
Bb 12.7
Be 10 14.7 100 150 200 250  3.00
Bd 17.5
Be 232
Ca 9.3
Shear test for Cb 12.7
V":ﬁikgi‘;fsﬁ; Ce 13 14.7 130 195 260 325  3.90
reinforcement Cd 17.5
Ce 232
Da 9.3
Db 12.7
Dc 16 14.7 1.60 240 320 400  4.80
Dd 17.5
De 232
Ea 9.3
Eb 12.7
Ec 26 14.7 260 390 520 650  7.80
Ed 17.5

Ee 23.2
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Fig. 2 Photos of weak-faced specimen without grouting
reinforcement and confined grouting reinforcement for
weak-faced specimen: (a) Weak surface without grouting; (b)
Weak surface grouting reinforcement (no polished); (c) Weak

surface grouting reinforcement (polished)
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Fig. 3 Stress schematic diagram of specimen under test
loading: (a) Complete specimen; (b) Specimen with weak

surface
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Fig. 4 Shear stress—shear displacement curves of different

materials specimen at normal stress of 1.4 MPa
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Fig. 5 Changing curves of shear strength of cement mortar

Shear strength/MPa

block with normal stress (Data in figure representing uniaxial

compressive strength of cement mortar block)
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Fig. 6 Changing curves of shear strength parameters of

cement mortar block with increase of uniaxial compressive

strength
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Fig. 7 Changing curves of shear strength of grouting material
with normal stress (Data in figure represent uniaxial

compressive strength of grouting material)
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Fig. 8 Changing curves of shear strength parameters of

grouting material with increase of uniaxial compressive

strength
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Fig. 9 Change curves of shear strength of confined grouting
rock specimen with normal stress (Uniaxial strength of cement
mortar block 10 MPa; data in figure representing uniaxial

compressive strength of grouting material)
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Fig. 10 Changing curves of cohesive force of confined grouting rock specimen with increase of uniaxial compressive strength of

grouting materials or cement mortar blocks: (a) Relationship between cohesive force and uniaxial compressive strength of grouting

material (Data in figure representing uniaxial compressive strength of cement mortar lock); (b) Relationship between cohesive force

and uniaxial compressive strength of cement mortar block (Data in figure representing uniaxial compressive strength of grouting

material)
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Fig. 11 Changing curves of internal friction angle of confined grouting rock specimen with increase of uniaxial compressive

strength of grouting materials or cement mortar blocks: (a) Relationship between internal friction angle and uniaxial compressive

strength of grouting material (Data in figure represent uniaxial compressive strength of cement mortar lock); (b) Relationship

between internal friction angle and uniaxial compressive strength of cement mortar block (Data in figure represent uniaxial

compressive strength of grouting material)
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Fig. 12 Changing curves of shear strength of confined
grouting rock specimen with increase of uniaxial compressive
strength of grouting materials (Uniaxial strength of cement

mortar block 10 MPa; data in figure representing normal stress)
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Coupling mechanism of rock-pulp shear strength in process of
confined grouting reinforcement for weak-faced rock mass

WANG Chun" >3, WANG Huai-bin', XIONG Zhu-giang" >, WANG Cheng',
CHENG Lu-ping', LI Xue-feng', ZHAN Shuai-fei'

(1. School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo 454003, China;
2. State and Local Joint Engineering Laboratory for Gas Drainage and Ground Control of Deep Mines,
Henan Polytechnic University, Jiaozuo 454003, China;

3. Collaborative Innovation Center of Coal Safety and Clean-efficiency Utilization,

Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: By using cement mortar blocks with different strengths to simulate the rock masses with good homogeneity
and different lithology, the coupling mechanism of rock-slurry shear strength of weak-faced rock mass under pressure
grouting for reinforcement was researched to explore the evaluation mechanism of pressure grouting for reinforcement
effect. The results show that the pressure grouting for reinforcement can improve shear strength and delay the
macroscopic failure of weak-faced rock mass effectively. The shear strength of weak-faced rock mass expresses a linear
growth with the increasing normal stress, and it rises in a logarithmic function with increase the strength of grouting
material, moreover, the shear strength parameters (z, ¢, ¢) first increase and then decrease as the ratio of grouting material
strength and rock mass strength adds. The cohesive force of weak-faced rock mass adds linearly with the enhancive
grouting material strength and rock mass strength, while the internal friction angle declines with increasing the grouting
material strength, and it remains constant as the rock mass strength enhances. Based on the coupling mechanism of
rock-slurry shear strength, the evaluation criteria for effect of weak-faced rock mass under pressure grouting for
reinforcement is able to determine effectively the optimal effect of the pressure grouting for reinforcement. This point
was verified, and it can be used to guide the control project of grouting reinforcement of weak-faced rock mass.

Key words: pressure grouting; weak-faced rock mass; shear strength; coupling mechanism; assessment criteria
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