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Experimental study and mechanism analysis of influence of bolt anchoring on
shear propertiesof jointed rock mass

LIU Quan-sheng™?, LEI Guang-feng"3, PENG Xing-xin*®, WEI Lai"*3, LIU Jian-ping"3, PAN Yu-cong™?
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430071, China; 2. Key Laboratory of Safety for Geotechnical and Structural Engineering of Hubel Province, Wuhan University, Wuhan, Hubei 430072, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The indoor shear tests of anchored jointed rock mass under different bolt angles and different normal stresses are carried
out to study the law and the shear resistance mechanism of bolt anchoring on shear properties of jointed rock mass. The deformation
and stress characteristics of anchored jointed rock mass under the action of norma and shearing force are explored; the shear
deformation law of the jointed rock mass before and after anchoring is compared and analyzed; and the effects of bolt angle, normal
stress of the joint surface and other factors on the shear resistance of jointed rock are discussed. The experimenta results show that
the shear strength of jointed rock mass can be greatly improved by bolt anchoring as the increase of the cohesive force and internal
friction angle after bolting; the bolt angle has significant influence on the shear strength and shear deformation of the anchored
jointed rock mass; and the larger bolt angle is helpful to mobilize the shear resistance of the bolts. The shear-displacement curves of
the jointed rock mass have three segments after anchoring, i.e. the elastic stage, the yield stage and the plastic deformation stage. The
shear strength of anchored jointed rock mass is improved with the increase of the normal stress of joint plane under the same bolt
angle. It isfound that the yield failure of boltsin the jointed rock mass occurs mainly in the section near the joint plane; and the local
damage of the rock material occurs near the joint plane due to the lateral compression of the bolts.
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Fig.1 Pouring process of jointed rock mass specimen
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Fig.2 Anchoring-grouting specimen
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Fig.3 Sketch of balt inclination
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Fig4 Basic mechanical tests
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1
Table1l Resaltsof Brazilian test
/ MPa

1 2.54

2 2.27

3 2.93

4 2.25

2.50

2
Table2 Basic parametersof ratio of test materials
I MPa IGPa
1 30.46 5.59 0.18
2 29.24 6.65 0.11
3 25.17 6.02 0.15
4 28.63 5.69 0.16
5 21.75 5.34 0.15
27.05 5.86 0.15
23
a
30= 45= 60<
a=90°
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Table3 Loading scheme of direct shear tests 9 jgzgg: 1P=2.4MPa
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Fig.6 Shear-displacement curves of specimenswith
different anchor age angles
4
Table4 Srength parametersof specimenswith different
anchorage angles
1) IMPa kN /mm kN
1 30 24 37.78 1.83 51.25
2 45 24 47.89 2.05 56.19
3 60 24 58.88 251 65.49
4 24 21.19 1.62 30.77
7
. 5 RMT . OA _
Fig5 TheRMT test loading system
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Fig.7 Featuremap of shear force- deformation of anchor —|"

and non-anchor specimens
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Fig.9 Shear sketch of anchored jointed rock mass
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Fig.10 Yield strengths and ultimate strengths of specimens
with different anchor inclinations
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Fig.8 Deformation of anchor boltswith different
anchorage angles
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Fig.11 Shear-displacement curves of specimens under

different normal stresses
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Table5 Srength parametersof specimensunder different

normal stresses

1(°) /MPa /KN /mm /kN

1 90 24 44.85 212 73.27
2 90 16 37.36 1.47 50.31
3 90 4.0 68.39 2.98 91.25
4 24 21.19 1.62 30.77
5 16 18.21 1.34 26.62
6 4.0 27.34 1.87 38.26

3
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12

Fig.12 Yield strengthsand ultimate strengths of specimens

under different normal stresses
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Table6 Relationships between normal stressand shear
strength of anchored specimen

1) IMPa IMPa
1 90 1.6 2.24
2 90 24 3.27
3 90 40 4.06
4 16 1.18
5 24 1.37
6 4.0 1.70
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Fig.13 Relationshipsbetween shear strength and normal
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Fig.14 Damage morphology of anchoring jointed rock
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Fig.15 Sketch of shear deformation of jointed rock mass
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