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Abstract: Based on the principle of the minimum residual energy, the relationship between the horizontal shear displacement of
the joint surface and the axial and tangential deformation of the bolt is analyzed considering the shear deformation of the bolts
in jointed rock mass. The judgment process of the yield mode of the bolt is determined by analyzing the characteristics of the
loading on the bolts. The formula for calculating the shear strength of the anchoring joint surface is established considering the
equivalent shearing area, and the accuracy of the theoretical calculation is verified by the indoor physical experiments. The
influence of bolt inclination, surrounding rock strength, bolt diameter and normal stress on the shear strength of the anchoring
joint surface is discussed. The results show that the shearing mechanical model can better reflect the contribution of the axial
force and shearing force of the bolts to the shear strength of the joints. The calculated results of the shear strength of the
anchoring joint surfaces considering the equivalent shearing area are in good agreement with the experimental ones. The greater
the inclination of the bolts and the strength of the surrounding rock, the smaller the axial force of the bolts but the greater the
shear force. The axial force and shear force of the bolts will increase with the increase of the diameter of the bolts. The normal
stress of the joint surface will significantly affect the dilatancy effect, and the greater the normal stress, the higher the shear
strength of the joint.
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Fig. 1 Schematic diagram of deformation of joint surface
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Fig. 2 Schematic diagram of shear deformation of bolts
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Fig. 3 Analytical diagram of loads on bolts
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Fig. 5 Judgment process of yield mode of bolts
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Fig. 6 Diagram of equivalent shear area
RS0 = 2 T B ) 9 ) R 7 RS S A BT )
THAR R REIE - BIRRAT PY 70 FR2 v AN DR AT A

[, TR S AT A S A — e TE Y, X AR
FEEE FHISS 7 SRR AT il 77 S BY 5o B I 588 FE 1 DT
BRAF o e IS IO TR A B, 25 R S A D) T AR 11 2
T 70 B 568 P A 28 B 5 o [T ) SE BRI 0 o
TH A R DU R A A SRR O R R, R
T=c+otang o MIVETTER I PUEY 50 o T EE AN B
BYGRFE ¢ AR AT 015 28 [ DT BRI U BT SR AL 7, P
RN 5 B 0 BT BT RS « RN
=147, (12)
X

=0 tan(@+y)+e, 5 T, =T, +T,

o :&[sina—

N,
T = [sina tan(p +y)+cosa] : 7,

!
€

cosatan(p+y)]| . H, o NTTHENELEM, v A
FEBI RS B AR, o BTN R, 7,0 T,
G3 AR AT il ) 77« B ) 3501 PR TH BT BY 56 1) DTk

2 4B IS EIE
2.1 RIEHLR

NSRS ST YIAR” BT B P By
SRFERIAL A B, JERE TSR BRI A A B4R
T, JCHETT AR RO TS R E BRI . A A
FHAMAP R B — 2 FL LE /K IR RD 2, JKIRIE R 32.5
EEERR ERKYE, APRbiEH 80 HIWHh4guab, Mty
K KUR D ATERN=1 : 2 ¢ 4. Wik F HRB400 Y
WRSUMVE NSRRI R, EEFF B AR Dy=12 mm, )&
HR5EEE o, = 400 MPa, HVERLE E=200 GPa. BHEHIK
R BA AR RS A 150 mm X 150 mm X 150
mm. IR{FEE N EARIRYT 28 d Ji5 76 7 RE AL FL P it
BEFFRE, BT ST BRI D 90° , FREAERIAT S 4L
Tz I HEE ZOKIE R, B by TR FFERE 3 mm
JEEKIEH, KIKEEHN 0.42. B BT A Rk
PUA 7755 TR E 5 S8 = ] Y RMT-150C
FADFINEGR R A, 0T AR T
R INEEZEN 0.01 mm/s, 5 FH VLA B A3 20 518
1.6, 2.4, 3.2, 4, 4.8 MPa. R FEWE 7 fis.
BRI N T Bk 1 s, ZELT, KRS
FAME 1S HNER 2 Fis.

|
¢
| 3 !

(a) WHAKRHHR PSSR



798 H O+ T OB % M

2018 4E

HRT &

(e) BTUIRBIRRIRAIR
7 BEEAEIE
Fig.7 Process of direct shear tests
x1 HEEABRMEER

Table 1 Loading schemes of direct shear tests

sy RPN BV BT AIR

/MPa /mm /mm

1.6 10 12

24 10 12

piikz 3.2 10 12
4.0 10 12

4.8 10 12

1.6 10 12

24 10 12

Pk 3.2 10 12
4.0 10 12

4.8 10 12
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Table 2 Basic parameters of rock materials

RS PUERE/ MPa BRI E/GPa THRAEE
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
I 27.05 5.86 0.15
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Table 3 Results of direct shear tests

i N EINWA LURvILN 22 B
TH o /MPa /mm /MPa
1.6 1.47 2.24
2.4 2.12 3.27
pliike 3.2 2.58 3.66
4.0 2.98 4.06
4.8 3.71 4.33
1.6 1.34 1.18
2.4 1.62 1.37
AN 3.2 1.71 1.65
4.0 1.87 1.80
4.8 2.13 2.03
6 -
A AR LR
sE = RimBRBER
£ af ‘
g R
JS% 3 1=1.524+0.6215, R?=0.901
R 2f
R
1 7=0.754+0.266, R2=0.990
B S
¥ F1 6/MPa

8 THIBAEMFHYIRESERNNIX R

Fig. 8 Relationship between shear strength and normal stress of

jointed rock mass
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Fig. 9 Comparison between test and calculated results
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