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Abstract ; Fully-grouted bolts usually work under three typical conditions; continuous deformation, discontinuous de-
formation and pulling out. To systemically investigate the mechanical behavior of fully grouted bolts under different typ-
ical conditions,some numerical experiments are performed using verified simulation method and bolt de-bonding algo-
rithm developed. The axial force and shear stress distribution of fully-grouted bolts under different continuous-deforma-
tion magnitudes, different fracture parameters and different pulling-out confining pressures are analyzed. The influences

of de-bonding on the mechanical properties of fully-grouted bolts under different typical conditions are investigated.
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The results show that for fully-grouted bolt, D under continuous-deformation condition , the axial force increases first
and then decreases along bolt. The shear stress is directed to the near end of the bolt outside the neutral point and
gradually decreases. The shear stress points to the far end of the bolt inside the neutral point,first increases and then
decreases. After de-bonding of bolt head , the neutral point is transferred to the far end. The axial force and shear stress
are zero in de-bonding range. @ under discontinuous-deformation condition, the peaks of axial force correspond to
fractures. Before debonding,the axial force is proportional to the fracture aperture. The shear stress reaches the peak at
the fracture position and decays exponentially to both sides of the peak in opposite directions. After de-bonding at frac-
ture positions, the axial force maintains the maximum in de-bonding range ,the shear stress reaches a peak and the di-
rections of shear stress are opposite on both sides of the de-bonding range. 3 under pulling-out conditions , the pulling-
out force first increases rapidly,then the force shows a zigzag increase after progressive de-bonding,last the force de-
cays rapidly after complete debonding. The peak and residual pulling-out force increase with confining pressure. The
axial force and shear stress decay exponentially from the near end to the far end of bolt when no de-bonding. The axial
force reaches the maximum in de-bonding range ,and the peak of shear stress shifts inside the de-bonding range when

partly de-bonding. The axial force decays linearly along bolt and the axial force increases with confining pressure when

completely de-bonding.

Key words : full-grouted bolt; continuous deformation ; discontinuous deformation ; pulling-out ; bolt de-bonding
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Fig. 1 Diagram of displacement of surrounding rock in

circular roadway containing single fracture
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Fig. 2 Stress analysis of anchoring interface of fully-grouted bolt
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Fig.3 Verification model of numerical simulation for

fully-grouted bolt
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continuous-deformation magnitudes
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Fig. 10  Simulation results of different fracture positions (with fracture aperture of 3 mm)
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Fig. 14  Simulation results of pull-out tests of

bolts under different confining pressures
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Fig. 15 Simulation results of bolts bearing in pull-out tests

5 & i

() FESELIE TO0 T, 2Rl [ 5 AT 1 b 1 s
FEARSCHE 5 980N, P A LA SN 39 0 3 4 1) B AT Sk
¥, )N P DAL BN D ) B AT R, a3
RIF Wl IN o B TSk IS MO8 i, o P 1 AT 2 S e

Fo , B 0 Ll 3 55 5 R T B AR 0,

(2) TEAFELARIE TOUT , 2 R [ A AT 64 %l
WA {5 R B X O, T e 7 45 2R B S T 82 8% 22 1
FE , BN I 7R B B R B WEEAEL, 1) PN S 45 B
(LT 1) RS 5 BT 2R BT A5 8 P 5, il 1 7 i B
DRI, BN 3 A Hd 53 5 1P 000 80 D, i
T FE PN S5 3 7 Tl AR

(3) FERIR TOU T, AR B I AT A R0 46 hidk /1
PRETRE A TR A i L 5 ) 2 Bk Bl A R T 58
SRR R RN, MR AT A FR AR PR
BB I3 R AR Mot e s ks 7 -5 B 19 1 AT Sk
V0 1) J T 2 S a5 1 3 7 i i B 2k 31
RO, Y IO WA (P A% 2 5t 9L 1R L L 5 e v i i i
Tl AT S 2R, B L I

£ 2% L #K ( References) :

(1] BRZE. FeEED R IE AT S BoR & 60 4E KRB )], th

Bl K224, 2016,45(6) :1071-1081.
KANG Hongpu. Sixty years development and prospects of rock bol-
ting technology for underground coal mine roadways in China[ J].
Journal of China University of Mining & Technology,2016,45(6) .
1071-1081.

[2] FREEMAN T J. The behaviour of fully-bonded rock bolts in the
Kielder experimental tunnel [ J ]. Tunnels and Tunnelling,
1978(7) :37-40.

(3] EUIE. 2RMEHATPLERTIS )] B, 1983 (1) 40~
47.

WANG Mingshu. Mechanism of fully-column rock bolt[ J]. Journal
of China Coal Society,1983(1) :40-47.

[4] WeAF,ZFT  BRELE. BRIR h 2 HOR 25 AT 152 1 40 ()]

B S TR, 2005,24(13) :2272-2276.
YAO Xianchun, LI Ning, CHEN Yunsheng. Theoretical solution for
shear stresses on interface of fully grouted bolt in tunnels[ J]. Chi-
nese Journal of Rock Mechanics and Engineering,2005,24 (13) .
2272-2276.

[5] LI C. Analytical models for rock bolts[ J]. International Journal of
Rock Mechanics & Mining Sciences, 1999,36(8) :1013-1029.

[6] DAS K, SEKHAR G P R, DEB D, et al. Analytical model for
fully grouted rock bolts with multiple joints[ A]. The 13th ISRM In-
ternational Congress of Rock Mechanics, Montreal[ C].2015,1-8.

[7] NIE W,ZHAO Z Y,NING Y J,et al. Development of rock bolt ele-
ments in two-dimensional discontinuous deformation analysis[ J].
Rock Mechanics and Rock Engineering,2014,47(6) :2157-2170.

[8] BJORNFOT F,STEPHANSSON O. Interaction of grouted rock bolts
and hard rock masses at variable loading in a test drift of the Ki-
irunavaara Mine,Sweden[ A ]. Proceedings of the International Sym-
posium on Rock Bolting[ C]. Rotterdam ; Balkema , 1984 ;377-395.

[9] FARMER I W. Stress distribution along a resin grouted rock anchor
[J]. International Journal of Rock Mechanics & Mining Sciences

& Geomechanics Abstracts, 1975,12(11) ;347-351.



608

%X

#*® 2020 455 45 %

[10]

[11]

B O, 2T B T T 2RO S BT TAEPLELT].
R R (A SRBEAMR) ,2006,37(2) :401-407.

HE Ruolan, ZHANG Ping, LI Ning. Working mechanism of fully
grouted bolt in pull-out working state[ J ]. Journal of Central South
University ; Science and Technology,2006,37(2) :401-407
I ORI R SRR B SRR (D], &
5 WARRHE R, 2017

XU Kaishan. Study on drawing deformation and failure mechanism
of wholly grouted anchoring system[ D ]. Qingdao; Shandong Uni-
versity of Science and Technology,2017.

SR SRTT R, TR A BT R RO VI A A Y (1 2 i
BEFFGT BAZ AL AT [T, & A 0% 5 TR %4, 2018,
37(S2) :20-28.

ZHOU Shichang, ZHU Wancheng, YU Shuisheng. Analysis of
load transfer mechanism for fully grouted rockbolts based on the bi-
exponential shear-slip model[ J]. Chinese Journal of Rock Mechan-
ics and Engineering,2018,37(S2) :20-28.

BV XUVEA, RDER. (R BRI 42K B S5 5 AT 1 27 70 B i it
WITLLT]. A 155 TS, 2018,37(7) : 1561-1573.

[14]

[15]

[16]

[17]

LU Aizhong, LIU Yijie, ZHANG Xiaoli. A theoretical solution for
a circular tunnel reinforced by fully grouted rock bolts[ J]. Chinese
Journal of Rock Mechanics and Engineering,2018,37(7) :1561-
1573.

HEWE, B W BRR . KSR 1 A 15
[J]. 717 ,2018,39(5) :371-379.

YUAN Yanhui, XIAO Ming, CHEN Juntao. A method for simulating
stress distribution along fully grouted anchor [ J ]. Rock and
Soil Mechanics,2018,39(5) :371-379.

CHANG X,LI Z, WANG S, et al. Pullout performances of grouted
rockbolt systems with bond defects [ J]. Rock Mechanics & Rock
Engineering,2018,51(3) .861-871.

TEYMEN A, KILI A. Effect of grout strength on the stress distribu-
tion (tensile) of fully-grouted rockbolts[ J]. Tunnelling and Under-
ground Space Technology,2018,77.280-287.

HE L,AN X M,ZHAO Z Y. Fully grouted rock bolts: An analytical
investigation[ J ]. Rock Mechanics and Rock Engineering, 2015,
48(3) :1181-1196.





