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Coupling model and calculation method of yielding bolt and rockmass
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Abstract: Yielding bolt has been widely used for rock reinforcement in mining and civil engineering in high stress conditions.
However, the interaction mechanism of the yielding bolt and the rockmass is still not clear at present; and no model is available to
predict its reinforcement effect quantitatively. According to the mechanical and deformation characteristics of yielding bolt, an
interaction model is proposed to account for the coupling action between the bolt and rockmass. Based on the plane strain axial
symmetry assumption and the incremental theory of plasticity, equilibrium equations and compatibility equations of rockmass, and also
the response of yielding rock bolt are deduced theoretically. The proposed method has been programmed in the Visual Basic
development environment; and a semi-analytical solution for the coupling model is achieved using Runge-Kutta method. The
reinforcement mechanism of yielding bolt is demonstrated through an illustrative case study. The distribution of shear stress and axial
force along the bolt are presented; and the reinforcement effect of yielding bolt is estimated quantitatively. In addition, the validity of
the proposed method is verified by numerical simulations. The reinforced ground reaction curve and the yielding bolt reaction curve
can also be constructed systematically by the proposed method, which could help the support system design in conventional tunnelling.
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Table 1 Physico-mechanical properties of rockmass Table 2 Properties of rock bolt
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1

0.25 3.0 5 3 1.33  0.0058 210 200 25 2 0.84 0.02 0.04




894 b +

VA 2 2014 4F

5.3 ABIERWE R ihEk

TERERIR SCH e vk R, P 2 ) b 22 o
ek HAA B2 e SRS, nTLifs
P4 s 2w N #i2k (GRC). KABTEHEF 23 4
PER 3 Z w3 fi 2k (BGRC) LA K K AR LA T iy
Mgk (BRC), WK 12 fizn. f 1 R 9% 8N
SCHETI R 3.75 MPa B2t B, s A(A) -
B(B') ~ C(C")Y 1 D(D") 43 5% N P=1.5.1.0- 0.5,
0 MPa By B 11 BBl s AR TR R AT 32 ot ithk scC
FIR T BT N B SRR SR AL IR S ) B B T A T
WP SE

0 0.5 1.0 1.5 20 25 30 35 40
uo/Ro/%

B 12 AnEET. o R AT N 2
Fig.12 Ground reaction curve and bolt reaction curve
before and after reinforcement

6 4

(1) ASCUAG [ S BB R R et , 2%
JE RS TEARRAT (0 72 S AR TR, 4 T —FP i
B [ R 5 T S R AR, 50T KA T B A 1 S
FHLHIT TR A EEE .

(2) FEF PR ERNe, WA A0 B
RS BE , St T RS TR T Jn [l A (1) SR At i
He'F T NS R P 7 R . ALRS VR 5 R AT AT
MR JiFE. {E Visual Basic FF & FRI% A g il PR 2=
SV EREE A ek BB 1L SRS T KR T4
PR AR AT, R B R E T
P SRR v S VA I R A

(3) M AR Y P AR o 5 5, R
AT LIS 2 T Sl AR R8N ) 3 A, e s T
RAR TS L R S 28, 487 T o AL,
T DA ZR G0t SR A I e A% PRy 2 o 12 D e A A

B S AR, 0T R TR AT S ok B
FeAit LR R

B AR IR L 7E Visual Basic P& P54y T4y
T T RIS, AR O !

2 % L W

[1] ANSELL A. Laboratory testing of a new type of energy
absorbing rock bolt[J]. Tunnelling and Underground
Space Technology, 2005, 20(4): 291—300.

[2] LIC C. A new energy-absorbing bolt for rock support in
high stress rock masses[J]. International Journal of
Rock Mechanics and Mining Sciences, 2010, 47(3): 396
—404.

[3] FARMER I W. Stress distribution along a resin grouted
rock anchor[J]. International Journal of Rock
Mechanics and Mining Sciences and Geomechanics
Abstracts, 1975, 12(11): 347—351.

(4] BHRAAR. JREE A AT for A% LA K BE 18 70 B AN B
BiEe [T, A1 1%, 2001, 22(1): 71—74.

YANG Song-lin. Theoretical analysis and in-situ experiment
on load-transfer mechanism of bolt in cement[J]. Rock and
Soil Mechanics, 2001, 22(1): 71—74.

(51 JtF L. HEARN oA R T 0). A,
2004, 2538 F1): 63— 66.

YOU Chun-an.

research on stress

Rock and Soil

Experimental
distribution in anchorage body[J].
Mechanics, 2004, 25(Supp.): 63 —66.

(61 RINE, IR, 5. A R 5w A BT ) A A A

FRALRITTE). a1 J0%%, 2007, 28(3): 527—533.
ZHU Xun-guo, YANG Qing, LUAN Mao-tian. Study of
reinforcement effect of anchored rock masses and analytic
constitutive equation for rock bolt[J]. Rock and Soil
Mechanics, 2007, 28(3): 527—533.

[71 FREEMAN T J. The behavior of fully-bonded rock bolts
in the Kielder experimental tunnel[M]. [S.l.]: Building
Research Establishment, 1978.

[8] LI C C, STILLBORG B. Analytical models for rock
bolts[J]. International Journal of Rock Mechanics and
Mining Sciences, 1999, 36 (8): 1013—1029.

[9] CAIY, ESAKI T, JIANG Y. A rock bolt and rock mass
interaction model[J]. International Journal of Rock
Mechanics and Mining Sciences, 2004, 41(7): 1055—
1067.

[10] GUAN Z, JIANG Y, TANABASI Y. Reinforcement



53

T NIAE: RASTEANT - B A SRR S L 5 ik

895

[11]

[12]

[13]

mechanics of passive bolts in conventional tunnelling[J].
International Journal of Rock Mechanics and Mining
Sciences, 2007, 44(4): 625—636.

WINDSOR C R, THOMPSON A G A new friction
stabilizer assembly for rock and soil reinforcement
applications[J]. Rock Support in Mining and
Underground Construction, 1992: 523 —529.
CARRANZA-TORRES C. Analytical and numerical
study of the mechanics of rockbolt reinforcement around
tunnels in rock masses[J]. Rock Mechanics and Rock
Engineering, 2009, 42(2): 175—228.

BOBET A, EINSTEIN H H. Tunnel reinforcement with

rockbolts[J]. Tunnelling and Underground Space

35 886 T

[14]

[13]

AAFIME, s, UG, 5. I e AR AR 1 2
W HIHLEI 24T ). A 0%, 2012, 33(6): 1730 —
1734.

ZHAO Tong-bin, TAN Yun-liang, LIU Shan-shan, et al.
Analysis of rheological properties and control mechanism
of anchored rock[J]. Rock and Soil Mechanics, 2012,
33(6): 1730—1734.

AR . R A I AR R X 0 R Al v R o AR T L B

[14]

[13]

[16]

[16]

Technology, 2011, 26(1): 100—123.

Itasca Consulting Group. FLAC?®, Fast Lagrange
Analysis of Continua in 3 Dimensions, Version 2.0, User
Manual[M]. Minneapolis: Itasca Inc., 1997.

GUAN Z, JIANG Y, TANABASHI Y. Ground reaction
analyses in conventional tunnelling excavation[J].
Tunnelling and Underground Space Technology, 2007,
22(2):230—237.
CARRANZA-TORRES C, FAIRHURST C. The
elasto-plastic response of underground excavations in
rock masses that satisfy the Hoek-Brown failure
criterion[J]. International Journal of Rock Mechanics

and Mining Sciences, 1999, 36 (6): 777—809.

WESED]. & th AR FHER,2009.

BUKAE, A7, AN, 5%, DRAAREAE 1A 1A A
Ty @ ], EAE R 4R, 2006, 35(3): 288 —
295.

HE Yong-nian, HAN Li-jun, SHAO Peng, et al. Some
problems of rock mechanics for roadways stability in
depth[J]. Journal of China University of Mining &
Technology, 2006, 35(3): 288 —295.



