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Reinforcement effect of yielding bolts
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Abstract: According to the mechanical behaviors and deformation characteristics of yielding bolts, a coupling model is
proposed to account for the interaction between the bolt and the rock mass. An analytical solution for the coupling model
applied in a circular tunnel is achieved. The reinforcement mechanism of the yielding bolts is demonstrated through an
illustrative case study and verified by numerical simulations. Based on the proposed model, the influences of different
parameters, including stress condition of rock mass, strength of rock mass, density of bolts, length and installing time of bolts
the, on reinforcement effect are estimated quantitatively. The parameter studies show that the performance of the yielding bolts
is better in the case of large rock deformation. The yielding bolts can reduce the deformation of plastic zone significantly, while
the control effect in the elastic zone is not very obvious. The influences of reinforcing time are studied by changing the artificial
inner stress when the bolts are installed. The results may provide a necessary theoretical basis for the design and parameter
optimization of yielding bolts.

Key words: yielding bolt; semi-analytical solution; numerical simulation; parameter study; support design
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Fig. 1 Failure of two cement-encapsulated rebar bolts
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Fig. 2 Deformations induced in bolts subjected to opening of
a single fracture: a) rebar bolt, b) yielding bolt

KA R I B i, AR LT LA &5
Syl 3 FR RIS R A Ky AN R B A
B [ B . TRETTZ ), B i 22 iz s (&
3 2D, A I B L (B S e A, R
RIS 1 T Pl ] BT B o PR B 12 g 0 s i)
WS BEAE A AR B HTHG K, S AT 2 B
ZHBOR, R T FT A 0 3K B TG BOE R S A
BN, ABBOTRINKG, SEE DR, Bk T
A A 5008

—_—

 SMTEE:

——a——a——

P4 B B

Al (TR )

3 REREAT-E A IELF

Fig. 3 Reinforcement mechanism of yielding bolt
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Fig. 4 Coupling model for yielding bolt and rock mass
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Fig. 5 Flow chart of calculation
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