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Abstract: Because conventional numerical methods fail to evaluate the effectiveness of grouted bolts in reinforcing the surrounding

rockmass, a simple and effective equivalent numerical method, with combination of a formulation for the bolt supporting pressure

induced by rockmass deformation, is proposed for this purpose. In this method, the maximum axial force of each bolt is first

determined by numerically simulating the bolt-supporting tunnel excavation. The obtained maximum axial force is then used to

calculate the equivalent force distributing along the rock bolt by using the formulation of the bolt supporting pressure. Finally, the

excavation process without bolt supporting is simulated by applying the equivalent distributing force to the surrounding rockmass

surface. This method is applied to calculate the excavation and support of the underground powerhouse at Jinping  hydropower

station and the diversion tunnel #4 (section 0+550 m) at Wudongde hydropower station. By comparing the calculation results with

the field measured data, it is found that the proposed method can well address the effectiveness of grouted bolts in reinforcing the

surrounding rock, and the simulation results can provide reference for tunnel construction and support design.
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Fig.2 Schematics of the equivalent calculation of bolt reinforcement effects
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Fig.8 Determination of the maximum axial force
of each bolt (Y=30 m)
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Fig.10 Comparisons of the calculated contours of the
surrounding rockmass based on the conventional numerical
method and the proposed equivalent
numerical method (Y =30 m)

RO+192

McfO+
192-1  Mcf0+192-3 11
12

DI1-1 D1-2

Mcf0+192-13

Mcfo+192-2
D2-1 v

Mcf0+192-1 "V
D3-1

Mcf0+192-3

Mcf0+192-4

11 RO+192
Fig.11 Layout of monitoringinstrument at RO+192
of main power house

30 1.12m —* 3.62m
c 25 ™ :
20
E s
10
5
O 1 1 1 1
07/11/12 07/12/22 08/01/31 08/03/11
07/12/02 08/01/11 08/02/20
(a) Mcf0+192-1 -
4 Om -& 2m
- 6m =
g 3
)
1
0 ROV
07/09/29 07/11/18 08/01/07 08/02/26
07/10/24 07/12/13 08/02/01
(b) Mcf0+192-3 -
12 2

Fig.12 Deformation-time curves monitored with
multi-point displacement meter s during excavation of the
second layer of the main powerhouse

13
Mcf0+192-1

7 mm McfO+

192-3



1200 2015

Mcf0+192-1 Mcf0+192-3

13 lmmmmm e !
14 (2]
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