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Support Design and Parameter Optimization of Prestressed Anchor Bolt for Soft Rock Roadway
GAO Yangyi', WANG Yiming', ZHANG Chunfeng®, FU Chen®, ZHANG Hongrong*
(1.School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2.Daye Nonferrous Metals Group Holdings Co., Ltd., Huangshi, Hubei 435005, China)

Abstract: Aiming at the problems of surrounding rock softening, failure of original support mode and roadway collapse in the
process of excavation in the contact zone of north and south edge of a copper mine at the level of —400 m, the strength of
engineering rock mass was determined by rock mechanics characteristic test, and the failure reason of original support was
analyzed. FLLAC3D numerical simulation software was used to explore the reasonable support parameters and support principle
of prestressed anchor bolt, and the control effect of different support schemes on surrounding rock was compared. On this
basis, a joint support scheme with anchor bolt spacing of 0.9 m. pre-tightening force of 90 kN and sprayed concrete thickness
of 100 mm was proposed. The numerical simulation results show that the scheme can effectively reduce the plastic zone volume
of surrounding rock, and control the roof subsidence and the total amount of two-side convergence of roadway within 21 mm
and 19 mm respectively, which are reduced by 44.9% and 56.2% respectively compared with no support, and the support effect
is good. The field application results show that the deformation of the roadway tends to be stable after 42 days. On the 91 st
day, the roof subsidence is 28.74 mm. and total amount of two-side convergence is 22.32 mm. The scheme can meet the needs
of mine safety production. It is reasonable and feasible to design and optimize the support parameters of prestressed anchor bolt
in soft rock roadway based on FLAC3D.
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Fig.1 Numerical model of roadway
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Influence of different anchor bolt spacing

on the distribution of prestressed field
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force on the distribution of prestressed field
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Table 2 Metal mesh support parameters
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Table 3 Parameters of each support scheme

BEAbES FEZPSH
T3 b
EUR JEBE 100 mm . 58 B 45 4% C25
4 A S HEEHE 0.8 m
TR 7l S AP FEFFIEHE 0.9 m, B %% 1 90 kN
WA S BT 0.9 m, B %5 /1 90 kN,

JEJE 100 mm, 58 B 4% C25

BRFFRLAE - /\\ \
@ 22 mm x 2 100 mm |

800 rﬂﬁtﬁ%:
mm x 800 mm

3 500 mm

 3700mm .
(a) HHEXBEF P

FURL
@ 22 mm x 2 100 mm

RIHEBE : o

1000 mm x 1 000 mm &
4

3500 mm

g -
(b) BRASI

4 XPHE
Fig.4 Support schemes

3 Xy EMYURIAG M A

3.1 fIBHtHh
TE A5 T8 1 P 5 S T00 R Hh s i I L e R A
FTRMBEA MBS, nE 5 s,

24r

= BAY
o WA
201 ¥ o BRSSP
g v v %i?}:
& o o BEEXEIT I
® 16- -~ =
& A
= o« 7
¥ 12] o * -
& = s
']m " ™ : * A 3
B 8r . " ‘
E N . a v
af 1

L7 18 19 20 21 22 23 24 25 26
5 x A AR/m
(a) BAMEAGB

40
= BRAEX

sl v o TR 71 B
. . s EBHRET I
E 30t - TEED
& RN o BEESUEIT I
&l ol .
Hoasr -
§ 0f = a . YT
m LS A o *
B I5f T -,
= . A

10+ -

10 15 20 25 30 35 40 45
& z A FR/m
(b) BEARALR
Bs5s HBEERSME
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Fig.6 Minimum principal stress cloud diagrams of

surrounding rock for each support scheme

BREN S /Pa
I 2.1423E+05

~3.5000E+06
- 4.0000E+06
- 4.5000E+06
- 5.0000E+06
- 5.5000E+06
- 5.8084E+06

FRER S /Pa
2.8358E+05

0
~ 92622

(a) BXI

5
6

(b) HBERE T34



Ik

SMB . E REBETRE A LR S AR[]]. 7 LB RS A ,2025,45(5). 119

B EN S1/Pa

2.3180E+05

0.0000E+00

- 5.0000E+05
— L.OO00OE+06
— L5000E+06
- 2.0000E+06
— 2.5000E+06
- 3.0000E+06
- 3.5000E+06
—4.0000E+06
—4.5000E+06
—5.0000E+06
- 5.5000E+06
- 5.6847E+06

(c) BHEHF

B|AEN J1/Pa

2.9311E+05
0.0000E+00
- 5.0000E+05
- 1.OGOOE+06
- 1.5000E+06

—4.5000E+06
- 5.0000E+06
- 5.5000E+06
- 5.9231E+06

(d) TR BFF 24

FRER S /Pa
LO531E+05
I 0.000

- L5000E+06
- 2.0000E+06
- 2.5000E+06
- 3.0000E+06
- 3.5000E+06
- 4.0000E+06
—4.5000E+06
- 5.0000E+06

— 6.5000F
— 7.0000E+06
—~ 7.5000E+06

- 8.0000E
— 8.5000E+06
- 8.6805E+06

(e) BEXI
B7 BXHPARTHEERXEIRAZRE

Fig.7 Maximum principal stress cloud diagrams of

surrounding rock for each support scheme
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Fig.8 Plastic zone distribution cloud diagrams of

surrounding rock for each support scheme
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Fig.9 Monitoring results of roadway convergence
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