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Time-dependent analysis of bolt-grouting support structures in deep roadways
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Abstract: To address critical engineering challenges such as high deformation rates, significant deformation
magnitudes, and difficulties in stabilizing deep roadways, this study employs rock rheology theory to analyze the
time-dependent characteristics of bolt-grouting support structures. A rheological model specifically designed to
capture the deformation behavior of these structures was developed. By integrating deformation monitoring data
from the surrounding rock at the Zhujixi Mine, this study elucidates the deformation mechanisms of a composite
support system, comprising “bolt-shotcrete + prestressed cable/U-shaped steel + grouting” across various support
stages. The findings indicate that single-component bolt-shotcrete support is insufficient for maintaining the stability
of surrounding rocks in deep roadways. Conversely, a multi-component support approach effectively harnesses the

load-bearing capacity of the support system to control severe deformations and mitigate catastrophic instabilities.
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Increasing the thickness of shotcrete significantly reduces deformation, while its compressive strength has a

negligible effect. Similarly, enhancing the diameter and strength of anchor bolts, along with reducing their spacing,

markedly improves deformation control. The increased material strength and decreased spacing of U-shaped steel

also contribute to effective stabilization. Practical engineering applications confirm that a staged combined support

strategy—comprising “bolt-net-shotcrete initial support + prestressed cable reinforcement support/U-shaped steel

reinforced support + grouting reinforcement”—can effectively meet the safety requirements for large deformation

control in the surrounding rock of deep roadways.

Key words: mining engineering; deep roadways; bolt-grouting support; rheological modeling; time-dependent

characteristics; support strategy optimization
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Fig.1 Initial failure characteristics of surrounding rock under
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Fig.3 Rheomechanical model for roadway surrounding rock
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roadway with varying bolt-shotcrete parameters

T AR E A AN B KB BRI 18.98,
18.48, 18.00, 17.66 mm. [t Mt 5 VR &+ 5 RE 1
I, EEWER U S AR IE LA R TR RS
FEN B KR T B/, LA R PR GT . (HE SR
158 - i P S 2N SO ROR R N, N
FH 3k o o S 2 (iR e = . IR 17(c) A AT A, 24
HEFFEAN 18~24 mm B, H#iBIR U EL &
FlA B T A2 e IR A B AR S KB T BRI N
23.09, 20.97, 18.98, 17.13 mm. W& AT B2 138
I, EETR U F SR B, BOKEAMH
FF A RO A AT . IR 17(d) M el 4, 2
BEFFIAIHERE A 700 mmx700 mm~1 000 mmx1 000
mm B}, $iBiER U 3R s TR E TRk
AR KWK I 18.98, 23.08, 26.32,
28.80 mm. B AT EIHEREAO3E N, BiWIER U L
P51 [ A AR T T AR e RS (R R B2 ) 4 4,
AR B KA T A BT, B3R B IE 2k N AT
B HE PR P A ks ) 18 B A 2 . I 17(e) BT
A, B R FE S5 2%y BHRB335, BHRB400,
BHRB500, BHRB600 I, #5318 [ A L T T F2 ek
AR K&K 18.98, 23.08, 26.32,
28.80 mm. BE A HA5E SR (RSB N, AR
T8 P 5 A8 TR T A R AS I R S ] 2 0 HE 4K
PR

(2) RRIEFR/U BRI SHAT TR U
T S AR L A AR BT



B4t Hed F RS

TR E AR TE B SO SR I R PR B R T

* 1433

HE 18y Ml A, MEixEESF N 18~21.8
mm I, iR U PR A R E T e
RS AR e KRBT B AR IR 11.42, 11.30, 11.11
mm. FEERRBERMIEMN, PR E R
P 18(b) 7 B ml i, 4 & [ HEEE 4 1400 mmx
1 400 mm~2 000 mmx2 000 mm Ff, W& U EX
P18 F A AR T T A e RS AR X KR T &
YN 1111, 11.30, 11.42 F111.49 mm. [Ffi 5482 6]
FERE RSN, HEWER U P BEEE A RE TR
TERAS A XS e K AR T A B g in

HE 18(c), (d)#Trl%n, 24 U BY4N S 2EMEE
(HERE) A 900~1 000 mm B, 48WE2R U VE 88
LA AR T T A RS B AR B K AR T BRI
11.50, 11.81, 12.07 mm. Pz U ZY4M 3 ZLA0 G )4
hn, #EmTER U S A RS TR RS
R TE B P in. 4 U BN 45 0 U2s,
U29, U36 i, MR U E i aEEasSmaT
R e IRAS I AE R B KA TR B AK IO 12.08, 11.70,
11.12mm. B U BURSC 85 1 m, HA A28
ETRERENRRXBILERE 2 W/, MEwE U

300

290

280

AR F/mm
[\8)
~]
=
T

iR H1£18.0 mm

260 —-—-- #iZRE%20.3 mm
———- #iREA21.8 mm
250 4/ e iR H4£28.6 mm
240 1 L L L )
8 9 10 11 12 13
i [al/d
(a) RAMRER
300
290} ST T
280+

— HIEE700 mm

AT E/mm
N
2
S
T

260 —-—-- flI#E800 mm
———- #1900 mm
w0/ HEET 000 mm
240 1 1 1 1 ]
8 9 10 11 12 13
I a]/d

(c) AE U B2

RN S A B 4 2R
4 ABBEWIXZIFMUENA

Ho W EBIERTIHEIZ WA, B, =W
IS EE R TARSCER RN b, $RH 7“4
PRSP+ TR 14 2R /U AN S 28 T i SZ 47+
RN (AR U B EA S PHoR, 7
— B R AT R R 55 R R L A T S A
W, E, BRSPS AR AR I R ) 7 A
XY TGRSR R KEH A SIS ER, D
1K B % S LT R AR AR A 1 AR IE LA AR TR
BB, X5 SR A E 5 S BTt AR (1) I [R] G4
B, B R AR TE FLA 1S3 5B, DAORIEVR
R R e AR T K A AR e Rt e 4
4.1 FEBBEHET IV

I T S AP R PRI O AT AT N, BT IR
XA EE A R AL EE T 280.2 mm, BRI FE
DRt 222.3 hy H#ERAU BV A 058 S P 4518 A
AT 58.5 mm, AR R 138.9 h;
300 -

290 LeEEEEET O

HHR B HERR 1 400 mm
———- B R[AHEE1 600 mm
—-—-- B RIMHEEE1 800 mm
------ 2R (B HERE2 000 mm

8 9 10 11 12 13
I [E/d
(b) ARG ER I HERE
300
290 | -
280 T T T
£
£
I 270 |
=
= 260 —— U254 4
=== U294 S 4
———- U364 48
i I A— U40 B4 320
240 1 1 1 1 ]
8 9 10 11 12 13

I E]/d
(d) N[ U B S e Rl

K18 ARER/U NSRS HERAT TR U S T8 A i A2 24

Fig.18 Creep curves of surrounding rock under bolt-shotcrete-prestressed cable / U-shaped steel-grouting support roadway with

varying prestressed cable + U-shaped steel support parameters
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Fig.19 Creep curves of surrounding rock under bolt-shotcrete-

prestressed cable/U-shaped steel support roadway
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Fig.20 Deformation characteristic curves of surrounding rock

at different support stages
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Fig.21 Deformation curves of surrounding rock in the Zhujixi

Mine, Huainan deep mining district3¢" 401
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