B Ethd

Gold Science and Technology

$£34% F4H
2026 £ 8 B

Vol. 34 No. 4
Aug., 2026

}

BETUH AT B T i B = 5 B = E U R

KM, RER, EEN, EEHE, RN, EF K

LRVA IR SIS A IR A F L M Kb 410007
2. MR A R A R 3L A T, = F M 654200

W OEARRELEXSAT R B IR RE T 6948 B 5% F g, B o4 LR ife ki i, &
ABT T RAT RS B ARG B S IR AL IE S LR AR R R A AT AR B ) 5 AT KR 2 AR IEAE
XXAR,FEEBF—AILABREZRRAMRG, BEELEE, BHANTRAEEN TSR Y0 MAFHE N2
¥RAH A ZIR R EGAEE £ 0%, AL MATRE A 30 d M3 K 32.0%, W B4 B A 4R P AR
R E 388k 40.9%; KRR R T B E AR B AR 7 55 1E T R, ZRAFEFH R %
Z 4530 kN,94F 5 % £ 17.03 kN, AT RATAFAR K BALEIRE 7T 4 5o A il ¥ 37 69 & 228 A for i JOME 3R A 37
BHE,

KBIR : B LA TUERXAAT R B ) s BE UM AP 3R B AR L

FESHES:TD33 XEIRERL:A XELHS:1005-2518(2026) 04-1007-08  DOI: 10.11872/j.issn. 1005-2518.2026.04.004
SIRAMEI R I, RER, FEAR,F . FREXBHBE DB £S5 2RI F A FHA,2026,34(4)
1007-1014.ZHANG Shuaishuai, ZHU Zhigen, LEI Xianquan, et al.Research on Influencing Factors and Temporal-Spatial Evolution

Laws of Anchoring Force of Split-set Bolt [ J].Gold Science and Technology,2026,34(4):1007-1014.

H i 0 2 8RR 1L R A A X
FRAE M AR B SCR Y 3 B FZ MR 5 4 T
2 FH N A 1 TGP A N I T B 110 4 A JEE 4 A
BFF , FEAMEEER AR AN ARSI ™
A BEE ) RS BRI, B T — M AL 1 B 2 S
1o BRI HA BUAS I | 222 T 25 1 B A
AR e AL AR 32 0 36 PR 45, 20125 7]
HAF,2013) .

A AT I B T Z8OCR 3  HRAR  e ok
PEMY o %7 S g e B A A 1 iz o ke
SE AR R Bl A8 , DA TN B 402 S Wi 4 Ut AT
5 HlA 2Z 18] Y EE 2248 [5 4 5 (Nicholson et al, 2018;
Tl , 2018 BRI AE,2022) . WFFE R, 45 4 R T
SERVE ARV e T LA ) 52 SR B SRR

Yfs BHE:2025-12-22; 1&1T H#A : 2026-03-16

SRCCUNFTF R K B A5 REJE B | T 4% ST FNM S5 o
JE) R FL SRR VEFL G R DA K TR [l ek
(IR FE | SE B RN F RS ) S5 2 Fh I & (1)
5211 (Tomory et al, 1998; JH & % %5 , 2004 ; Komurlu
et al,2019,2022; ¥ i W %5, 2022) . IR AIRSY I
Jr2EHLE BTN D i i ST B A AR Y 8
T AE PP R AT T B4 I 7 43 A bR A5 R 1 e 3R 1ot
FE (B4 ,2007) . [RIS, i Bh 28 IR 06 2R 40 4%
BEAS TR 7 FH 45 1T R T AT A i B R 286 R i 1 42
REA AR T ML A (1 3545, 2008 3 1 1E B 45, 2024 5 i 46
A, 2025) o 7 TRESC e, MR A LA 2 b T 4%
38 20360 25 L5 BE R AT AR 25 5 1Y 7 12
T8 A AT PR S B0 R — 2 R 8L
(B ADUXE AS [R) i 28 T 000 S 40 485 40 194 i 7 5 B o

E&TE 1w QU 0y @8 L3000 H VM3 IR 2 4 m 0T K 5 9 F sh A IR B SR DR 5 0 (45 : 2025CK1003) %3 B
YEE BT 3k I (1995—) , 53 JT AU HBER A, TA2UH, A5 1L TR 5854 1220198 TAE . E-mail : 1605256425@qq.com
«BIEESE RO (1990—) I, 0u)il E ST, TARRIH, N 1L TR S5 A J12A 98 TAE. E-—mail: 1451358849@qq.com

© Editorial Department of Gold Science and Technology (CC BY-NC-ND )

1007



1008

B4t

PR B PR A TS A AL PEAS DU 2 A 4% XAl AT
SR B NAL S T % Lk (BRI 45,2001
B4 20115 5K 0 AL, 20175 5K SE S5, 2019 ; S 15
55,2021 ; B UHEZE,2026) .
BRSPS A A M R X R TR
PR E PE N2 e A RASE . B 5T 4%
A AE AT [ AL A B 8 [ Ak 2 BB — 2 R
R I A N T A PR T KR . AR, Y
FRIF 2 6 T4 A R AT 8 B R AN ) B ) RUBE T Y
AL DL S N TEALIE v B = R gty sk o by
SR, B S5 BT 0 R R R B 2

B o SA7at , AR SCHBL SR FH B8 43 B B0 37 3 R A
S5 BL, i R T A0 SU0 2 6 1 SR AR AR AR
$B 7 PR 0T 1] 56 2 AR A LR AL, 15 7 O 4
BT S T7 S AT L Hp A 2 TR AR (3t Dy
Bl WEERR SRS %

1 &5 EIALE 247

TEAEGE BT PR Rt R, iy TAHRA B
FARKRTRELALES , fEAe 1 R PERT T CHE R Ak
PRSI o A T AT (R A SR T
(AR R T 7R 52 240 AT 28 , T 2R AT 1 R

1 BEXEFEFGEZERZNTER

Fig.1 Schematic diagram of split-set bolt and radial force on its shaft
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Fig. 2 Distribution diagram of shear stress on the
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split—set bolt under external force loading
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Fig.3 Schematic diagram of split—set bolt and device installation for the pull-out test
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Table 1 Test data of split—set bolt pull-out resistance
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kN kN

é ==}
A =2 N N

RS

S-1-1 60.14
S-1-2 43.43 50.95

A-30-1 88.33

A-30-2 51.59 71.43
S-1-3 49.29 A-30-3 74.37
A-1-1 40.30 A-4Y-1 41.96
A-1-2 65.46 50.71 A-4Y-2 31.12
A-1-3 46.36 A-4Y-3 45.58 45.30
S-7-1 80.36 A-4Y-4 52.86
S-7-2 55.05 58.59 A-4Y-5 54.96
S-7-3 40.35 A-9Y-1 25.45
A-7-1 74.49 A-9Y-2 12.94
A-T7-2 47.63 62.18 A-9Y-3 18.32 17.03
A-7-3 64.43 A-9Y-4 10.94
S-30-1 74.60 A-9Y-5 17.49
5-30-2 68.44 67.25

S-30-3 58.72
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Fig.4 Relationship between split—set bolt length,

diameter and pull-out resistance
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Fig. 5 Variation law of split—set bolt pull-out resistance

with time
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Fig. 6 Schematic diagram of stress monitoring

equipment and installation
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Fig.7 Variation law of the surrounding rock stress in the

roadway
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Fig. 8 Contour map of the maximum principal stress of

the roadway section in the survey area
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Research on Influencing Factors and Temporal-Spatial Evolution Laws of

Anchoring Force of Split—set Bolt
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Abstract: This study employs field tests and theoretical analysis to examine the factors influencing the

anchorage force of split-set bolts and the evolution of anchorage strengthacross various time scales. Specifically,
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it assesses the impact of different anchorage lengths and diameters on the initial anchorage force of the bolts.
Additionally, by integrating field monitoring with numerical simulation, the research elucidates the temporal and
spatial variation patterns and the underlying mechanisms governing bolt anchoring performance. The findings
indicate that the initial anchorage force of the bolt exhibits a linear and positive correlation with bolt length and
increases with thedifference between the bolt and borehole diameters, although the rate of increase gradually
diminishes. In the short term, the redistribution of stress in the surrounding rock induces further deformation of
the bolt, resulting in an upward trend in pullout resistance. Furthermore, the non-uniform stress distribution
induced by the cross-sectional structure of the roadway significantly influences the anchoring strength.
Specifically, the stress concentration at the arch foot enhances the “clamping” effect on the bolt, leading to a
40.9% increase in anchorage force at the arch foot within 30 days, surpassing the 32.0% increase observed at the
straight wall. Upon completion of the surrounding rock stress redistribution, the pullout resistance of the bolt
stabilizes around 60 days. Over extended service periods, the anchorage force gradually diminishes due to stress
fatigue and corrosion of the bolt rod. Four years post-installation, the average pullout force reduces to 88.9%
(45.30 kN) of the initial resistance, and after nine years, it declines to 21.5% (17.03 kN), falling short of the
design specifications. The quantitative data provided in this study serve as a reference for the informed selection
and durability assessment of roadway support systems in mining engineering.

Key words: rock support; split-set bolt; anchoring force; time-dependent behavior; surpport strength; roadway

support
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