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Abstract: To investigate the dynamic response characteristics of anchored coal in deep roadways, a split Hopkinson
test system was utilized to perform impact tests on anchored coal samples subjected to varying load intensities. A
numerical model of pre-stressed anchored coal was developed by incorporating a cohesive unit to simulate the
anchorage interface, and the results of the model were compared with the experimental data. The findings demonstrate
that the application of pre-stress enhances the dynamic compressive strength of anchored coal through the pre-tightening
force of the bolt. Furthermore, as the impact intensity increases, both the peak stress and the dynamic elastic modulus of
the samples show a positive correlation, while the expansion rate of the strain field within the anchored coal body
accelerates. The end face of the sample first reaches the ultimate strain of the coal body, after which non-uniform strain
rapidly develops along the axial direction, resulting in a strain concentration zone in the middle area of the anchorage.
Subsequently, the anchored coal body exhibits outward diffusion from the anchorage center in the direction of the
impact. The macroscopic failure mode evolves from circumferential shear failure to tensile failure. When the impact
load is below 0.4 MPa, the pre-tightening force of the bolt provides some resistance to the propagation of the dynamic
stress wave. However, when the impact load is excessively high, large-scale separation occurs between the bolt, the
anchoring agent, and the coal body, leading to severe fragmentation of the anchored coal. Under low load strength,
crack propagation within the sample is primarily governed by tensile-shear fractures, whereas at high load strength, the
failure morphology is predominantly characterized by axial splitting. During stress wave loading, the incident
compressive wave traverses the coal medium, crosses the anchorage interface, and propagates into the anchoring agent
and bolt, where it undergoes transmission and reflection. The amplitude of the stress wave at the anchorage interface
exhibits a linear increase with increasing load intensity, with the peak amplitude increasing by approximately 23%. As
the incident compressive wave reaches the first anchorage interface, the stress wave amplitude decreases to 18%, while
the peak residual stress wave in the bolt peaks at 25%. Under dynamic loading, the non-cooperative deformation of the
anchored coal medium induces interface strain mismatch, and discontinuous deformations, such as anchorage failure
and coal particle breakage, contribute to the gradual weakening and dispersion of the compressive stress field. This
process exacerbates large-scale deformation and failure of the coal body. These findings enhance the understanding of
dynamic stress wave propagation at the anchorage interface and provide an experimental basis for improving stability
control strategies in deep roadways subjected to dynamic pressure.
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Table 1 Mechanical parameters of coal samples and anchoring

agent
] = B % PP MEV/N A
(material type) (density)/  (compressive (elastic modulus)/ (Poisson's
YP® (kg +m ) strength)/MPa GPa ratio)
i [ B A 1857 10.03 2.01 0.27
i 11 751) 1530 15.32 3.73 0.30

®2 ORI 1SR

Table 2 Mechanical parameters of test rock bolts

HiE PihisafE  sfEE EIREE e
PRI EY (diameter)/ (tensile (elastic (yield (stretch
(material type) strength)/ modulus)/ strength)/ )%
mm MPa GPa Mpa A%
boLs p 24 =500 200 >335 20
FRALLE AT 3 =480 190 =200 22

B AR R AR AL 11, JUT AL L
18, RN T ) S Al EE L A e
A R AR T A 2 ) R, SR R
KNG EMR SO AT b, KRS AT 2 1 BG 5L, G
Kl 1 FR.

BT I A RO N8 Ao

Fig.1 The size of anchored coal sample and the position of

strain gauge
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Fig.2 Preparation process of anchored coal sample
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Fig.9 Strain cloud diagram of anchored coal under different impact strengths
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BER, IR AR B FF i8S, 0.5~0.6 MPa ¢
dromEAE RN, I AR N A U 3 4 3 0%
DR, SEEhEUEAE N I IEA R, AR AR SR
B8N, ~PAT T b T ) b R AR W 12 T
W TEE T T AN AR . 0.6 MPa T, PATT
ki 5 1) bR Y 781 pe, T HE BT 1A
b RIARWEAE N 726 pe, X HTERIAIATAD, GRS R
3B R R OO AR ™ AR, BAT TR
NIRBERIER B S R EEHR 22Kk, S ElE
FEAT T s 7 1) S 3 BT ) R SRR NS
FEZE R BEEA DR RF— 2L
3.4 HEITEIN TR

sl B AR s AR L, R AE Bl
FEREAR R B I R AL, T AT I i ] 771 e
AR T 58— € FR) FRUNL 337 7T A5 280 B A JEE A A 1 A
oo G A AR R Ty 55 Bl IS A2 i 1 K% i [ A R
A HOINE AR BIR IS, Wk 11 s,

500 :
----- 0.2 MPa !
a0k ——03MPa 1
———-04MPa |
—-—-05MPa |
3008 . o6MPa |
w 1
= i
,‘:3){ B 1
2 200 :
& i
1
100 !
1

AT AW
—100 1 : 1 1 I
0 200 400 600 800 1000

i [A]/us
(a) T A% o S8 A A

(a) Strain response law of bolt



H456 Holll Fr WA PR R AR TN e PR Sl A B AL R S T 4 O AL T

* 1795 »

AR
i[5 72

o /
T 77

v

W 0.5 MPa
(b) HE AT
(b) Anchorage damage characteristics
BTT oyt o AT A A e ] B SR R
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Table 3 HIJC constitutive model parameters of anchored coal mass

p /(kg +m 3) G/GPa A B C N f/MPa T/MPa EPS0/10 ¢ Evin

1 800 0.79 0.76 1.66 0.052 0.72 10.03 0.56 1 0.01
Opiax P./MPa H, Pi/GPa H D, D, K,/GPa K»/GPa K3/GPa

7 3.34 0.009 4 0.8 0.1 0.31 1 85 —171 208
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Fig.16 The isoline stress nephogram of anchored coal in the process of dynamic load impact
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Fig.17 Dynamic impact damage process of anchorage agent under dynamic stress wave impact
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Fig.20 The law of wave passing through anchorage interface
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10 12.307 11.851 2.452
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Fig.21 Damage diagram of prestressed anchored coal under dynamic load stress wave
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(b) Pre-tightening force = 1.4 kN
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Fig.22 Distribution characteristics of residual stress field of anchored coal under different pre-tightening forces

(c) MEN=1.7kN
(c) Pre-tightening force = 1.7 kN
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