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Fig.1 Schematic diagram of the overall cross-section of an energy-
absorbing FRP bolt

S AT A 0% BE IR A B AT 19 AR FR 23, RERS
RS2 — 58 BRI TT o FE 4 W RE 55 0 5 AT )
SCHETRY , REAE AR SZ A 1 ) A Ao Bl IR
DR R B8 A% 0 W BE B b a8 SR FH S BE <5 s [ A 245
F, BT By 80~150 mm, AJ 38 ok 48 4 A 1 W i e
v 3 R A S 0™ AR G el BE B AR TR AT R AR E
P45 22 A, BT R 8 O AW AT Al 1) A 1 7
[ 8595 AR & 2 BN A B E A BN B AE
B, B & 2 ELAR NS /D T IR BEE A AR L HAR S
P FE B AR — 2, HOR TR BB 1 AR 5 BRSO Rl T
0 SR A, T4 FE AL W REE T S 1 T AT A4, B 1k
BT RA S i
1.2 REEWIBIMEIT R KR AENX

HUAEASOL N, AT I T LT TR s BE | It
BT A 0° 5 SCHPC LA VBT 2B D e 1 e R
A RE D B R AW A o 4 D e A0 D i BR(EL T, FE 4L S
AR HTCIE BN , 7R TUE A R FE R AT
S5 B 22 YR, 3 EUWBE FRP BT R AL

> W W e FRP B FT 09 BRI 55 KRS #1 % O

BTN BT R ARIT 2 10 b . Ao,
TBUE S AT 2w Ak T 4 o B A AR, EL 3 A LA SR
H A TR BN DT R 2 B2 52 ) o3 B e
TUGNTEL 2 B, ST e v e (58] 2 20 i e an ) 3

7N o Z
SIS
o

B2 iTEEMRCHE 2SR

Fig. 2 Mechanical analysis model of the eccentric load at bolt tail

X

N

ag

b ﬁ \
\ .
D, ¥1 z

B3 TR AMEIE R BT 5 1 &

Fig.3 Circumferential load distribution curves of the bolt tail section
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Fig. 4 Schematic diagram of the geometric position relation between

tray and rod body
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Fig.5 FRP rod specimen
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Tab.1 Geometric dimensions of the FRP rod specimens
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Fig. 6 FRP rod specimens before the tensile test
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Fig. 7 Failure modes of the FRP rod specimens after the tensile test
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Tab. 2 Tensile test results of the FRP rod
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Tab.3 Geometric dimensions of energy-absorbing sleeve and
expanding round platform
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Tab. 4 Mechanical property parameters of the FRP rod material
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Tab.5 Hashin damage model parameters for the FRP rod
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Fig. 8 Stress contour plots of the conventional FRP bolt under static

tension at the deflection angle of 12°
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Fig. 9 Stress contour plots of the energy-absorbing FRP bolt under
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Fig. 10 Force-displacement curves of the conventional FRP bolt

under different deflection angles

200
150

] =3
2 100 -4
R -5
50 -~ 8°

-~ 12°

0 50 100 150

7% /mm

11 REMREHER T WAL M 71-60 % i 2%
Fig. 11 Force-displacement curves of the energy-absorbing FRP bolt

under different deflection angles
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Fig. 12 Energy absorption-displacement curves of the conventional
FRP bolt under different deflection angles
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Fig. 13 Energy absorption-displacement curves of the energy-
absorbing FRP bolt under different deflection angles
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Tab. 6 Static mechanical properties of the conventional FRP bolt under different deflection angles

FAREN") W 1 /KN W RE /T SEAHAR/% TR/ [KN/(°) ] ST R /% e IR EE/ [KJ/() ]
0 220.9 3.95 1.541 — — —
3 200.1 2.97 1.295 6.9 0.082 0.327
4 154.9 1.84 1.021 452 0.274 1.130
5 109.2 0.95 0.762 45.7 0.259 0.890
8 56.1 0.32 0.423 17.7 0.113 0.210
12 42.6 0.23 0.415 34 0.002 0.023
®7 FEREERA T RERBRNEITERE N F 14
Tab.7 Static mechanical properties of the energy-absorbing FRP bolt under different deflection angles
RN Tl F1/kN e REHE/K) SR /% JI R WEEE/ [N/ () ] SN B E /% At TR/ [kJ/(7) ]
0 221.6 21.34 5.617 — — —
3 203.4 19.15 5.408 6.1 0.070 0.730
4 199.0 19.02 5.250 4.4 0.158 0.130
5 175.5 5.84 2.342 23.5 2.908 13.180
8 117.5 1.85 1.320 19.3 0.341 1.330
12 33.0 0.20 0.422 21.1 0.225 0.413
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Fig. 14 Deformation contour plots of the conventional FRP bolt at

the impact energy of 300 kJ
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Fig. 15 Deformation contour plots of the energy-absorbing FRP bolt
at the impact energy of 300 kJ
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Fig. 16 Force-displacement curves of the conventional FRP bolt

under different impact energies
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Fig. 17 Force-displacement curves of the energy-absorbing FRP bolt

under different impact energies
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Tab.8 Comparison of mechanical properties of two bolt types under

different impact energies

7 AuFL/ M f s
e b BER BRI RS/ S {520 1 Wi 2k far / WAL R

kJ mm kN

30 26.6 1.108 138.3 1.62
HEL
BYESH 100 26.6 1.108 139.1 1.63
s

300 26.2 1.092 138.2 1.64

129. 4 199. 19.4

_— 30 9.6 5.400 99.3 9.46
gLl 100 129.3 5.388 199.4 19.55
A

300 129.1 5.379 200.6 19.55
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Fig. 18 Energy absorption-displacement curves of the conventional

FRP bolt under different impact energies
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Fig. 19 Energy absorption-displacement curves of the energy-
absorbing FRP bolt under different impact energies
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Fig. 20 Deformation contour plots of the conventional FRP bolt at

the impact velocity of 5 m/s
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Fig. 21 Deformation contour plots of the energy-absorbing FRP bolt
at the impact velocity of 5 m/s
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Fig. 22 Force-time curves of the conventional FRP bolt under
different impact velocities
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Fig. 23  Force-time curves of the energy-absorbing FRP bolt under
different impact velocities
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Fig. 24 Force-displacement curves of the conventional FRP bolt
under different impact velocities
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Fig. 25 Force-displacement curves of the energy-absorbing FRP bolt
under different impact velocities
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Fig. 26 Energy absorption-displacement curves of the conventional

FRP bolt under different impact velocities
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Fig. 27 Energy absorption-displacement curves of the energy-

absorbing FRP bolt under different impact velocities
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Tab.9 Comparison of mechanical properties of two bolt types under different impact velocities

AT phifi i/ (m/s) Wi 7 8 /mm SEAHE/ % Tl J3/kN Bt vhiti ] /ms W e /K
2 26.56 1.107 138.3 13.20 1.62
3 24.57 1.024 122.1 8.26 1.40
BRI SN AT 4 26.65 1.110 136.5 6.78 1.72
5 27.36 1.140 138.9 5.59 1.86
6 26.53 1.105 126.3 4.49 1.69
2 129.6 5.400 199.2 75.80 19.46
3 1323 5.513 202.0 52.97 19.75
W RE S S AT 4 134.0 5.583 211.5 41.00 20.25
5 1323 5513 202.0 32.44 20.06
6 130.4 5.433 211.7 27.89 20.29
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Study on the influence of eccentric loading on the mechanical properties of
energy-absorbing FRP anchor bolts

TANG Zhi'?> JIA Dunwei’ WU Zhiwei’ LU Jinguo® CHANG Dezhi’
(1. Erdos Research Institute, Liaoning Technical University, Erdos 017004, China)
. School of Mechanics ngineering, Liaoning Technical University, Fuxin , China
2. School of Mechanics & Engi ing, Liaoning Technical University, Fuxin 123000, Chi

Abstract: [Objective] Aiming at the problem of performance degradation of bolts under eccentric loading in coal mine
roadway support, the influence law of deflection angle on the mechanical properties of energy-absorbing FRP bolts was
investigated, and the normal working angle range was determined to provide reference for similar roadway support design.
[Methods] Firstly, the maximum deflection angle of energy-absorbing fiber reinforced plastic (FRP) bolts and the stress-strain
compliance matrix relationship of FRP rod body were derived through mechanical analysis, and the stress characteristics and
applicable judgment criteria of bolts under eccentric loading were clarified; Secondly, the key mechanical parameters of FRP
rod body were measured by tensile test with universal testing machine to provide basic data for numerical simulation;
Subsequently, the Vumat subroutine was compiled based on Hashin failure criterion, and the numerical models of conventional
and energy-absorbing FRP bolts were established by Abaqus finite element software; Finally, the core mechanical indexes such
as elongation, breaking force and energy absorption of bolts under static load and dynamic load with different impact
parameters were compared and analyzed. [Results] Under static load, the breaking force, elongation and energy absorption of
the two types of bolts decrease nonlinearly with the increase of deflection angle, and the applicable deflection angle of energy-
absorbing FRP bolts is determined to be no more than 4°; Under the working condition of 4° deflection angle, the dynamic
mechanical indexes of the bolt are significantly better than those of conventional FRP bolts, and its energy absorption is about
12 times that of conventional bolts, which has excellent impact resistance and energy absorption characteristics; Under
different impact conditions, all indexes of the bolt with 4° deflection angle meet the preset applicable criteria.
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