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Impact resistance characteristics of steel pipe shrinkable
energy-absorbing bolt and its potential for rockburst
mitigation and control
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Abstract: The rockburst disaster triggered by the nonlinear large-deformation characteristics of deep rock masses has been a
worldwide problem in geotechnical engineering, severely constraining construction progress and safety in engineering projects.
Therefore, it is imperative to intensify in-depth research on rockburst prevention measures. Based on the principle of steel pipe
compressive deformation, a novel steel pipe shrinkable energy-absorbing bolt constant-resistance large-deformation bolt was
proposed, which can provide a high constant resistance while accommodating a substantial amount of deformation. Building on
previous research, the impact resistance of the steel pipe shrinkable energy-absorbing bolt constant-resistance large-deformation bolt
was investigated through drop hammer impact tests. The test results indicate that: during the impact process, the working resistance of
the steel pipe shrinkable energy-absorbing bolt constant-resistance large-deformation bolt remains stable within the range of 150 kN
to 180 kN, demonstrating notable constant-resistance characteristics; the bolt absorbs a significant amount of energy with high
efficiency, capable of absorbing up to 53 kJ of impact energy in a single instance; throughout the impact, the compression rate of the
specimen only decreased by 0.54% to 1.43%, indicating relatively stable deformation. The steel pipe shrinkable energy-absorbing
bolt constant-resistance large-deformation bolt exhibits excellent impact resistance, providing robust technical support for the
prevention and control of rockburst disasters during underground engineering construction.

Keywords: steel pipe shrinkable energy-absorbing bolt; impact resistance characteristics; rockburst; constant resistance; drop-weight
impact test
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Fig.1 Steel pipe shrinkable energy-absorbing bolt
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Fig.7 Impact force-time and displacement-time curves
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Fig.9 Plastic deformation of specimen B5 after impact
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NIRRT R T KRS, SASCYEE 2 UEE A
ASTEAFTARTE], ZA T RIRE R 1 R e B AR Y
WS, K P 2RI 4 A T X Ll A6 3437,
] 5, S K8 TR A v o A 6% 110 B Y o o B B T
5.0~19.6 kJ 2 [a], Bl KiEHEEEY 1000 kg, ¥
BN 0.5~2.0 m, XM phEEE A 3.16~6.32
m/s, 5 FITE 0~300 kN Z [ 5l; A SCiREE B
Wb RERAE 17.5~53.0 kI 2 [], ENyxiEsdE &N
530 kg A1 1 030 kg, ¥k EH KN 10 m, SR
HIEE 8.12~14.14 m/s, phili JIFEAFEELE 150~
180 kN. HHILFTLAE tH, A48 A E PR AL TR 4
FHAA R mdumpditEgg.

6 HTEIF A R R A

6.1 FHIRHIRKEME

FRRICEBA IR NE . A E R fEE
P, FRRAERS, AU K R I A T
BT, 3 R A T P A O A TN 5 2 A Uy
SO TR R ), B R R A — IR o R IS 1
HHAEE R TREUE A SRS . TERRIE i T AR
W, BRI SEE AN S BN S — R
SO i T T SR Z AN AR 0 e U 2> P B e TN G
WUBE R % (1 22 47 >R B R B o

FEGIGHE TR, AR A2 DRIVE
FIBBR YO, RAESREUE R ST s A
SHEFR AV, RIS IR ATk
2.5~3.5 m, AREAIE 10 m*, ARHE 2011 —
2017 “Ejita T3AR Z204 51 K BEI 246 VA EIL%ET,
PRI R B DR A RN T, AR AETEHYE il
WAL B %, ANV AR R BR AR TEAE R A AR
ki, MR ST 20 MPa (I BB A 5 KA S
18, HHWRJTEROR, 5 R AR I R B B S 2 Al
b2 38K

TE )| BUR By % — MR 2 B ) RERIG BEIE 1, AR
PRI 4 A R S PRic 18, AR R 2 R AT
[ XA, BEIUA D, (HE DA
&L MREUA RN E . RALERKERT, KREUREA
PGTEE B Aok, R RRIE i T 0 & 45
WA . {EM A )X B, W1 DK183+000 Wi
Ak, FREAERNARIEAE AT P, FHE

BEAE R WEET, HRR A G LKA I .
6.2 FBVEATHUEBRE I

TEXY R A BB EE IR, HBiHE A
R A F . WAREERIC, SRS
NRAT e 2 R ICA R TR B, PR RE =
B, NIRRT = A SR, RFEE RS
T RGN EREAEIS0) L G AT AT PR TE A PR T Y
T b RAE B TE K TEA L, W5 7= HE By S Hp R
BRI, BRI A ELA 60 mm!®; T HALSE
B 1o o i A I A B BT Ak ) 3048 I % A
W, RO B B AR AES Y. R, B
LA IR SCH T IR FHAE LT A RSN
SEFUFIARGERIT, B B R e R R R AT,

AR SR 2 E BE KA TR AT RE % 18 B B AN [
(PRI B, L T AR H ) AR GERFTE 150~ 180 kN,
{ERELPERE LT s AZARER AT AT L E SR GE,  BENE B 4
M FE AR E R MR R,  FRAREAT Bk R AT
FE 53 kI b Res, fEubid A ALFE N 256 mm,
PR AL RS RE R CE Ty 207 KI/m,  BE RIS
B RCRGEE, BHRTUARYE TRER B R4S K
DAIHE A T &, TESR AL mi K ) 0 (1 R i R ] e vF
FlIARKMARE, YU IR, i, ik
W BEIETE LY DK185+385~DK185+421. DK185+
490~DK185+500 “E5mZUAMREL, BAT. s AL
() f REARTTIE 70 oml®!, 5B ZU A BRI A ok L
N 5~10 m/s, ARG 2% X B KR A B2 45
HBNAE 12.9~51.5 kJ, A4 2 tE PR AR T 4
FERLR AT 53 kI phfi b, AL IX B R
BT RTIE -
7 4 @

ARSCHEH T — Bl 2 i 4 e PR K AR TR
5 FEXT I AE R LR DA S AR TN AT T R4/ 4H,
BT RAFE RS phais. TR E 2R
bk, BFIT T 4 SUE B ORAR T A A R
R, BT 48

(1) 4% A PR TR AT R 8 1E RS [F] ok
R, Uphdi LR 8.12~14.14 m/s REREIA,
th IFEAFEEAE 150~180 kN 2 [a], W58 A [R5k
HE MRS, WATE LR . Pk,
M DRI AR A S PO, A2 E
T B T R R 2 11 S 3 R

(2) B IEFES, WA 48 A8
T 0.54%~1.43%, BIE BN E, XK BERH
e B E N A B I B, AR
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