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Failure mechanism of anchored bolt supporting structure of circular
roadway under dynamic load
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Abstract: By reasonably simplifying the stress wave, a simplified model for the reciprocity between the plane p-wave and the
circular anchoring roadway is built. Based on a typical case, through analyzing such remarkable parameters as radial stress of
deep surrounding rock, tangential stress of roadway surface, radial displacement of roadway surface and radial displacement
difference between deep surrounding rock and roadway surface, the strategic locations of support are confirmed, the force
mechanism of bolt is deduced, and the corresponding failure patterns and failure criteria are put forward. The results show that
the side facing the stress wave and the lateral position are the strategic locations of support. It is found that: (1) The total stress
of bolt on the side facing the stress wave is the superposition of static axial stress, dynamic stress of bolt vibration and
subsidiary stress caused by the surrounding rock deformation under dynamic load. Under the strong impact, a single instantly
destroyed destruction will occur, the surrounding rock is pressed to fracture and the loose bolts lose the reinforcement. Under
the cyclic weak impact, the pressed surrounding rock is gradually damaged to fracture, and that the bolt is loose owing to being
pressed and straightened repeatedly intensifies the fracture of the surrounding rock further. When the strength of the
load-bearing arch is decreased to a certain value, a weak impact can induce the burst failure of roadway; and (2) The total stress
of the bolt at the lateral position is the composition of the static axial stress and the subsidiary stress caused by the surrounding
rock deformation under the dynamic load. The bolt here is being subjected to tension, so tensile failure will occur under the
strong impact. The results of similar simulation experiments are consistent with the theoretical ones, indicating that the
theoretical analysis can be a significant guidance for engineering practice.
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Fig. 1 Simplified model for reciprocity between plane p-wave and

circular anchoring roadway
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Table 1 Physico-mechanical indices of deep surrounding rock and

load-bearing arch
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Table 2 Strain rate range of rock burst seism

R R BOKUREEE R ¥ AR
R Hz [(ms™) /(ms ") /(s
: 1.5X10°~
ATD —_ ~

Y 2~15  0.52~4.38 4300 965102
: 2.6X10°~
k) » ~

B 2~15  0.52~4.38 2480 7% 107

W LA S HURNGHS FAR 28 HE Y ) Ffr % 36
L, SR NEE R

(1) EBFLA AR Y. )

IS Cr=b) RN o, HATWE 2 Fis.
H 2 H1, SEERRIE — A4 ) B RO, BRI
M, fe KABAE @ =180° Abs e &5 B IE—MI A2 ) Y.y
BN, FRAEWEM, mMELEO =0 Ao 3BT
A 5T 1) BEJE A FIAE A5 Y. g 38 B A% 76 BE 2 19 KT %
Do NP EEFEIRELIT, RER IR, ZahBEEm
WK @M AE AR J il s R AR Gesgt, P ARGk
FATT M SENE A BN LR ARTE 5 TN )
g,

(2) ARTE R HIFR ] Y. J)

IR Cr=a DT o, 3 WNE 3 PR
FHIE 3 1, B N KABEAE M A7 & (0=90°
0=270° ), AN ET, BEBIIKATE ™ E. i
e REBERIA RN ) o, =0, HHMN T
Op =Opmae =27h o HBNHHEREG BB, FHECN M)
O pmax 3 BN T I O e 20 IRGAL AT [0] 457 55 A B
NP, REALTE.

1 /MPa
T T T T T T T T T T |

270
2 RESEAE (=b) REINA 6,1 7%
Fig. 2 Distribution of radial stress o,,; of deep surrounding
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Fig. 4 Distribution of radial displacement u,, of roadway

surface (r=a)
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deep surrounding rock and roadway surface
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Fig. 10 Temporal curves of axial strain of bolts at different

locations of roadway surface

5 % it
(D) P P OAEH T, SRR B 28,



1908 a5 oE L OB ¥

2015 4F

SEMAANTR] 3R 52 B B MR, HR Bl e A2 1
IV D33 KT, S R ] i v e 2 s AR, 3
BT RAZ, AT EL 22 SO F A s 7R s
[ A7 B R TE AR I [ N S AR A . AR IE I
TRHB I A AR A A ZE RO, RIIZAE N ferh,
HUIMARTE Y, DA, MR 1) 07 B B S
PLE

(2) I PAMFIRAT N R T IR 7 < B
BN AT IR BN ) LU Sh3F BlA AT 5 DRI Y
TR IX =8 1B e sk I R S35 R PO A
SRR X BRIRIHE S B, BRI iR, TR
B L AERT: DEAgg e T ARSI Ik 2R
BURGIIIR, SZIEA BW i8R, RN BT S 2
My XA, EBRWFAAS, X B A 0
PIm,  HAREHR AR R e s, — b
HLRETS A A TE ph AR

(3) {01 457 B PRV B AT b N S S 0 A 7
SN BIE AL R M BINR JX i &, HAT
UZE sz, AESRR R R REA R WA

CAOAR BRI 25 R BRI T B& 7 Hr &
Ry RUIPE A aE R TR R — 2 it e
X

S

(1] FA, frgik. s KB R B 5 BORM]. 4RM:
E Ak K2 R AL, 2001, (DOU Lin-ming, HE Xue-giu.
Rockburst prevention theory and technology[M]. Xuzhou:
China University of Mining and Technology Press, 2001. (in
Chinese))

21 ¥ %, SEbkda, DU, & AR LR SCh i T

X, R 524 TR, 2010, 27(1): 40 - 44. (HE Hu,
DOU Lin-ming, GONG Si-yuan, et al. Mechanism of
rockburst prevention and supporting control technology in
roadways[J]. Journal of Mining & Safety Engineering, 2010,
27(1): 40 - 44. (in Chinese))

3] Wik, SEhkda, ok R, S phl T AR TE R I 5
55 58 0 SRR e LN AT [T A 2, 2008, 29(2):
359 - 364. (GAO Ming-shi, DOU Lin-ming, ZHANG Nong,
et al. Strong-soft-strong mechanical model for controlling
roadway surrounding rock subjected to rock burst and its
application[J]. Rock and Soil Mechanics, 2008, 29(2): 359 -
364. (in Chinese))

[4] FO65, KM, WSO, A HRTS) N NN R Y ) 53
AT RARBAE S BT I]. RA™ 224 TREAEHR, 2009, 26(1):
114 - 117. (WANG Guang-yong, ZHANG Su-hua, XIE

Wen-qiang, et al. Numerical analysis of dynamic response
and axial stress distribution of rock bolts under explosive
loads[J]. Journal of Mining & Safety Engineering, 2009,
26(1): 114 - 117. (in Chinese))

(51 M A, WA, BAOK, 5. HFE S N E R E)
o N B BT[], 25 0027, 2009, 30(9): 2805 - 2809.
(YANG Zi-you, GU lJin-cai, YANG Ben-shui, et al.
Numerical analysis of reinforcement effects and response to
dynamic loads characteristics of rock bolts[J]. Rock and Soil
Mechanics, 2009, 30(9): 2805 - 2809. (in Chinese))

(6] Az, VFHEAS. MEXEN Iy 0 fBh Ak 210 23 B S 6F 5T D).
1%, 2002, 23(4): 455 - 458. (ZHU Chuan-yun, XU
Gui-sheng. Analysis and study on dealing with blasting wave
as planar-wave[J]. Rock and Soil Mechanics, 2002, 23(4):
455 - 458. (in Chinese))

(7] BSCH . Pty BB TG B AT S2 4 SR B0 AT (0], T TT R,
2009, 14(3): 59 -61. JU Wen-jun. Analysis of supporting
principles of anchored-bolt in roadway with burst danger[J].
Coalmining Technology, 2009, 14(3): 59 - 61. (in Chinese))

(8] A4k, Jo UE, 2 vh, AF BROHE AR R BEAT B
R G AT WIS Y S S BB T[], B T1%%, 2013, 34(8):
2218 -2224. (LI Xing-hua, LONG Yuan, JI Chong, et al.
Analysis of dynamic stress concentration factor for existing
circular tunnel lining under blasting seismic wave[J]. Rock
and Soil Mechanics, 2013, 34(8): 2218 - 2224. (in Chinese))

(91 BIA UL T BT AL A W 3 A0 IR (K3 g S 53
Wi[D]. Kub: WIE K%, 2009. (ZHONG Qi-kai. Dynamic
response analysis of underground cylindrical composite-
lining cavern subjected to seismic waves[D]. Changsha:
Hunan University, 2009. (in Chinese))

[10] PAO Y H, MOW C C. The diffraction of elastic waves and
dynamic stress concentrations[M]. New York: Crane &
Russak, 1973.

(117 7 YT B SR Eh B O A AR R R 75 b LB 5
[D]. #M: FEA MK, 2013. (HE Jiang. Research of
mining dynamic loading effect and its induced rock burst in
coal mine[D]. Xuzhou: China University of Mining and
Technology, 2013. (in Chinese))

(12] FO6H. & w0 = HU e ) BORFE WD), A AE:
o BF R K%, 2009. (WANG Guang-yong. Technic
study on enhancing the explosion resisting capacity of
underground opening reinforced by rockbolts[D]. Hefei:
University of Science and Technology of China, 2009. (in
Chinese))



510

FIEX, 55 Sh@dE N B EAT S S R A LT ST 1909

(13] Bt R, ATEW, & . RSN IS AT 5 T 5 [
TIARACEAR]. R ER 2244, 1999, 28(3): 201 - 203.
(LU Shi-liang, FU Guo-bin, TANG Lei. Regularity of
deformation of rocks around roadway under mining influence
and change of rockbolt resistance[J]. Journal of China
University of Mining & Technology, 1999, 28(3): 201 - 203.
(in Chinese))

[14] #8555k A&, vhE R, 55 GBS 5 HUR A
HIOGARMBIIEI]. B 4], 2012, 41(2): 189 -
193. (LI Zhi-bing, ZHANG Nong, HAN Chang-liang, et al.
Relationship between pre-tightening force and tightening
torque[J]. Journal of China University of Mining &
Technology, 2012, 41(2): 189 - 193. (in Chinese))

(15] 8, PR, 1Ry, 5. PN ) B AT S R
BN HI[T]. SR 24 TRE2ER, 2007, 24(1): 32 - 36.
(LI Qing-feng, MAO Xian-biao, XU Jin-hai, et al. Principles
and application of elastic wave method for prestressed bolt
testing[J]. Journal of Mining & Safety Engineering, 2007,
24(1): 32 - 36. (in Chinese))

[16] IVANOVIC A, STARKEY A, NEILSON R D, et al. The

influence of load on the frequency response of rock bolt

anchorage[J]. Advances in Engineering Software, 2003, 12(6):

697 - 705.

(17] *lifpve, B, e, 55 SATZEERIR S T A ik
SNRHIITTU[I]. 7 S TR BE, 2004, 3(4): 78 - 80.
(LIU Hai-feng, WANG Zhen, NI Xiao, et al. The study on
longitudinal vibration regulation of bolt in anchorage
quality[J]. Ground Pressure and Strata Control, 2004, 3(4): 78
- 80. (in Chinese))

(18] MHl, sk 7n. FPEsh iz M. Jbnt: o EERIE HARAL,
1988. (YANG Gui-tong, ZHANG Shan-yuan. FElastic
dynamics[M]. Beijing: China Railway Publishing House,
1988. (in Chinese))

[19] BEiER, % &, #¥re. S S SR M), db
0 MR Tk Rk, 1998, (LU Shi-liang, TANG Lei,
YANG Xin-an. Anchor bolt anchoring force and
technology[M]. Beijing: Coal Industry Publishing House,
1998. (in Chinese))

[20] mHIfL, SRR, PP, A PR E ARG R SO
ML K BTt RE AN SET]. KA 5 24 TREAE R, 2009,
26(4): 402 - 406. (GAO Ming-shi, DOU Lin-ming, YAN
Ru-lingl, et al. Prevention mechanism of roadway supported
by Dbolt-mesh subjected to rock burst and degree

calculation[J]. Journal of Mining & Safety Engineering, 2009,
26(4): 402 - 406. (in Chinese))

A E&55|

B2 BRI AT

B3 Sren AU ERA R AT

Ba BT EAR TR A )

JEds 1 AL RUKRIRFEBETT e T 80 JH4E
Jaffi 2 BHEITTEISE A IR A



