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Dynamic stress concentration factor for tunnel surrounding rock under

blasting seismic waves

LI Xing-hua, LONG Yuan, JI Chong, ZHOU Xiang, LU Liang
(College of Field Engineering, PLA Univ. of Sci. & Tech., Nanjing 210007, China)

Abstract: The blasting seismic waves are simplified reasonably. Based on the wave function expansion method, an equation for
dynamic stress concentration factor of tunnel surrounding rock of infinite rock under the blasting seismic waves is deduced

Based on a typical case, the influences of the main frequency of the blasting seismic wave and the physico-mechanical indices

of tunnel surrounding rock on the dynamic stress concentration factor at different positions are quantitatively analyzed. The

of rock on the factor can almost be neglected

results show that the dynamic stress concentration factor of tunnel surrounding rock near blasting is larger than that far away
peak of the dynamic stress concentration factor under different main frequencies of the blasting seismic waves. The elasticity

0 3

—_

from it. The peak of dynamic stress concentration factor of tunnel surrounding rock is close to the near-blasting side. There is a

modulus of the surrounding rock has a greater effect on the dynamic stress concentration factor, and the effect of Poisson's ratio
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Fig. 1 Simplified model of reciprocity between blasting seismic

waves and tunnel surrounding rock
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Fig. 2 Relative position of tunnels in Hongshan South Road
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Fig. 3 Distribution of tangential stress peak of tunnel surrounding

rock
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Fig. 4 Distribution of dynamic stress concentration factor of tunnel

surrounding rock
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Fig. 5 Variation curves of dynamic stress concentration factor with

main frequency of blasting seismic waves
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Fig. 6 Variation curves of dynamic stress concentration factor with
elastic modulus of tunnel surrounding rock
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Fig. 7 Variation curves of dynamic stress concentration factor with

Poisson's ratio of tunnel surrounding rock

5 &

ASCRIRATR BB TS, S T = e
NREEE A SN S R, A TR, T T
TR 1 75 Y0 A= ORI [ W) B D) 25 R bron) Bl . T £ R
Hspny, EEAERILIT 4 fige.

(1) R R M 2 35 5 A Ay i 1O ) P 9 e 0
T AT LIS B BEE Fw (2h N 8 rh R 8L WE9Esh
4R AR AR B ) A A 4RI AR AR T DX K B T 5
Ry

(2) P Bl A I Bl 13 g £ P R O 115 1
M, I HL2h 7 8 A 2 S de AR i i) T B0 L (1
R .

(3) HRRBA M R T AORT RS LA R B N g S
REATHONGEW, AFAEsh NS R BEAE, i)
S A P PR AR IR 51 22 4 SRV AR E I N 2% R
P AN o

(4) BEIE [ AW T 23R bR 3 B BT 5 b R H
(RIS, SRR XY S T R B R K
MARA LEIRIRE W o

EEpa
(1] X . ABUT RO BEIE S0 (KR 08 JRE (7], MR, 1999,

16(1): 57 - 63. (LIU Hui. Study progress of influence of
nearby blasting on a tunnel[J]. Blasting, 1999, 16(1): 57 - 63.
(in Chinese))

(2] MHEE, Wi, GO, S IR A8 SRR RO WE AT
b8 4R SR )]. 5 1%, 2011, 32(2): 537 - 541. (YE



582 P

2013 4F

Pei-xu, YANG Xin-an, LING Bao-lin, et al. Vibration effects
on existing tunnel induced by blasting of an adjacent cross
tunnel[J]. Rock and Soil Mechanics, 2011, 32(2): 537 - 541.
(in Chinese))

(31 BHAERL, JH fif, XIEER BREGESIER] N A b iE ) )
FEEMT[I]. A4 707 5 T REAAR, 2005, 24(H T 2): 5803
- 5807. (YANG Sheng-quan, ZHOU lJian, LIU Bao-chen.
Blasting vibration analysis of concrete lining tunnel[J].
Chinese Journal of Rock Mechanics and Engineering, 2005,
24(S2): 5803 - 5807. (in Chinese))

(4] TRPCKR, BRI, WA, A /Nl REE S R R
IHIE[I). A J1%%, 2008, 29(10): 2655 - 2660. (ZHANG
Qing-song, LI Li-ping, LI Shu-cai, et al. Experimental study
of blasting dynamic vibration of closely adjacent tunnels[J].
Rock and Soil Mechanics, 2008, 29(10): 2655 - 2660. (in
Chinese))

[5] XHess, KIERR, FIRME, 5 SUBEF I 20 TRk
W 5 2 #r [9]. A & J1%%, 2011, 32(3): 855 - 860.
(DENG Hua-feng, ZHANG Guo-dong, WANG Le-hua, et al.
Monitoring and analysis of blasting vibration in diversion
tunnel excavation[J]. Rock and Soil Mechanics, 2011, 32(3):
855 - 860. (in Chinese))

(6] ERZKLL, PR, ST Bs i B A i 2 0t B AT B 3 5% R AT
SE[I]. FEHEE, 2004, 10(4): 69 - 73. (BI Ji-hong, ZHONG
Jian-hui. Study on influence of blasting vibration from
excavation of a new tunnel on existed tunnel[J]. Engineering
Blasting, 2004, 10(4): 69 - 73. (in Chinese))

(71 W& 55, A7 1L I/ i B R A e 50 i . 73 A S
BT IE[T]. 4127, 2009, 30(9): 2815 - 2822. (YAO
Yong, HE Chuan. Analysis of blasting vibration response of
parallel set small clear-distance tunnels and blasting control
measures[J]. Rock and Soil Mechanics, 2009, 30(9): 2815 -
2822. (in Chinese))

(8] ARV, EWILE. /b A8 SR T B0 AR ) i) 2T 5T (0],
A TTRE2ER, 2007, 29(1): 116 - 119. (ZHAO Dong-ping,
WANG Ming-nian. Study on influence of blasting vibration

on cross tunnels with small clearance[J]. Chinese Journal of
Geotechnical Engineering, 2007, 29(1): 116 - 119. (in
Chinese))

[91 Z K, Jo3Cut, SR, BRI SN /R IR T &
PRI CWFFTI]. 4, 2005, 22(4): 4 - 7. (YI Chang-ping,
LU Wen-bo, ZHANG lJian-hua. Study on critical failure
vibration velocity of underground chambers under action of
blasting vibration[J]. Blasting, 2005, 22(4): 4 - 7. (in
Chinese))

[10] HALz, VREEAS. HRAER 3B AL B 20T S5 T 5T 0],
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))

(11] FIES%. B R B ah ) 27 il 15 e RN (M. 1R
ML R R 2% kL, 2004, (XIAO Zheng-xue. Blasting
seismic wave dynamical foundation and seismic effect{M].
Chengdu: The University of Electronic Science and
Technology Press, 2004. (in Chinese))

[12] PAO Yih-hsing, MOW Chao-chow. Diffraction of elastic
waves and dynamic stress concentrations|[M]. Crane: Russak
& Company Inc, 1973.

[13] BhE gl N BB AL R % A 7 0N 13 ) S
SrHTID]. Kvb: WiF 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))

[14] REape, & B B EAE T A OB IE I IR FHRS)
BEM]. bR R4 ol Rk, 1985, (ZHU Rui-geng,
LI Zheng. Critical failure vibration velocity of rock tunnel
under blasting seismic wave[M]. Beijing: Metallurgical
Industry Press, 1985. (in Chinese))

[15] GB6722—2003 MR 22 A FE[S]. dbnt: v EARAE AL,
2003. (GB6722—2003 Blasting safety regulations[S]. Beijing:
China Standards Press, 2003. (in Chinese))



