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Fig. 4 Hodogramic identification of seismic components induced by blasting
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Table 1 Charge weight and distance of each blast

- JKVHE B /m
I I I v AY Vi Wi Vil
#1 10.9 12.7 14.8 17.2 19.6 22.0 24.4 27.4
#2 159 17.7 19.8 222 24.6 27.0 29.4 324
#3 20.9 22.7 24.8 272 29.6 32.0 34.4 37.4
#4 18.3 16.5 14.4 12.0 9.6 7.2 4.8 1.8
Ziht/kg 6.6 6.6 7.7 7.7 8.8 8.8 8.8 13.2
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Fig. 14 Blast vibration velocities of smooth blastholes on the same plane
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Fig. 15 Particle motion trajectories of smooth blastholes outside the same plane

P16 il i Wi 20 i 26 1T BOGHRAL T & BB EER s i, b i LR P 5 S Iy
S, B OELANR S 5 R YA . & 16 3RH, M i#d b P U A9 PR B B T 53 AW RR I, T
S AR A PR AR 2, B P AR 44 Ab S 3 Bl P GO

(a) Horizontal radial velocity (b) Horizontal tangential velocity (c) Vertical velocity
4 .
T‘.” sz Tz_n
= z 2
3 3 E
0 15 30 45 60 75 0 15 30 45 60 75 0 15 30 45 60 75
Time/ms Time/ms Time/ms

P16 Sk FLF T AN A B0 AR A 5l ik

Fig. 16 Blast vibration velocities of smooth blastholes outside the same plane
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Fig. 17 Comparison of PPVs associated with S and R waves of smooth blast-holes on the same plane

332 GRBRIL-F @ sk PR & F e RN

HPFNCRRALF- T A PR RZ, 18] 18 S PRI Sy MIRR S A 1) PPV, Hirp SR R S 5 R 9Tk
GAEF, B SRR b PPV SR (B, PRI s 4 AR X 030, (455 55 VIDRI 465 VI B ' AR AL 75 & 179 i i
i TAGRERR, WA T BOCRALE KBRS & A S, T 3 4180 C 8Bk, BIAT 18 rhdbfu &
5 4%t o b 18 W, I A4 AR PR PPV BT S R R G, BV PR B R RN W] 200, LR AR S AR

Bk, H R AT BE B B3R, PR PPV &AIKTF S FR U, U B 3 S 100 A 25 I I 553467 B 1) AR T
A2
(a) Horizontal radial PPV (b) Vertical PPV
25 e y=57.79x7127 ij : . e y=41.06x713%
205 e R>=0.9800 PRTY S R =0.9542
o L 3 =5.02x 067 = s 3=18.03x10%
'E 15+ .~ N R2=0.6550 E 10 R*=0.7158
~ P = . P
E 10+ R E 6 S
= ol R & 4t [ SN
2|
0 1 1 1 1 ] 0 1 1 1 1 ]
2 3 4 5 6 7 2 3 4 5 6 7
SD/(m-kg™'?) SD/(m-kg ')
P18 SEHRFLP- AN A P A SR L PPV A UL

Fig. 18 Comparison of PPVs associated with P and SR waves of smooth blast-holes outside the same plane

085201-9



539 4% 15 743 5 i i %81

34 Sthsie

WL 19 Fr i, 7K ST TR A n 4 A 152 oA 21 TG B 2 4 A 0 T far 28 RN 7K ST /N AR FH R 14 3l ) 2 1)
B, 5 WK S48, ] 3k — 25 1k R 22 M Lamb [a] 85, BP > TCRR 25 [A] F Ay b2 2% 0] 8, Lamb fi# 3
IR0 2 T R 25 ] 7 3 1 AT 2 VE R, PL S TR 45 BB T 1Y 7% 26% Fll 67%, {HIX {id T4 3 4k
FE 1 43 BC, TR T A R 0 5, S 6 45 SR 3 B, AN [ 0 100 R X 1 % 32 5 0 1y 218 7R 4 N et 79 A
X 57 B S VIR G, T A A% G 7% 26% F1 67% RIfFE e LR . PRI, 78 20 B 3000 1 1ol s 72 0% A 52
M i, A 0B S ST W 0 A A 7 B, DA 5 2 S A S

‘ ‘ ‘ ‘ Rectangular forces
Vertical forces
...@....w...@... : :
Smooth blastholes +
Small force couples I
I - —

TTTTTTTTT
K19 KGR 9 N AR T 22 LB RS 1A

Fig. 19 Illustration of mechanical mechanism of horizontal smooth blasting

H P 19 AT T X6 AR AL [R] P T L i i, eAg AL AN 48 32 20 95 UIIR, JLP- AN B 5 e 4 10 1 X
TOLKEALF- 1T S 00 L, bR VI, 360 35 PR A 30T, o I s B DIk L T 8, DU s 2 Tl 23 1 T A
o P P P o3t AE R AL 1L BEAS AT 2O AN T, TR Gk AL T S B 5 o 2 R DL 55 2, R
FERUE CRR IR FRRFE 23 X A9 ol R 1 e 2 5 10 1) 6 RS e S AR

P17 W, x50 AL IR T B A9 S B AR 3l , 2 Dy B PR S W N R SRR, X IH A
TS FIREAE B LTS 080 S I S A 5T A i) = 24 R, G DRI BE 11U S L5 T R I8¢ 32 B A — 4
Mo T b A% R, R U AR B 4 O AR L, DR S A TUART S 0 R 8 T RO 1280, i S A S
K17 Rl S EAR & 17,19 ZRG 3R, BRI CRR IR0 B Fr M 0T 15 18 B A 1 AS [) T Dol I ) ke 10
(R R I s A . eAh, [ 13 15 i W, JEI0 s A DL SR 3075 18] 55 8 08 Lo M s TAH G o £ B
R, TEFRBAR Bl B U A4 T R v A e BEAS A IR L D AR 0L B R DR AL B A ML A £
A RER, 0T HR RS 2 0 14 1 0 R B PP AN TR A S

4 & it

B RT 1 HEERE KC F, ty 3URE T 478 3ok A v () — A I3 S 58, TR 23 A 1 e KT 16 TR B I8 1) e 5 38 o
A3 RE I VR AE, B AR 4518

(1) R B v A [ 0 140 R X (I B = 5 D ) 2 TR 2 2 I ) o067 10 el A8 T AR Ak, B R R P RV 1%
5 I A 100 AN T] 3 9 1) ke U8 1140 83 ol B Y A, 800 i 1) 10 35 8l 1 A 155 08 1 R ) S DAL X

(2) % F AP 10 L A A, PO AR T 28N T T, B S I 2 AR S T 10 R 3, 1T R R K
1) A 1) 4R sl XA TR TR KT GRS A A DU A, PO AR R T 2, ELHCAE R £ B 2
SRR

(3) XTSRS0 1 S F1 R P AN [F 520, Horh KPR 2 E 22l RS, 07 S P A
T 4 3 76 T DX 5 T RO, (HIAL S RO AR [R] LA 398, R % T 22.5 m/kg'(58~67 m) AbJF i 3 5 1%
LI R 30

AR AR AR R T KV T 1 38 b R U R, AR A T SE MY 4598, S5 SRR T SR L
bR VR BT 380 2 W 52 0 O BIF 9T o 5 A, PP SR P B 3t R D B4 TR S vk AN BE S BRI Y SE 0 B, AT A
TR Z AT R o3 53 B T % o

085201-10



539 4 TR R, S RSP TTR MR R I 3 B DR % 8 1

S 30k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

FSCHE, TEE, A, 5. =R TR A SERITT 2 SR Sl i 22 Aol (1], 84 5 vhidi, 2001, 21(1): 67-71.

LU Wenbo, LAI Shixiang, ZHU Chuanyun, et al. Safety standards of blast vibrations adopted in rock base excavation of the
Three Gorge Project [J]. Explosion and Shock Waves, 2001, 21(1): 67-71.

BRI, F T, B, 5. SRR R A R TR LA [7]. 541 1775 TR, 2003, 22(11): 1887-1891.
LI Haibo, JIANG Huijun, ZHAO lJian, et al. Some problems about safety analysis of rock engineering under dynamic load [J].
Chinese Journal of Rock Mechanics and Engineering, 2003, 22(11): 1887-1891.

FESCIE, AN, BRI, 45 K i TR R 2 e 4 4 KB T v ) JLAS SR TR (0], A A 02 5 TR, 2009, 28(8):
1513-1520.

LU Wenbo, LI Haibo, CHEN Ming, et al. Safety criteria of blasting vibration in hydropower engineering and several key
problems in their application [J]. Chinese Journal of Rock Mechanics and Engineering, 2009, 28(8): 1513-1520.

MCGARR A. Estimating ground motions for small nearby earthquakes [C] // Seismic Design of Embankments and Caverns.
New York: ASCE, 1983: 113—127.

EV U, A1 7K, B, A5, ARLe: 3SR AR IR Sl i B I A NS 0], A 557, 2007, 28(9): 1871-1878.

LYU Tao, SHI Yongqiang, HUANG Cheng, et al. Study on attenuation parameters of blasting vibration by nonlinear
regression analysis [J]. Rock and Soil Mechanics, 2007, 28(9): 1871-1878.

BLAIR D P. Non-linear superposition models of blast vibration [J]. International Journal of Rock Mechanics and Mining
Sciences, 2008, 45(2): 235-247.

JE3C)E, HUSTRULID W. J5 s WA 4R s B 5 A = A Bieadh [J]. TR, 2002, 8(3): 1-4.

LU Wenbo, HUSTRULID W. An improvement to the equation for the attenuation of the peak particle velocity [J].
Engineering blasting, 2002, 8(3): 1-4.

KHANDELWAL M, SINGH T N. Prediction of blast-induced ground vibration using artificial neural network [J].
International Journal of Rock Mechanics and Mining Sciences, 2009, 46(7): 1214-1222.

AR, P, KL, 4F. HET Matlab 1 BP 128 00 2% () R B R 5 BOIN R ¢ (9], B9 b, 2017, 37(6): 1087-1092.
DOI: 10.11883/1001-1455(2017)06-1087-06.

SHI Jianjun, L1 Qingya, ZHANG Q4, et al. Forecast system for blasting vibration velocity peak based on Matlab and BP neural
network [J]. Explosion and Shock Waves, 2017, 37(6): 1087-1092. DOI: 10.11883/1001-1455(2017)06-1087-06.

SINGH P K, ROY M P. Damage to surface structures due to blast vibration [J]. International Journal of Rock Mechanics and
Mining Sciences, 2010, 47(6): 949-961.

JEMR M, 7 3G, TR AR, A BRI R AL 1 AR A IR S AR S O R T AT (0], A0 1o 5 TR A, 2014, 33(11):
2171-2178.

ZHOU Junru, LU Wenbo, ZHANG Le, et al. Attenuation of vibration frequency during propagation of blasting seismic wave [J].
Chinese Journal of Rock Mechanics and Engineering, 2014, 33(11): 2171-2178.

T, Wiy, 70, 5. TRIBER AR IT 12 LA IR SRR ERTST (1. & 1917, 2017, 38(4): 1195-1202.

YANG Jianhua, YAO Chi, LU Wenbo, et al. Vibration frequency characteristics of surrounding rock of deep tunnel induced
by borehole-blasting [J]. Rock and Soil Mechanics, 2017, 38(4): 1195-1202.

BB, SR M, FA . B Y R g R SR 5 R N WESY (9], K K5 il 2017, 37(6): 1017-1022. DOL:
10.11883/1001-1455(2017)06-1017-06.

WU Xu, ZHANG Yunpeng, GUO Qifeng. Amplification and attenuation effect of blasting vibration on step topography [J].
Explosion and Shock Waves, 2017, 37(6): 1017-1022. DOI: 10.11883/1001-1455(2017)06-1017-06.

P, a3, BN, 45 RE TR SR AE I R IR IR BT ST (7], B2, 2015, 40(S1): 107-112.

ZHONG Dongwang, HE Li, CAO Peng, et al. Experimental study of reducing vibration intensity based on controlled blasting

085201-11


http://dx.doi.org/10.3321/j.issn:1001-1455.2001.01.014
http://dx.doi.org/10.3321/j.issn:1001-1455.2001.01.014
http://dx.doi.org/10.3321/j.issn:1000-6915.2003.11.028
http://dx.doi.org/10.3321/j.issn:1000-6915.2003.11.028
http://dx.doi.org/10.3321/j.issn:1000-6915.2009.08.001
http://dx.doi.org/10.3321/j.issn:1000-6915.2009.08.001
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.09.019
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.09.019
http://dx.doi.org/10.1016/j.ijrmms.2007.05.002
http://dx.doi.org/10.1016/j.ijrmms.2007.05.002
http://dx.doi.org/10.3969/j.issn.1006-7051.2002.03.001
http://dx.doi.org/10.3969/j.issn.1006-7051.2002.03.001
http://dx.doi.org/10.1016/j.ijrmms.2009.03.004
http://dx.doi.org/10.11883/1001-1455(2017)06-1087-06
http://dx.doi.org/10.11883/1001-1455(2017)06-1087-06
http://dx.doi.org/10.1016/j.ijrmms.2010.06.010
http://dx.doi.org/10.1016/j.ijrmms.2010.06.010
http://dx.doi.org/10.11883/1001-1455(2017)06-1017-06
http://dx.doi.org/10.11883/1001-1455(2017)06-1017-06
http://dx.doi.org/10.3321/j.issn:1001-1455.2001.01.014
http://dx.doi.org/10.3321/j.issn:1001-1455.2001.01.014
http://dx.doi.org/10.3321/j.issn:1000-6915.2003.11.028
http://dx.doi.org/10.3321/j.issn:1000-6915.2003.11.028
http://dx.doi.org/10.3321/j.issn:1000-6915.2009.08.001
http://dx.doi.org/10.3321/j.issn:1000-6915.2009.08.001
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.09.019
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.09.019
http://dx.doi.org/10.1016/j.ijrmms.2007.05.002
http://dx.doi.org/10.1016/j.ijrmms.2007.05.002
http://dx.doi.org/10.3969/j.issn.1006-7051.2002.03.001
http://dx.doi.org/10.3969/j.issn.1006-7051.2002.03.001
http://dx.doi.org/10.1016/j.ijrmms.2009.03.004
http://dx.doi.org/10.11883/1001-1455(2017)06-1087-06
http://dx.doi.org/10.11883/1001-1455(2017)06-1087-06
http://dx.doi.org/10.1016/j.ijrmms.2010.06.010
http://dx.doi.org/10.1016/j.ijrmms.2010.06.010
http://dx.doi.org/10.11883/1001-1455(2017)06-1017-06
http://dx.doi.org/10.11883/1001-1455(2017)06-1017-06
http://dx.doi.org/10.3321/j.issn:1001-1455.2001.01.014
http://dx.doi.org/10.3321/j.issn:1001-1455.2001.01.014
http://dx.doi.org/10.3321/j.issn:1000-6915.2003.11.028
http://dx.doi.org/10.3321/j.issn:1000-6915.2003.11.028
http://dx.doi.org/10.3321/j.issn:1000-6915.2009.08.001
http://dx.doi.org/10.3321/j.issn:1000-6915.2009.08.001
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.09.019
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.09.019
http://dx.doi.org/10.1016/j.ijrmms.2007.05.002
http://dx.doi.org/10.1016/j.ijrmms.2007.05.002
http://dx.doi.org/10.3969/j.issn.1006-7051.2002.03.001
http://dx.doi.org/10.3969/j.issn.1006-7051.2002.03.001
http://dx.doi.org/10.1016/j.ijrmms.2009.03.004
http://dx.doi.org/10.11883/1001-1455(2017)06-1087-06
http://dx.doi.org/10.11883/1001-1455(2017)06-1087-06
http://dx.doi.org/10.1016/j.ijrmms.2010.06.010
http://dx.doi.org/10.1016/j.ijrmms.2010.06.010
http://dx.doi.org/10.11883/1001-1455(2017)06-1017-06
http://dx.doi.org/10.11883/1001-1455(2017)06-1017-06
http://dx.doi.org/10.3321/j.issn:1001-1455.2001.01.014
http://dx.doi.org/10.3321/j.issn:1001-1455.2001.01.014
http://dx.doi.org/10.3321/j.issn:1000-6915.2003.11.028
http://dx.doi.org/10.3321/j.issn:1000-6915.2003.11.028
http://dx.doi.org/10.3321/j.issn:1000-6915.2009.08.001
http://dx.doi.org/10.3321/j.issn:1000-6915.2009.08.001
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.09.019
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.09.019
http://dx.doi.org/10.1016/j.ijrmms.2007.05.002
http://dx.doi.org/10.1016/j.ijrmms.2007.05.002
http://dx.doi.org/10.3969/j.issn.1006-7051.2002.03.001
http://dx.doi.org/10.3969/j.issn.1006-7051.2002.03.001
http://dx.doi.org/10.1016/j.ijrmms.2009.03.004
http://dx.doi.org/10.11883/1001-1455(2017)06-1087-06
http://dx.doi.org/10.11883/1001-1455(2017)06-1087-06
http://dx.doi.org/10.1016/j.ijrmms.2010.06.010
http://dx.doi.org/10.1016/j.ijrmms.2010.06.010
http://dx.doi.org/10.11883/1001-1455(2017)06-1017-06
http://dx.doi.org/10.11883/1001-1455(2017)06-1017-06

539 4% 15 743 5 i i %81

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

[28]

[29]

[30]

[31]
[32]

[33]

with precise time delay [J]. Journal of China Coal Society, 2015, 40(S1): 107-112.

Gt WA, I SR MY 3B R BRI S SRR 3% 4 (7). B 5 kit 2014, 34(2): 153-160. DO
10.11883/1001-1455(2014)02-0153-08.

ZHU Jun, YANG Jianhua, LU Wenbo, et al. Influences of blasting vibration on the sidewall of underground tunnel [J].
Explosion and Shock Waves, 2014, 34(2): 153—-160. DOIL: 10.11883/1001-1455(2014)02-0153-08.

VRURIR, JH G, BT AR, SF L HRAE A PR TRDOT I I 22 SRS R IR S (EL R SE IR [J]. 0 J1°7 5 TR, 2016, 35(09):
1815-1822.

LENG Zhendong, LU Wenbo, HU Haoran, et al. Studies on influence of blast-created free face on ground vibration in slope
blasts with millisecond-delays [J]. Chinese Journal of Rock Mechanics and Engineering, 2016, 35(9): 1815-1822.

IR R, S, VR URAR, A BRI TPz R e FR R F LA B A I (0], 93 S5 b, 2018, 37(9): 8-16.

GAO Qidong, LU Wenbo, LENG Zhendong, et al. Optimization of cut-hole detonator position in tunnel excavation [J].
Journal of Vibration and Control, 2018, 37(9): 8-16.

DOWDING C H. Construction vibrations [M]. NJ: Prentice Hall, 1996.

FAVREAU R F. Generation of strain waves in rock by an explosion in a spherical cavity [J]. Journal of Geophysical Research,
1969, 74(17): 4267-4280.

GRAFF K F. Wave motion in elastic solid [M]. Oxford University Press, 1975.

HEELAN P A. Radiation from a cylindrical source of finite length [J]. Geophysics, 1953, 18(3): 685.

BLAIR D P. Seismic radiation from an explosive column [J]. Geophysics, 2010, 75(1): 55-65.

FREDERIC V, ENRIQUE P C, LUIS A Q. P and S Mach waves generated by the detonation of a cylindrical explosive charge:
experiments and simulations [J]. Fragblast, 2002, 6(1): 21-35.

AKI K, RICHARDS P G. Quantitative Seismology [M]. 2nd ed. Sausalito, California: University Science Books, 2002.

BT . SR PR T e B A (M. L3t RIS R AL, 1992.

FALSE. By AR (M. Jtat: BB Tl L, 2005.

GAO Qidong, LU Wenbo, HU Yingguo, et al. An evaluation of numerical approaches for S-wave component simulation in
rock blasting [J]. Journal of Rock Mechanics and Geotechnical Engineering, 2017, 9(5): 830-842.

SO, N, 5, & A D AR S Y™ AL 04T [0, e 17157, 2011(S2): 228-232.

JIN Xuhao, LU Wenbo, TIAN Yong, et al. Analysis of mechanisms of S wave generated in rock blasting process [J]. Rock and
Soil Mechanics, 2011(S2): 228-232.

BB, A0, R, & RIRIEBET T S S A AL AY FL AT [J]. B4, 2015, 32(3): 10-16.

HU Yingguo, LU Wenbo, GAO Qidong, et al. Comparison of generation of S-wave with different simulation approach [J].
Blasting, 2015, 32(3): 10-16.

R AR, A0k, i E R, S MR MR R S U O ik B LR A [0 AR 5w, 2018, 38(1): 28-36. DOL:
10.11883/bzycj-2017-0178.

YANG Zhaowei, LU Wenbo, GAO Qidong, et al. A S-wave phase picking method for blasting seismic waves and its
application in engineering [J]. Explosion and Shock Waves, 2018, 38(1): 28-36. DOI: 10.11883/bzycj-2017-0178.
KUZMENKO A A, VOROBEV V D, DENISYUK 11, et al. Seismic effects of blasting in rock [M]. 1993: 16—22.

FOTI S, LAI C, RIX G, et al. Surface wave methods for near-surface characterization [M]. Boca Raton, FL, Crossref: CRC
Press, 2014.

FRIR L, ARALHL, SAVER. RO S MR 125 5 [1]. HUBRPy 324, 1975, 18(3): 208-216.

ZHENG Zhizhen, ZHU Chuanzhen, HU Zuochun. Differences between explosions and earthquakes [J]. Chinese journal of
geophysics, 1975, 18(3): 208-216.

085201-12


http://dx.doi.org/10.11883/1001-1455(2014)02-0153-08
http://dx.doi.org/10.11883/1001-1455(2014)02-0153-08
http://dx.doi.org/10.1029/JB074i017p04267
http://dx.doi.org/10.1190/1.1437923
http://dx.doi.org/10.1076/frag.6.1.21.8849
http://dx.doi.org/10.1016/j.jrmge.2017.05.004
http://dx.doi.org/10.3963/j.issn.1001-487X.2015.03.002
http://dx.doi.org/10.3963/j.issn.1001-487X.2015.03.002
http://dx.doi.org/10.11883/bzycj-2017-0178
http://dx.doi.org/10.11883/bzycj-2017-0178
http://dx.doi.org/10.11883/1001-1455(2014)02-0153-08
http://dx.doi.org/10.11883/1001-1455(2014)02-0153-08
http://dx.doi.org/10.1029/JB074i017p04267
http://dx.doi.org/10.1190/1.1437923
http://dx.doi.org/10.1076/frag.6.1.21.8849
http://dx.doi.org/10.1016/j.jrmge.2017.05.004
http://dx.doi.org/10.3963/j.issn.1001-487X.2015.03.002
http://dx.doi.org/10.3963/j.issn.1001-487X.2015.03.002
http://dx.doi.org/10.11883/bzycj-2017-0178
http://dx.doi.org/10.11883/bzycj-2017-0178
http://dx.doi.org/10.11883/1001-1455(2014)02-0153-08
http://dx.doi.org/10.11883/1001-1455(2014)02-0153-08
http://dx.doi.org/10.1029/JB074i017p04267
http://dx.doi.org/10.1190/1.1437923
http://dx.doi.org/10.1076/frag.6.1.21.8849
http://dx.doi.org/10.1016/j.jrmge.2017.05.004
http://dx.doi.org/10.3963/j.issn.1001-487X.2015.03.002
http://dx.doi.org/10.3963/j.issn.1001-487X.2015.03.002
http://dx.doi.org/10.11883/bzycj-2017-0178
http://dx.doi.org/10.11883/bzycj-2017-0178
http://dx.doi.org/10.11883/1001-1455(2014)02-0153-08
http://dx.doi.org/10.11883/1001-1455(2014)02-0153-08
http://dx.doi.org/10.1029/JB074i017p04267
http://dx.doi.org/10.1190/1.1437923
http://dx.doi.org/10.1076/frag.6.1.21.8849
http://dx.doi.org/10.1016/j.jrmge.2017.05.004
http://dx.doi.org/10.3963/j.issn.1001-487X.2015.03.002
http://dx.doi.org/10.3963/j.issn.1001-487X.2015.03.002
http://dx.doi.org/10.11883/bzycj-2017-0178
http://dx.doi.org/10.11883/bzycj-2017-0178

539 4 TR R, S RSP TTR MR R I 3 B DR % 8 1

Components and attenuation of seismic waves
induced by horizontal smooth blasting

GAO Qidong'?, LU Wenbo'?, YANG Zhaowei'?, YAN Peng'?, CHEN Ming'*
(1. State Key Laboratory of Water Resources and Hydropower Engineering Science,
Wuhan University, Wuhan 430072, Hubei, China;
2. Key Laboratory of Rock Mechanics in Hydraulic Structural Engineering (Ministry of Education),
Wuhan University, Wuhan 430072, Hubei, China)

Abstract: In this paper, using polarization analysis, we characterized the seismic waves induced by the
horizontal smooth blasting in a group of onsite blasting experiments, presenting interpretation of wave
components and offering comparison of attenuation characteristics and evaluation of the influences of
different waves. We also examined the inherent mechanical mechanism of the horizontal smooth blasting
under some simplifications. The results show that the proportion of different waves and the dominant wave
type both vary with the relative location of interest, and the dominant motion direction at a specific position
closely correlates with the wave components. The pattern of the blasting source and the different attenuation
characteristics jointly determine the wave components and their evolutions. For the horizontal smooth
blasting, only S and R waves are included on the same plane of smooth blastholes, while the P wave
component is negligible. The horizontal vibration is mainly caused by the R wave, while the S wave mainly
vibrates in the vertical direction and its vertical velocity in the near field is much higher than that of the R
wave. However, the R wave still dominates the vertical vibration if the scaled distance exceeds 22.5 m/kg'"?
(58—67 m), due to the different attenuation speeds of S and R waves. As for the seismic waves outside the
same plane of smooth blastholes, the influence of the P wave cannot be ignored and it might become the
dominant wave type somewhere. This study can help to enhance the understanding of blast-induced seismic
waves.

Keywords: horizontal smooth blasting; blast vibration; blast-induced seismic waves; components;
attenuation characteristics
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