29 Ho5 W 'J:% ME Ej ‘{EF' _E'-:l Vol. 29, No.5
2009 4£ 9 H EXPLOSION AND SHOCK WAVES Sept. » 2009

XEHS: 1001-1455(2009)05-0492-05

2T MR RERITI E

FRAE UK E AR AE
(L. PR AR F K s 24 B PO I BT 610065
2. R BUK K VR K TR R R S W R 430072)

FEE A 0k 4R 2 0 - BE i 0 AR R E B AT M RS BRI T — BRI T ORISR RE o BT O . DR
BB RAE T — 28 WURIE I 43 1 AR AR X RN s DA Ry R R HE S R RT D SRAE 5 B R B A B - R A 1Y T
FOTE B A ARSI A M 5 R AR B R I O v T L SIS A R Sl O A R AT ) BRI
55 AT /N AR 3 B A AR BT T IR AR TR T 0 IR R — B B T T R Y B e BT T vk B R
FHABEGE 4347 56 780 DA BsF 4580 30 401 35K 1 % Ak o DR 0t o3 B 2o 82 5 06, A 30 0 ST L T4 ) B R R

KW« HRKE T RE B AT s DR MR AR

FESZES: 0382;TD235. 1 E#RFRAR: 130 + 3520 XEARERD: A

1 31 &

FERRIEE AR AE KR A7 L1 5 30 R S A M R R e R ) A T T R % R R T 2800
AR 1) e B O b 5 o ] LA R ) ST A0 RSSO 3 ) A 5 o AR B2 AL L R A R A I S ) A el
S AR Xk A A M 7 Y 1 T AR O R TR SR S BT o R M RR X A5 M B0 G N A IR Bl 5 A R L I
GAR R A S S R UM OC . A R ) AR £ S W TR (BRI R 5 2 R Ll 1 £ S 2 B 2 T
B T LAY Al R 0 3 7 R 4 IR AR 0 A AR AL o R I R B B AR AR B TS b, T O SR P /R
RN B X Ry B R R A e W B SO Byl AR EOR A DB SE PR R oA A, A
SCHR UL DA i il AT 0 A v R R R A B SCT AR SR T I A A R T R R A O 1

2 ETHRENBRBMERES TREE

2.1 BWIREIAE 5T

TE BRSBTS 73 B b AT FE B 2 B 2 R0 . DRl ek om0 B 0 3 ok ORI B 3 R e
B0 AR AR S 0 A o, 35 AR B R pR

FLAH 5% BRI K] 4 2 T RE AL AR 9 53R A S L AR 11 R S o 50 e e A e R G e AR
B E A OC bR B B AE S, T LA F

E[f* ()] :J:‘Wf(ﬂdf 1)

Ay £ RBENLE R W () 888500 B 0035 25 B eR A, f AR

MDA LA B B £ (o BB E RS E W O X F TR BCE e, W (Hdf 355
TR f—df/2. f+df/2] JERMRE T B W () FRBEVUE S £ 1SR oy By
HAE . — B X E L D GE e S5 AR A 5 B IE e BT LA W () AT LR AR BE VLR 5 78 7 A A
PN TR I A ek Y B S FR IR A0 A B R L BORR hy ) R R A

« Wris B HA: 2008-04-28; f&E HHI: 2008-09-09
BEEWE: EXARPIERES TS HE (50539100 ; 2 & 1 -+ 508 200 3 4 5 H (200806101039) 5

91148 BB S 8 T4 (20085Z0232)

EB” N Q79— LB L YR,



5% 5 UL EAE . T I AR i) 45 10 b 7R RE 1 0 AT T VR 493

2.2 BREIRIIEE
e MR X S B s, E S AR S SRR X TS B Am BTG, 7R R — B &,
R B R RE & T LR IR A
E:%Amvz(t) (2)
Ko@) e B2 RSB . (2 AT LUE 1 0 IR 30 g £ W) 4 30 2 B R OE LL , i 2 5 o0 o
H.XQO®EN
E=v"() (3)
(R o AT LA A3 0 B 50 4% 15 221 i 3k 38 1 ~F- T Sk iy e 5t — I 21 iR 3 7 RE 1 K/
S R IR S5 5 10 RE B AE — i B[R] B b SRR A R R B B iR B A5 5 B e i RN B A B R A
TERR TR BE BT A A9 RA . X TR A
E: =J o (Ddt 4)

s Er RN E R BN IRBIR S A B RE B ¢ w0, W TSRS BEOE BRI 20 AN % T2
Un 2R 2 e R A BRIk 3 D A U AT LA B0 A IR B0 ) B

E, :Jv2(t)dz‘, (5)
R M A i 3R sh (= B w5 5, B LS (5O AT L BUE R F#om N
EOZ(sz(t,)—M)At (6)

2 o) B B R 4R 3 S B2 SR AT B, ¢ R e, 3 00 R R AR B DD AR R A RS TR 2 A SRR
SRR CTICTE
2.3 BRI E BEERAL
TESB AR S35 o3 Mr v D 48 o L AU R Y 3 2 B D R e i (H I RS W ()
A LA VR REHILAE 5 A S SLA0HE A I 0 B B BE S 45 0% 0 A B B i B O R 4 R R T — E R
I B R e AR X /N AT ke R L) B 23 i 0 R B IR 20 7 — S AU S PR I ) RE A R AT A
Xt T HR IR Bl X — B U 5 B A A5 B A9 S BIOBTR  E A D RS (R, R X — R AR B
F 5 oo (N AR AR 21t i) 4 B 22 PRl AR 3 s B2 i DAGX HL T o R SR B AR 3l )
PEAT IR 53 M1 45 BB RO B SRARAE R B, A I A Dy 3308 5 BEAEL W () DU T s Aty i [ C
< /< /[, WRER RS SRR LB AT DR AR

pr = (WD) (WD) (7
it B AR AN SRR AR Sl I SRR D AR 2% 2 T R SRR S B g IR SIS 2 B 4
RSNy fo/ 2 B LIRS ST A g 3 BESR RIS S M f =0 B f = f./2 Z 18] {2 38 38 %6 L (R B A
e B (6) 15744 BB 4k 3 9 B BE = 05 AT X (7) SR A5 R BE A LU )T LAAR 28 5 st i 5 s — 8
WA 0 BN A R U gl RE (R, ROR A
E:=pr E, (8)
PR ) TR S B R AR S A5 T R BEAT G 20 A7 IS A0 RORs B A IR 0y Sy o T B RS X (6) ~
(8) , BV AT SR A5 & 931 32 X B A ) BE 2k LU 491 R RE e /0N LA K R AN S B AR 20 P 782 100 SR A o DT 326 38 5
A AR RO AR S0 450 3 K B A e AT 3% 2 LR SE A 20 BT R IR S0 AR O3 A 14 B

3 IREXEFISH

FH VU 1 B 46 50 45 PR B4 7 1 Topbox-508 R 31{E 5 H 0 F1 EG-10 (FE ) 3 B {4 )&%
AT T 23 B R IR s A, TP 3 B — 3 R OGS A7 b . B 1 SR S R e 41 sh B OE L R i 3R



494 DS 1 5 et i %29 %

NE T REEMES 5 kHz, DA FRALEE B MR X 2% 12 m, 525 3 m G IRAT 5 3 55 R MR A T R 45 5
FHZ PR T AL B AL ALAE R 42 mm ALK 3.0 m MEZ i D32 mm FLALKEZ 25 %

Ao SR IR Sl B 4 IR T 2 A A SR i 3l RE 20 A7 O7 1 LT Matlab 2 5 AT LS B4
AR B A L 338 23 B 2 AT AR AR B A RE R AR 23T

K 2 AHE Topbox K& RS LR MEHE  FIH Matlab 421545 B MR35, & 1 HEHxTE 1
Hh R AR B S I R AT RE B A1 R AR 0 A B 45 2R

2 15
2 1t %10-
H oﬂm/\]\/ﬂm\\ﬂm\[\/ﬁ% S sl
7 =2 35+ s 0T 80 20 160 200
t/s fHz
Bl AR 0 3 0 R g B 2 4 0 3 0 R
Fig. 1 Measured blasting-vibration velocity curve Fig. 2 Power spectrum of the blasting-vibration signal
M T AT DAVE LA D R IR B AE T B e *1 BEEYRESGRESFTEER
g% l:':q’f 40~100 HZJZ@T%?@@ |j\] E(J ﬁ%i ﬁlé\ﬂ:‘zfﬂﬁﬁi Table 1 Calculated energy distribution
f9°90 96 LA Lo T HE A1 VU5 TBL A 8 09 R LI AN 51 6 26 ¥ for the blasting-vibration signal
SlE 0~10 Hz MR 43 L RE L LI B AR 0, JH / Ha il ik L 1
TEAT G 43 A o B b, 38 Jb B ) 4 o T DA 3R G Y A 20~10 0.000 1
I ) DX BE T A AR A B PR R IR B AR ) A R L 4k i 107~40 0.0421
ST 2% BB A BT 9 0 10 R O A R A L ok A e 2 1(”)‘3:210520 2 iiz

15 5 | 19 31 Bl R 2 20 P R S
4 BUAZESETNMNEEROEESTHEILER
4.1 ETNETBROBEEDNITAE

I T 70 8 A 4 5 R 0 A v — R TR T/ N D D AR 5 i 43 A O YL O Tl 2 By i AT X
P ST A 4 — T S TN AR R B RE R M T I

FT/INEE G AT B4 0 SCORIL I L, 32 485 /)N I A 4 ) 30828 4y

0 :éj %Wma,b)gb[“bj dadb 9)
(,¢R a’ a
R Moyal E# =N (O WBFETT . A
Cij j—‘jj W (a,b) \Zdb:J | f(o) [ 2de (10)
‘pR R R

310D B /N A 4 B2 75 i AR 43 5 8o B 45 9 IO RE REIRAE TE o AR BT R AR P AR BE LTS =
AR SE 1 BT 3% Heisenberg M i S 30 (4 B AN BE A% 5 050 AH 2 18] o B — o A% 157 B B 4 2 12
BT 10— 4 I 2 R — AR b 1 R B E A S B R RAFTERY, H R TER (10) P, T RLAE
(Wilab) |/ (Cha®) BAESE (arb) Vil LA RE R 2 PR, LT | W (a\b) [P Aadb/(Cha®) BAELA
ROEE a FNIS[E] & SR bt iy, ROBERIBR A Aa (BRI E] B O Ab B9 RE S . AR P AR £ %5 8 i E &, o) AT L)
L)

J\f(t)\zdzsz(a)da (1D
R R
Hrp
E(a)zij iJ \Wi(a,b)|*db (12)
CyJ a®

YR R



5% 5 UL EAE . T I AR i) 45 10 b 7R RE 1 0 AT T VR 495

BT /N AR 4 i RUBE @ 78— B R T30 2%, DRt =X (12) I 45 1 17 A - 26 4 8 00 3 BT P 1Y
Al AR, SCBR R L e AR R (LD PR bR B AR G X CRI — s fR 00 Y D Vi AE T OGO
G35 WA 200 [N AT AR B0 5 5 1 BE et 2 R BE A A8 1 43 A B 10 . DA T A5 31 45 43Ty g i
() AF X HE A /DN
4.2 2MHBHAENLLE

FEABE 58 2 (12) AT DL B 5 70N i 728 46 e it 43 A1 J7 1% A0 52 JO 02« ST o B At 5 i 1 R P /DN U8 it 8
5o M BALAL A B 3G Ak B Bt - 9 3L L AR PR o X B — 43 S e T A e A e 0t A AR (B R L 15 3
1 b 7% i 2 70 AR S BN B B 1 93 A . S A3 BT s A 40 AT 0N 8 A e T IR R BLAE S R AR 1Y
R I P L e A 4 T R T TR 34 Oy« 5t DA B S e b 1) B -, SR S P S R, A A5 B 1Y) O A 0
G B ARXT RE B LA /I o R ok DD I ke 38, 35 1 /0N Ipk A 46 1) B a0 A O 1% B AR B £ MY fE o
A /IS 7800 43 1 RUBE JR A8 R, A 45 81 IXC 1] /N 38 38081 33 43 B v 0 23R 8 04 o B, /) g 728 8 75 3] 119
W RE 43 A 1 2 BR ) A5 N R — B . 3K A — S FH N B AR e R A7 bR A b 7R RE R AR 43 43 1R A R
A7 P AT DAAS BB UE 1 /NI AR e 0 R o R T A T e BT S AN R A L i X T R T e i
AT . FE R IAES B R /N AR 0y s M S TR T A, T L R A ] A
BE i1,

A S R R A3 AT O i s AR RIS 3 BT 56 BCDA B A S ) A Ak T LA 3 B O 1 ) B
SCETHfG  ARRE T /0N AR He B BE B 40 A O s AN A el R A T LB b S AR ) PR R R
Fofr b 4 S P ) 4% B b 72 R = A BT T

5 & it

COTEBRAFAT 5 T P 132 HOEE SR (9 98 Ik 20 800 SRS A Matlab 3 /4 2 i 1 RH I 09 5 5 b B2 A0
Y M RE R L HEAT TR A 3 R A A AE R R AR > M W5 IR T Matlab 7 45 0l 5245 5 Ak B> A R R —
A 1) T H

(O T — P T I ARG R M 07 ik . IR G5 A9 W B SCHG 4 & 1 T AR il AR il ik 3
W1 JEE - ik oA TS5 1 T2 07 0 AT L S B 10 I 0 00 3 A ) 0 T e IR 23 A L BB E
P73 B 1 BEAIR SR A AN A2

(3) MR B33 /DN e A 4 B 7 A O 36 AR SO 1 ) 33 19 BE £ 20 B O 0k R — By (HUR /N AR
e g i o0 M 05 i S BT AR HO A 2% T L B SO 25 ) LA 5 AFDWS T 5 A SCHR s TR O YA N (LR
AR a7 B T L R SO o o — b S T ) ha 5 Mt 752 i 20 M 7 0

S % Uk -

(1] 2t eI AR A 5. /NI 0 T A6 25 Ay 43R B 4R 30 W) 7 A J 43 BT 125 o i B2 A LD . 57 M 32 TR, 2001, 17(1) < 64-68.
LOU Jian-wu, LONG Yuan, XU Quan-jun. Study on the wavelet analysis applied in structure response to blasting
vibration[ ] ]. World Information on Earthquake Engineering, 2001,17(1) :64-68.

(2] W4, 24 . B BC AR S {5 5 00 8 #2004 e A 0/ N B 2 7 (0. R 245 #h . 2007, 26 (5) :41-43.

LING Tong-hua, LI Xi-bing. Features of energy distribution of single deck blast vibration signals with wavelet
packet analysis[J]. Journal of Vibration and Shock, 2007,26(5) ;:41-43.

(3] WeR4E, 24 . L BOWs SR B 2 (545 W0 e & 40 10 A AR 19 /N IR 43 AT LT . A 1% 5 TR %R, 2005, 24(7)
1117-1122.

LING Tong-hua, LI Xi-bing. Analysis of energy distributions of millisecond blast vibration signals using the wave-
let packet method[J]. Chinese Journal of Rock Mechanics and Engineering, 2005,24(7):1117-1122.

(4] A AR E T, BEIE B 6T/ N 8 4t (0 13 8 b 28 A 5 i 2 20 A7 05 (9 2 F I SE LT ). Bk E 45 b i, 2006, 26 (3) : 222-
227,

ZHONG Guo-sheng, XU Guo-yuan, XIONG Zheng-ming. Application research of the energy analysis method for



496 DS 1 5 et i %29 %

blasting seismic signals based on wavelet transform[J]. Explosion and Shock Waves, 2006,26(3) :222-227.
(5] 4. BEYLIRS) 53 Hr e LM, Jr [R] L 3%, Jbat . HUAR Tolk i it , 1980.
(6] ZhALr, 1.5 AR &5 SRR S (55 i B0 4 A LT 1. 97 lk %2 4 53R 4%, 2004, 31(1) :49-52.
LIAN You-hong, WANG Xian-yi, HE Gang, et al. Frequency spectrum analysis of blasting vibration signals[]J].
Mining Safety and Environmental Protection, 2004,31(1):49-52.
(71 ARNGURE 5k B L R I L 45, 25 SRR I A 109 st 7 R 3R ik =X [ ). 1L 7 TR R K242 2004, 23(3) :306-308.
LI Shun-qun, ZHANG Ji-ming, ZHU Chao-yan, et al. Expression for earthquake energy with duration action taken
in to account[J]. Journal of Liaoning Technical University. 2004 ,23(3):306-308.
(8] X5t il WXL, /N 3 A B FLRE ML), VG 2« 74 4 v, T B4 R 2 A 1992.
(9] gk, AR ARSI fE 5 2 Hr [ ]. k35 vhifi . 2000.19(1) : 86-87.
ZHU Ji-mei. Analysis of unsteady vibration signal [J]. Journal of Vibration and Shock, 2000,19(1) :86-87.
[10] #RETT, T EE, BEIE . He T /)N 28 e ) 4 i b 58 22 4 e 4t 4 A ik 9 W R 9 LT ). 4 1 TR 2441, 2006, 28 (1)
24-28.
XU Guo-yuan, ZHONG Guo-sheng, XIONG Zheng-ming. Study and application of energy analysis method for
blasting seismic safety based on wavelet transform[]J]. Chinese Journal of Geotechnical Engineering, 2006,28(1) :
24-28.
(111 A, 424 5% R S5 5 S R0 19 BE 18 43 A ALAELT ). rhpg K224 . A SRR, 2004,35(2) : 310-315.
LING Tong-hua, LI Xi-bing. Laws of energy distribution in different frequency bands for blast vibration signals
[J]. Journal of Central South University of Technology: Natural Science, 2004,35(2):310-315.
(12 SR JeUR . J5 1] 45 56T /0N I A e ) R B AIR 30 175 5 BB A2t 20 Al R AE 20 A [0 1. B4 5 v 7. 2007, 27 (5) - 405-410.
YAN Jun-wei, LONG Yuan, FANG Xiang, et al. Analysis on features of energy distribution for blasting seismic
wave based on wavelet transform[]]. Explosion and Shock Waves, 2007,27(5) :405-410.

An energy analysis method for blast-induced seismic

based on power spectrum

LI Hong-tao'* . LU Wen-bo®, SHU Da-giang”, YANG Xing-guo'
(1. School of Water Resource and H ydropower , Sichuan University ,
Chengdu 610065, Sichuan, China;
2. State Key Laboratory of Water Resources and H ydropower Engineering Science ,
Wuhan University , Wuhan 430072, Hubei, China)

Abstract: In order to study features of energy distribution for blasting vibration signals, an energy a-
nalysis method for blast-induced seismic based on power spectrum is put forward. In some extent,
power spectrum density can be regarded as the characterization of relative size of the energy of a cer-
tain frequency harmonic. Then a method for calculating the energy-frequency distribution of blasting
vibration is derived. Example analysis shows that this method is effective. And the comparative anal-
ysis shows that the principle of this method is consistent with the method based on wavelet trans-
form. The method based on power spectrum achieves the transformation from time domain to fre-
quency domain by using spectral analysis. So this method is simple in operation, quite clear in physi-
cal meaning, and it can be understood easily

Key words: mechanics of explosion; energy analysis; power spectrum; blast-induced seismic
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