530 % 54 wOE 5 w i Vol. 30, No. 4

2010 4 7 A EXPLOSION AND SHOCK WAVES Jul. s 2010

XEHS: 1001-1455(2010)04-0377-06

E T /IViR B 5 AR B 5 1R b = R
TERBERZEHFEHR

g HEED KL F R
I RBHE K2 L RSB IR &5 2665105
2. B TR R TR BE I B BE4E 454003)

FEE SR /N AL R RO TR A T R 55 2% 1 S0 % 1t 72 D6 3k 1 5 e Ak Dl 2 A AT I 1 S L e
SR T JIE A B A FH S 25 4 1Y) 20 285 ) N ) A Ak R — R 0 T RS T 2 AR R B 2 2 N ) A, 3 B e
T 1 MR A O W B 0t R A8 T AR AR v 2 T 5 A s 2 e e I S e L ) S [R] ESF ARR 1 R 2550
THERRE R o SRl AT U — 1k 0 R S LY B A S5 I A A 0T R Y 5 i B AN 2B R S A A Y e L B fE 34
WM LR GAEN . SRIG TR TSR R AL 32 T — AN A 8 i b R 00T 2 4 FIIE o 2% H 905 A S e Lt
R A A T 5 R R e O R /N 5 2 R R R T e 2R (T (AR 2 AR R )RR et A e AR EE L
BIESRBIRFR . RG4S E L hr TR S0, 58 o FH 25 T/ A0 B2 R B % 1 b 7 & g 3 33 A 8 5 i 0 A
5 53 A0 SR AR T E 7 R R 2 R AT X LG B IE T R AL R AT

SR BRAE R A NG /N A s b R U R R

FESZES: 0383.2;TUS1L. 3 E+RFRAM: 130+ 3599 XHktRERG: A

AT A 01 4 B 35 8 X PR 0 T T 5 1 22 1 B IR T — R AR T
T 1 2 0, AR 00 A — 5 PR 44 39 0 S 510400 M R M A 0 22 4 AR . BT K R
S5 B P T 0 R AT B0 S — AR 0 TSP IR AT B
Tl A A2 R 2 A R o0 0 T 9 0 UL 0 55 4 B 00 (L o A5 3 5 D % 5 2 )
IR B 0 A e B P DR Ao L A S0 R T G M 7 2 — 7 B B AR L T
PR 45 H0 R 07 9 92 4 0 8 T T 0 B 0 2

PN A A A SRR B D5 1R £ I AT B 0 T AR S o SR N B 40
R 177 05 46529 O 4 5 0 035 5 0y 221 0 19 78 0 454 B 1 8000 1 S50 1 30
245 L1 g — 2R 90 13 7 401 P 001 A 5% O O 8 D3 10— b 8
kL 0T A SR AR 8 S O 13 S M e O 7 - B 1% 1 3 2 B R 32 10 1
71 22 4

1 EEMBEHERTS B BHESHE R3S m A

Wt BAE T 2 A A BHJE S5 A 1R R 1B s il Rl
Mx (1) +Cx (1) + Kx (1) =—MIXx, (1) (D
K M.CHK 5510 % B o B S5 0 7R 2 00 57 & 46 [ BHL 8 26 B AR BE R B s 1= (1,1, -, D", R —
NIRRT I 5 x (D)= (2, (1) s 2, () sz, (D))o x (D) = (2, (1) s 2, (1) 02, (1)), x (1) = (2,
@)y 2o () seee sz, () FoR W AT 205 1R Y 2 S & J2 TR m, B RLAS 0B L 3 88 ) 7, oA e 4 1)

« R BEHE: 2009-05-07; fEE BH: 2009-06-25
BEE&WHE: HEHAREESIE (50778107) ; ZUE #8 & B 1 1 2Bk gl L I H 4 5 H (20060424002) 5
IR 48 48 Ll 2 3 1 AR U0 H
YEBE N BR118Q964— OB /¥ 1 ES00,



378 DS 1 5 i i %308

I g, (o) Ay Ul Ay 288 1 o
VI AT 48 S TR 188 3 7 2
T, = v, sinwt (2)
2 cug BT w 43 531 Ay 187 18 1T 288 108 Wid (R TR0 45 5

TR W5 2 FR 4 55 1 R4 55 R T R 1A A o 6T I F 2 45 4 1 I 24 o 1 BV A BHLE A
F 5 ) 0 17 78 45 K e 07 14 0) 4 B B T R GG 22 DR T R S e I O, AT G A 45 A i R W) ) 4 R 5 5 2
TG SR AR A o R IO 114 SR 5 R %) e A e i B A vl A ey g | S ) A2 38 R B e )3

B (D) WY REff A

xb (¢) = A, coswt + B, sinwt k=1,2,n (3)

WO~ ORAK D JRIFIFBEI, n DT FE . B T B AR B, W A4 7 B8 A2 5 coswt 1Y
FHEET AKX coswr I RE MBS sinot BWREIIH 0, XFEAHE 2n M X T A B A, B, .
< A, B, B AT X 2n D RFE REL

7 V5 T 1oy AR TR & J2 BT 00 e, R 5 T2 ) 7 S LA

b =/Al + Bi w =fv, 4
Xh: B RE o, TXRNBRESRMEKER.B=/AI+Bw/v, .,

Kk 22 1 BE A 2R 10 I 2850 W ik 1140 SR ik LG 35 52 21 O AT Al i 53 [ 2% D I 25 ool o2 0 4 1 51 AR
T s 78 g SR m, ‘JE'JZIKEEUI']V(%*DUTL'3%?5”’”“2*11)%@’3%1‘@V”I’]Vﬂlm{§zth,
B S5RGBT W R R BELJE LS5 R 1 2 B R Ul i 28 A O L AT L o RRME S T 1 TE 48 E S5 A RN 46
IR EE= R 2 GRS N

JOT A e B R 3 R R

vy = ok =i (5
TS5 B B o 2 A8) 1 1 285 ) 17 34 2 i S e el i LRy A i 28 4 S ) R S e
T, ﬁnkﬁfhﬁﬁzxg—‘vosmwt PERITR S 5 el BE S5 A8 vh BT e 1SS AR B 25 38 B2 0 137 03 AT AT ABL A
vy = v sinwt —¢ ) (6)
2 s Ay B R W 17 4 A A £

2 ETNMEERANEREEFHEATS BHESHE RN A

S ) R R JRE 7 28 A 5 phy A [RDABT3R AS [) R 1L ) D8 8 A — A A BIR I 1805 L P 84 B AL 20 5 i
FTARZHARW D IS5 S . RS BT A, E,«Eﬁﬁ&m{ﬁ%%ﬂaﬁlﬂﬁ&hﬁﬂxlﬂﬁimnﬂ
WS U NT R o JIT LA Sk A 3 A 5 R L — 2R B0 TR A A AR AR L e A T e/ 5 2 i A
HASCH RS RRT .

WX, NIEIREE RS V Gl /NI RS 2 BIER A RN AL i AR X AN
3 ik F R SO L ] AR O AT T R IR AR . DAV 3RO X B R SCE R S RS S

V:ZV,] <)
e d SR/ A i ) R B CUE R 50
WAL HEMES V, TTER B IRE N V&5 s i AR e J5 SR A5 B i) £ f (BRI R
=2mnf; ), A L IZ IG5 RR N RIS IE L BIE R .V, =V sin(w; ). WEFS V AIRRA

V= EV,; sin(w; 1) )

TR R 0 SR T A TS 25 6% Bl g 7 1] R A A D — 2R 80 TR A 28 A T A e Y TR
Z IR C6) S FR AT H 55 VAR RIE 2 1 oy B2 45 0 B S A sl 28 o 7 3+ B30 A6 R T 3 {1y



5% 4 W W96 55 5 T /0N A AR 19 1 7 2080 o7 T A A R <2 4 4 B 5 379

Vi= D08,V sintw) — ) ©
S, B, L g A, TR 5 D 0 T 25 A 2 R (1 B 31
WA 522 M R 2 O L TS
WV, AR R R B, A
E; :J‘Vij(t) |2dl‘:i | v |7 (10)

Ko, NEMES V, BB IR
LR ECRIT L Ey il H O — RO BB L A2 0 M inp 22 ok — el AT I3 —feAb B, &

211 /2
E[E E,,z] (11D
H—4k )5 1 BE & EL 5] AT DL OR R
n; :&: 21 2 1/2 (12)
(Z | E, | 2}

EATE FE R A0 A7 28 A P T 45 R 014 20 285 g 7 e B« 5 A %) 8 285 W 7 W (LA A0 55 4% ok o T £
F I (BRI AT O, 5 A5 5 BT o RE B L (AT AR R B A G . SR R BB IRV 0 — AL R RE & L
191 7y Bl ACSR A 3 C9) 1) et (L B S DR i A5 5 VAR TR 22 11 32 45 0 ) 52 o) 7 L V7 o, i
RS E VL AT AR Rk U

2'—1

kas =1. 3277;1'7]1],8;,"/; (13)
A Vo R SRR R R BT AR A 1) 5% B b T i 3 3 32 AL, DU) = (13D 1 7 7T kA

2'—1
V. =1.3>.D,V, (1D

KD, =n;n,8,V, /V,  NEW—FEL.

1) R AR SCHE HE A 356 T /N Dl A A I 118 i i b, 72 S5 17 3SR . W AE FHTE 22 1 ol 4 1
R BR O E B (55 B 5 2l Y RUBE 19 /N A 43 O J R ok =X (140 AT A 6 4t o o 45 4 45 2%
O A0 S L A . /NI L R R AR L R 2 B AL M S AR 2, ATk B RE A B R s A E
M55 (5~10 M) BEATZIMEN AT, &5 A Be i L1 AE 5 /N A (5 5 T LLZE X RERR Y T8 18 T i A A 2 e
it LA Y D 3 R i 25 B VR

1M 51k R I W ATt 47 26K A T 45 R R O 6 R /N 5 R AR O £ AR R R (L % g A LG
SRR O e B TR ] BRI Re o, R SRR R T R R Sh Re St M VR . %
Ti A B I T 2 R R SRS VR A BRI S

3 ETERHEERNREEERN ZEHE

HLV L 13RR L A i g R A 28 b ST s S O 1 A VR IR AR [V, 32 s e ik b T 1R 0 9 1) 25 3 R
. RECao . a8

2'—1
[V.]=1.3>,D,[V,] (15)

j=0

)

v, 1=—vel (16)
1.3>.D,

j=0



380 DS 1 5 i i %308

Kb LV ] Tl [V T=o]/Coe, ) 3K AT Lo 1 0 B M A5 K A0 B 09 25V I 00 p A TR o, B
AN HE T b AR R R AR N ST R b 2 A A T T AR R S R R O R P A A 3 R

CHRAEL IR R SR 6] KR B 15 5 e it Le () 25 1% 2 2 B 3L RIVE AT . FE BAT A 2% 8 il 7 3l e )&

1L 5 7% Bl A0 256 1 8 B b 7% 00N 42 4 I (AN GB 6722-2003¢ 1 B 28 4 LR ) o 4x 1 L A BRI RL 2%

4 BBMEN NI ERB R SEERES

H—A 3 ARG - HEQ A S 28 3.6 m, B 10,8 m, R AR T Sz 3Lk JEmd N
1.2 mxX1.2 mx0.8 m, 2#HE N 0.2 m>X0.2 m, FEMEH 0.4 m><0.4 m, HMH 4.5 mxX4.5m, ¥
M) 0.1 m, YREE + R C20, B Q235 w4 7K S 77 1) f) J s 38 32 i 28 ) 2 T 4 DL IL 1

I 35 BT 95 0 A BOTE 0 M v s 08 T 9% = 1 o B A R 3R A A5 R AR T 1) 4% 2 B s 1) T TR
T oy - WAL 2, ZWEIEF 55 0915 5 (RB L LU AR % /N L BRBE i LU LA R 6 N EHME S T &, 26
1.2.3 J2 00 0% B8 ) 1 W V0 Vo B VSR A AR L3R 1, 76 I R % (948 B 1l 4 Matlab 4 f2 ok
SEPR . S 1.2.3 J2 BT R B o N MR 43 00 9. 32.9. 04 F 9. 43 mm/s,

I FH B R 3 A7 32 o A 4 e i R U0 A B I R M I Bh R S TR L R 5 2B R 1A F
=H H R AR R AR AN 1 BT R (8 2K T 1o A R A AR R A5 A AR 1,23 2 B R 118 3 R i 7
Ar510 9.4.9.1 #1 9.0 mm/s,

FH /NI B R 118 R i b 52 A0 07 3 B A AR SR AT 1 45 V2 R i) 7 {1 5 FH 3 B I 3 T 254 3
12 B I R BT SR A AR 45 SR A LE L IR 2240 1 0.8 96,0, 7 Y0 Al 4. 7 Yo, TIINKG B 45 iy DR UG 2% 5 vk LAY
AT,

5.0 T
— The first
~-= The second
4.0 ---- The third |
_ 3.0}
< 2.0}
—6F 1 1.0f
_8_
O 0710 20 30 40 50 60 70 80 90 100
t/ms JHz

1 R R e R SRR g £k
Fig. 1 Temporal curve of velocity of

blasting vibration wave

Kl 2 =H i B R R & 2 B A T
Fig. 2 Velocity factors of particles on every floor of

the three-freedom structural system

®1 KBIE

Table 1 Solution course

BiVi/ Vi/
Tij nij

BiVi/

(mm/s)

(mm/s) (mm/s)

n

Vio/ || B Vi / Vi/

Tij n;j

’]

(mm/s) || (mm/s) (mm/s)



5 4 3 W96 55 5 T /0N A AR 19 1 7 2080 o7 T A A R <2 4 4 B 5 381

0.96 1.19 0.087 0. 88 1.14 0. 087 0. 89 1.28 0.087
5.30 1.10 0.911 5.19 1.09 0.911 5.19 1.14 0.911
2.39 1.12 0.213 2.32 1.10 0.213 2.32 1.14 0.213
9.32 9.04 9.43
0.49 1.07 0.010 0.49 1.06 0.010 0.49 1.07 0.010
2.96 1.08 0.326 2.93 1.07 0. 326 2.93 1. 10 0.326
1.35 1.08 0.097 1.33 1.07 0.097 1.33 1.09 0.097
5 & it

(1 2R FH /N D, it R o R ) 7512 o B2 2% ) S D g Tl s 5 90388 B 15 5 e A g 22 A 113 e 10 8
o A R i A P A 8 2l 2 O ] R A DA — 2R 900 BT Ay A T 4 Bl A e TR 3 e R
R T R — AN BT MR 2, 5 I8 T 5 A St A i ST 2 o L 5 W K T R DR 0 S A T R A 0k
BB 5 RS T SRR R T A 8 D ik A SR A 8 D A 480 (T 2 TRT 8 8Dl £ 480 A T 19 445 4 80 285 i 7
WAL JEARAS SO P 2 a] DU Y 2 3l i ORI AR T A (— i) B AR i A AR ST k5K
fifp HY 45 SRR AT AR 2 R AR 22

(2R I — P 1) B Tk L f51) Bt A g% Tl 7 2880 N7 T BB Y v, S Ao e A4 45 g Wi SR At A P B B OB T &
AP 2 50 R 3t 72 BB W LR OV T A 3 () 2% 1 T 15 5 BB e 0 AR B 4IRSl 4 JH I TR g 2 . 24
NP AL I3 i 2 R Z2 I AT L 220 BE AR RS AR S L SCHRBE A LU B R B0 5 HE AT B X A 4 R 2
ARG AE R 3 [ S R H L A 2 R AR AN Ay 2R 14 5 W) I (ST 2 R AT A 2 BE AR EL ) ) B0
RILEEE

(3D BEA SE bR T S 51 i e (00 2 T /0N D B 50 AR 1 g s 7 A0 7 3 B30 8 TR 5 s R i, 23311 oR
i R 7 O 8 SR AT X LG SR T T R Y T AT

(A T 7T /N D A R R ) B T 55 2300 00 1 B B R B il b 5 #1790 B T b 7R R 22 A FI R
2P 5 R S R G R T Al £ A DT A S JRE R DA /N 5 R L AR D A AR M L R (AR 2 A
P A K1) K RE B LS SR C R

S Uk :

(1] BHAAL B8 X 52 3R M 702 22 4 P 406 0 R o 15 5t [ ). 4B A 45 bt . 2001..21(3) £ 223-228,
YANG Sheng-quan, LIAO Xian-kui, LIU Bao-chen. Default of the judging standard of blasting vibration safety[ J].
Explosion and Shock Waves, 2001,21(3):223-228.
(2] fRoKO. J i A2 22 2T E AR MER IR [T ). B AE . 1995(3) « 45-47.
JIAO Yong-bin. Preliminary discuss on judging standard of blasting vibration safety[J]. Blasting, 1995(3) :45-47.
(3] R AR E T, BEIE B 5T /N5 20 48 14 13k 80 b 78 A = i k43 A7 06 A 2 RIS [T ). Bk 4B 45 b, 2006, 26 (3) : 222-
227.
ZHONG Guo-sheng, XU Guo-yuan, XIONG Zheng-ming. Application research of the energy analysis method for
blasting seismic signals based on wavelet transform[]J]. Explosion and Shock Waves, 2006,26(3):222-227.
(4] ZRF,EWE MRS BB ROV A T R B AR LT, 84 5 o7 ,1996,16(1) :61-67.
LI Hong-nan, WANG Bing-qgian, LIN Gao. Studies on some problems on explosion earthquake responses[]J]. Ex-
plosion and Shock Waves, 1996,16(1):61-67.
(5] A, & T/ il 2 fh o i ) 4 1o R B F 5 (D . Kb - TP g R, 2006.
(6] SRoL.BREF . &F KL A R OV [) ] BRI & 41, 1999,28(5) :24-27,
WU Li, CHEN Jian-ping, SHU Jia-hua. Seismic effect by blasting[ J]. Explosive Materials, 1999,28(5) :24-27.
L7 AROH i N, R AR S5 8 R 0 I 40 A B4/ A 40 A 0. R AR 2002, 8(2) : 1-5.
LIN Da-chao, SHI Hui-ji, BAI Chun-hua, et al. On time-frequency distribution of blasting vibration through wave-
let packet transform[]]. Engineering Blasting, 2002,8(2):1-5.



382 DS 1 5 i i %308

(8] XUk, #tA& Jy. &5k 3l Sy M. dbat: MU Tk i bt L 2005:51-57.

(9] w[4e. 74 o=, EHSR 55 500 FE 0 B IR SI087 5 001 R 1 0 70 no 2w [ ], 6 PR SR 2 2% 4, 2007, 29(2) 53~
55.
LING Tong-hua, LI Xi-bing, WANG Gui-yao, et al. Influence of distance from blasting center on frequency bands
energy distribution of blasting vibration signals[J]. Journal of Chongqing Jianzhu University, 2007,29(2):53-55.

[10] Biggs J M. 5493 Ji2#[ M. Bk 2R . BEFE = L 5. Jb a0 AR A8 H st . 1982.:20-23.

Computational model and safety criterion of blasting vibration effect based
on wavelet packet techniques”

CHEN Shi-hai', WEI Hai-xia'?, ZHANG An-kang', MAO Xiao-hui'
(1. College of Civil Engineering and Architecture, Shandong University of
Science and Technology . Qingdao 266510, Shandong, China;
2. School of Civil Engineering s Henan Polytechnic University , Jiaozuo 454003, Henan, China)

Abstract: Complex measured velocity signals of blasting vibration are transformed into the superposi-
tion of several simple harmonic waves by the wavelet packet decomposition and reconstruction tech-
niques. In this way, the problem of structural dynamic response under the action of blasting velocity
load becomes the problem of that under a series of simple harmonic loads. By introducing a new con-
cept of velocity factor into the computational model of blasting vibration effect, the contribution of
structural transient response is considered into structural dynamic response. At the meantime, nor-
malized energy proportion is added to the computational model, and only dominant frequencies of rela-
tively large energy proportions can be included when considering the influence of blasting load fre-
quencies. Then, on the basis of the model above,a new safety criterion of blasting vibration effect is
put forward, which can reflect the relation between the structural velocity response magnitude under
blasting load stimulation and the following parameters: structural characteristics, amplitude, fre-
quencies including several dominant frequencies., duration and energy proportion of blasting load. In
the end. by combining with an actual engineering case, velocity response amplitudes are calculated by
the computational model put forward in this paper and the temporal analysis method, respectively.
And the computational results show that this computational model is feasible.

Key words: mechanics of explosion; safety criterion; wavelet packet; blasting vibration; velocity fac-

tor
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