$23% 1M ® O 5 M & Vol.23. No.1

2003 £ 1 A EXPLOSION AND SHOCK WAVES Jan., 2003

X EHS. 1001-1455(2003)01-0041-06

TS 547 0 S R B AR T

KE, e W7 A M

URTREM T RF TR E TR, L5 75T 210007)

T SR B J5 B 50 T AR 315 5 MR 300 B AU AR 40, 4@ T SR e R il 26 A7 43 {8 Sk o7
Al PR R B AR SRR . d I X 289 ZH MR Hh 7R Uk B HE I S v 2R B, TR R BLIE b R FR (B N T 5 I, gl
BN S 3G FTAE A R IR S 4 R T A TR SR AR

KB . BRIE 1% AR B IO B it BN AR

P r3EE, 0382; TD235.1 Bl b5 RS 130°3520 SCHk AR ER . A

1 5 F

PRI R B 2 AR MR TAEROR N 3 PE EAT 1 T8 it TR a0 200 2% R 1) i R, 2 PPA IR A e Th 5 A (1) —
ANEERER.  H AR e R R B 5 FE () M) B B N B SR, LD R SR T A R B T FE L
AR, L8 SCIR] 2] A X PR AR VR RO B R 8 . P T SRR b R ST L K A
ANZETH, (A B350 114 4 SR AR I AR RE 2000 WU 28R B 8 ST AR (R ) U IR BHAIR 30 22 4 )90 22 S 0K,
SR IR R SRR VPG AR HE I T Ok T — I BREID . AT R ECSEE C. B B
RN G R R 7= A R S (R A PR AR T3 M 3.0 ~6.0em/s I, T A T. RAEAEZELL 5.08cm/s EN—
PR SR 1) I PR DA T B2, S TR 55 JRa 48t — M SR A0 1 A0 SR A R ek 2R 1 g, 8 I v 3 0 RS P
BRI BRI IR B2 10 ~15em/s. B BT, AT 2 BB HEE Sl IR R A 5 038 T 4% 3 58 FE 2 440
GHRE I B R ) o, 11 ELIE 55 B il 7B A R e AR B - i TR <10, IR AR 4% [ A SR R 4R
BNVt R AE A BRI, A0S () USBM e A& [F 1) DIN4150 Ar#E LU B E 1) GB6722-8 FR
WD) 22 RS . AT IRRAN TS I8 T A S b TR R 2 5 B, 10 A AR IR Bh I (Rl (R, I B 5 —
SE [P T8 FE 2015 5 I SRR AR I Rk

BT FR BN IR RS R — G MR B AR 10] R, T &8 A AR R RBL IR LA DR — A 3y g i 18 3t R 5K 4
M. PUATES) ) Arid b, W] DASE G 25 RE IR AN = Bl I i FE A3 MR 5 4 S I () 2 S5 K WD A v () 1
H o ARTRAR R FU A bR B B BT ER R i o] R et T I TR BT RO
SR 7 AN R By R A ) 25 A A 0 JR A R B T REAE 5 BB 1 R IR S g5 R iR BRI T 896 &R, T
XFIFIE] AR 73 SR -5 AR T R BN 5 AR B ME FE AR AR, PRk, A SO $ 1 R H 83 ith B AR 70 (A
RSI (Integral of the Response Spectrum )R FAf 128 i = sl B R B8 .

2 RMNIEERA A

2.1 MG

SN PR A TR M pUB BT R e 2 1O BB SEE A M. Biot $2H . FEHHAT 4K
VIR PUEE U BT, AR R RS SR E Y FT 2 BN i k. OGBS AR S R R T
R A PR Tz L 20t L S0 AR K, 35 [ 1 52 W 8 R 4 98 58 (1 8N 7K ST 4 B il S B RO B R T T

« WeRE HHET. 2001-12-05; &[0 H #3. 2002-04-09
HENH. BXEARFEEETH (19872075)
EZ A, ZaRA975— ). B, M.



42 15 Y 5 H o #0233

PR T FO BRI S8 s SV 36 FEL AN 6 00 7 R0 B R B I AT T
BT E e, SR T — R A IR S 6 SCHR[ 12] ot R ST B ELAA T B AT T BRI . 2
TR BT AT 45 ST S S8 K R R R B AL A7 BF 1 1, (L 09 L B T 55
A FR R R B 2 ) SIS R R 23, 950 06 2 ST L) 5 1 R 5 R
BN BRI R AT K 1.

SIS B 5 M K TS 4K SR T2 I R FERRBE BN o (OFERI T, 4
Wtk E R R K

X+28 &t GX = Xo() (D
e @y i LV AR B BRI, S MRt 3R (D HIf#
X (1) =— %Jt;c'(,(r)e* “Vsin @ (1 — dT 2)
wYo

R, o REE T RN S A IRBEZ, o= o J1— 8. 3 Q)N EEER T Has R
B R SRR S R R X ()= wX (1), HE M BN
J;k'o(f)ez?(tﬂcos gt — Ddt 3)

MBI FR R X0 GOERT—RIIAE B IR ESR PRSME R, X CGOF 9(=1,2N, N A
Bt 5 () B A A [ [0 22 3R 5 22 G ) A R I, 39 v] 45 31— 2% B KT 468 6 5 X0 2 [ A3 6 1)
R, B QT %o (0O FITREITRRE e FIE S I [ 2044 X S SEEE X 772 S

FH TR Al b 78 2 1) A2 R0 r SR i) [R] FRAR K, b R U AT 5 3k 9 W AE AR A I, DRI AE T SR 7% 2 1)
SV, R T R B AT AR . ASCH T B BIEE I, SR T = RORE 2% BRI SR AR,
S5 IR 5 I B AR R AR AR T B AR L R R KR
2.2 RNV R M R I R 0 o R A 2R (1) OC R

MR R )52 SR BT T X ( w) L IR RO R v o (e )58 BE AR S2 i, fE 205 5
SR PE R RN VR AR 5 5 SR BN AE T AR, 0T AT A 1 BBV AR A L B AR b R . B 1 O = A
() 90 236 T 41 59) 5o o5 e A 2 0 P o ik e 8 Y T %o 2 P e I8 i o 482 B8] (U v b« e BT RT L (10 R A 4 7 9 1)
B R FE 53 0 4.05.3.87 4. 15mm /s, AHXT N I AR AR RE I8 1 =400 73 3l 8 11.25.6.60Hz) . B 1 H9)
SRR vap R BEOR A5, 2k B I S X ( @) 5 PRI RE B AN G AR B B K E | w0 () s
(R LCAR, AR bRAE S S, RN S B 8 5 B R BTG 00, HEN N —. B =5 R B it 4
UEE AL Bfr X6 2 PR ) B 930 5 RR 315 5 AR 30 L AT B . [ 2 AN [RIFR 25 B 1) S o 7 8k (1) 0o I
;3 CHE 2R a v b e B0 B2 1K R B 45 5 = AR S 1 1 Hz, 1T B K M 87 3R 238 B 29 3l N4 .45.3.62
2. 41mm/s), A E AT DLBH B F H R N TR B A5 5 5 FE AR AL 22 7

)%((y)z

e
0 01 02 03 04 0 0T 0z 03 04
t/s t/'s
P 1 AR HE SN 5 45 5 A K & P 2 3 N T 5 R M o ) O R
Fig. 1 Relationship between standard response Fig.2 Relationship between velocity response

spectrum and signal’ s dominating frequency spectrum and signal’ s amplitude



513 LA BT OB 7 AT 101 R S AR AT A F T 43

3 JRBIH AR A SN W R AR T AR 4

H T SR s e T R R AR AR 8545 5 2 A 5 M AR IR Bl i L o R VR RS [ IR AR B T —
FINANF B I 45 ML R A RO FR AR R I K N5 G5 R T 1R &R, (B IR ek
FARGE R (IR R L, T RAE — e R EARIL T Bl E 5 M IS P 45 MR PR3 1 L Rl fn SRR
JE S I VAL P PR B KR A D P RO 72 35 P R AL A LA AP D Aty JHC e o 90 2 9 38, A AN 15 BRI AS TG 1)
PRI S N 7o Bl P T (AN [R]85 ) 42 (4 i Ry 2L 37, L it 2 2 5 AT 1 R 3 7 B f A [ 4
A IR BN Z2 90 fi K5 W A A A 58— 45 M AT e A A FR e K L, A ) 1 AT 2 o ) e I8 % oy 2 e
AN I B TH 3 AT R R L 2R 1 0 R AR S R R (¥ AR A T DU IS S B SR S5 AN ) 1
. b2 A AT i 2 T AL R S22 S8 AR 010, DR T 0 A R B 7 28 PR 0 4 A 1R 21 55 95 119 £ 45 ¥
PRI, AT LASR S5 S 18 A0 B 8] AR AR (B (RS T BRIV Sz 1 i 26T PR TG AR A DAy 12 S B2 4% b 28 F) R i
KX B 3 A7 (KD R AR R SRR AR AT IR 7T, FF AU PP A 12 B A 72 I8 (0 PR Nt RN T T S 3 s B
W £ T BT AR 5 R A5 5 AR R IR MR 06 B 22 8] 1) 56 R HEAT WF 7, R Jm i K 1 AR R IR
ENEE Gt A RA I %7 VR & B AR S 4

fE TAEHURE TP AU ARSI B L €=0.05, 363 38 GORUM 35 8% i 28 F M i AR 51 4 3%

T, -
SkZJTXk(T)dT @)

AR R AR 72 e R AR A 1 (L EAMAE 4 ~ 60Hz), 25 & MR = 3l S S 45 il 2 RpA1E (S5 44 B 3R A 391K T
0. Ls, WAE 2R T %, S5 B IRFAMTE 0.2 ~0. 4s B, BB WO LIRS 1E B OB 2, BUR
GrIXIA N[0, 0. 48] . K M AMBEBEB R IINE S 5 x GOFE NI ALG T, AR GO, sk
R ) — 550 BAT R RN AR o 45 M0 P R B IR BE T X (1) = 1,2 -V ), AR () TSR
TR IR ABI R e S 7 % 4 T A TRIRRY RS - B 3= 8 A2 ) iR 3 20 B 45 8 ) L T2 AR HL 3%
LT b5 R S5 1R 1 B PRI, 4% 10 S ARG A MR v R — AN R R U R GAE TR T ) 43 AT v BT
TR DI R B S B N R I RS S 4L

R 1AM AR IR B 0 o B R A ) R R M, FE i 289 JIK. xR 1 i EEIE A
[FFH0 F 3 RS VA o JEH ST, 76 A R BUE X AR #2032 2 Pl v <2em/s
NGEPRESE, 2em/s< v <Sem/s I G5 AR IE BARBIBIR, v=> Sem/s W1 XS G54 7 A2 7™ FL R
1T B 2 A B s TR L Sem/s FUEURIR A, BITTER 2 T BE BRI Sem/s HIEURE %O 0, 72 T i
K373 A e S B TR A1 R Y Rl A S  RALE

R 1 IRBRE 3 D E
Table 1 Data of blasting vibration

TR A 2RV € RN T PFUEME/ (mm/s) F A4/ Hz BB FR L[]/ ms
AT IR A B AR 95 0.762 ~16.76 6.1~42.6 450 ~2000
BRI BB 107 0.889 ~22.35 4.25 ~46 210 ~ 1900
RS TR A 87 0.635 ~26.42 6~76.6 210 ~ 1400
Mt 289 0.635 ~26.42 4.25~76.6 210 ~ 2000
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Table 2 Statistics of data number fallen into different blasting vibration parameters’ zone
Hala A% i NG Hala A% HE =
ZHE ’ 2315 "

N/ E/(em/s) o/ (em/s) N/ A E/Hz o/Hz

v<_2cm/s 284 0.4016 0.3259 F< 20Hz 187 4.28 11.920
2em/ s v<Scm/s 5 2.347 0.1864 20Hz F<50Hz 93 29.67 7.431
v>>5cm/s 0 0 0 F>50Hz 9 62.68 8.188
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Table 3 Statistics of response spectrums’ areas and blasting vibrations

A W/ (mm/s) ARE /Hz
RSI & 7 %% — o o~ —
N/ 3, [ YEHE ffEE Y [ YWEHE IHEZEo
$,<L2.5 193 0.635~5.207 2.3676 1.1747 4.25~76.6 19.048 12.9900
2.5 8,<5 61 2.921 ~9.652 6.0481 1.1511 5.00~50.5 17.402 10.5285
S3>5 35 7.112 ~26.420 13.0350 5.0833 6.73~72.0 23.067 13.6680
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Fig.3 Relationship between areas under response

(SEWFINAL THEAESERaibt i FiiE A
Fig.4 Relationship between areas under response

spectrums’ curves and signals’ frequencies spectrums’ curves and signals’ velocities
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i Table 4 Data of RSI and the damage probabilities
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Table 5 Parameters of the blasting seismic data with RSI > 5

52 Vma/ (mm/s) 52 Vmax/ (mm/s)

f/Hz  t/ms RSI f/Hz  t/ms RSI
= R 4 T 5 R 4 T
1 17.27 10.16 17.27 23.20 700 5.868 |19 13.21 18.03 8.13 27.00 570 6.73
2 21.80 19.39 22.45 20.00 740 7.661 |20 13.08 8.26 2.54 8.50 500 6.49
3 22.18 19.68 16.80 38.00 390 8.772 |21 10.16 13.97 4.70 19.50 220 5.14
4 22.35 47.95 11.94 27.50 210 10.03 |22 10.80 11.05 3.94 19.00 340 5.53
5 13.97 14.22 5.33 72.00 660 5.013 |23 10.41 7.24 5.21 25.00 340 5.58
6 15.24 7.62 14.48 27.50 490 8.004 |24 9.91 10.03  10.92 9.75 410 5.58
7 11.30 4.70 5.334  25.90 790 5.463 |25 16.51 10.41 11.94 20.40 760 8.89
8 12.70 22.86 7.62 26.80 370 6.344 |26 9.91 4.57 6.61 19.60 910 5.73
9 8.255 4.19 3.55 9.75 1090 5.058 |27 10.67 17.53 5.58 17.60 950 5.58
10 22.49 19.31 6.10 22.80 660 8.656 |28 22.35 15.75 12.19 16.50 680 12.09
11 26.42 22.86 21.34 30.10 500 13.49 |29 10.92 6.35 12.70  13.10 760 6.83
12 11.05 14.73 16.76 73.10 320 6.58 |30 7.11 5.33 2.67 6.90 2100 5.51
13 8.38 12.32  10.92 30.10 300 6.06 |31 10.92 6.99 7.49 13.10 720 6.71
14 8.128 16.26 17.27 6.75 740 5.59 |32 9.53 19.30 8.26 13.40 1050 5.91
15 9.144 10.68 10.54 15.40 640 5.12 |33 8.51 8.51 6.10 7.60 1690 5.19
16 11.05 9.77 6.73 33.30 560 5.074 |34 11.68 5.84 7.62 24.80 490 5.91
17 11.68 15.75 4.83 47.00 750 5.38 |35 8.38 5.84 6.61 9.80 1330 5.30
18 11.18 9.91 5.33 39.50 690 5.12

VE: R RV RIT 23 52RO R I A AR 17 L 2 () RO 1) 3 885 o AR MR U IR B HF B2 1), FRERIN 18] (9 %8 SCILSCRRL 17] 5

S ONARBNE 5 AR R 2> B A RST A RN it 26 i B 1

4 4 ®
ST BB B 5 5L I 2 OB RST 5455 R E B2 IR0 06 407, LU AT 289 4118
W EN SRt o, P S 1 e B TR 2 6 R T 2 05 19 72 2 MR V2 L e 4 T A

AT . B —E B RSB G, £3 HTE RS> 5 B, MR b 78 ke b — M B 5 5 0 7= AR A3
132 Bl oo B s (R R, an s iR s (5 5 Hda b, IR 4 P RS T 55032 — 2 Ve B K S, BEE P
REBBOURZNE SMRNFE, LRGSR/ —DnE.

EE P U

(1]
(2]

Tre, RS R OH R AN M L Ab 5t MR H AR, 1981 114-132.
BHAERL, B 3%, S BR . Bt 72 2 AP0 ) R BE 5 It (0 - R 4B 45 ey, 2001, 21(3): 223-228.
YANG Sheng-quan, LIAO Xian-kui, LIU Bao-chen. Default of the judging standard of blasting vibration safety abstract
[J] . Explosion and Shock Waves, 2001, 21(3).223-228.
B, 6 B B TR R 2 ORI A] . 4 TR R 2 U308 ST GBS C) IR
K i pRAE, 1997, 11:747-751.
AR ZEF AL BRPR 5 BN DA% S R AR [ M . b5 98 & Tolk HRREE. 1989, 11:464-471.
TAERE, B AT R AR B S5 M BB PE AR R T [ A] L & B TREECE AR & BOR SR GENED[C) LI R
AR AL, 1997, 11:798-802.
Charles H D. JEAEHR 2N M 5420 M . 2= F 4l Bk, 3% B0 16 & Toll At 1988.
LR IR AR AT, F TR AR M) . B B TR 5440, 2000, 1(5):58-62.

LOU Jian-wu, LONG Yuan, XU Quan-jun, et al. Measuring and analysis of structure’ s response vibration in engineer-



46 15 Y 5 H o #0233

ing blasting[ J] . Journal of PLA University of Science and Technology, 2000, 1(5):58-62.

[8] M. &R A S B4R E K Fourier W20 M7 J] . %, 1984, 1(2): 48-53.

YANHG Tong-gui. Characteristic and fourier analysis of the blasting vibration in hypaethral mine[ J] . Blast, 1984, 1
(2):48-53.

[9] Siskind E. HuTfi Z S0t G5 KIS M] . 250% B, 3. b 5T B Tl AR A, 1993,

[10] BT, 7525 R 72 R BRI b 2% s S 1 i 2l S B v (K RE W )] . 3 TR 5 AR SR 40, 1983, 3(2): 3041
ZHOU Xi-yuan, SU Jing-yu. The effect of intensity, epicentre’ s distance and soil condition to the ground motion’ s re-
sponse spectrum[ J] . Earthquake and Engineering Vibration, 1983, 3(2):30-41.

(11 2. JUSRROBIE A ME e 2 5 SOL R ) - MR R, 1990, 6(3):9-14.

LI Jie. Several response spectrums’ conception difference and their significance[ J] . World Earthquake, 1990, 6(3). 9-
14.

[12] GB50191-3. B PR WA IE[S] .

[13]  REEFF. F Pl TR RS 73 A7 A8 TR 22 M 72 4 00 o (K 2 A5 20 AT 9] - % TR, 1998, 19.(3): 271~
274.

WU Teng-fang, WANG Kai, JI Mao-rong. Vibrational response spectrum in millsecond blasting[ J] . ACAT Armamen-
tarii, 1998, 19(3).:271-274.

[14] IR, BER e T, & BBORI R 55 MRS BIAE M 2 A] . & B TREEB AR S U068 3CE GEERD
[C]. & AT B > 4F iR AL, 2001 725-732.

[15] David E S, Steven V C, Matthew N P. Blast vibration and other potential cause of damage in homes near a large surface
coal mine in indiana[ R] . MN, USA, 1993.

[16] Siskind D E, Stagg M S, et al. Structure response and damage produced by ground vibration from surface mine blasting
[R] . RI8507, USA, 1980.

(17] @R, R e % N THREUEBGRNE S LSRR K )] - TR, 2001, 7(1.7-11.

LOU Jian-wu, Long Yuan, XU Quan-jun. Simulation of blasting vibration signal and verification of its requency spec-

trum[ J] . Engineering Blasting, 2001, 7(1):7-11.

Study on blasting vibration damage based on response spectrum

LOU Jian-wu, LONG Yuan, FANG Xiang, ZHOU Xiang
(Engineering Institute of Engineer Corps, Chinese People’ s Liberation Army
University of Science and Technology, Nanjing 210007, Jiangsu, China)

Abstract: The characteristics of blasting seismic waves were analyzed with the method of response spectrum
(RS). As the response spectrum curve manifests the relationship between the maximal responses and the
periods of a series of different dynamical structures under blasting vibration shocks, the integral of the re-
sponse spectrum (RSI) synthesizes the characteristics of velocity, frequency and the blasting seismic wave’ s
duration, the above relation was used to study the relation of RSI and blasting vibration velocity, frequency.
The results indicate that there are a good relation among them, and it confirms that RSI can be used to esti-
mate damage probability caused by blasting vibrations. According to the analysis of 289 blasting seismic
datas, the method used is reasonable. As a result, it is pointed out that when the value of RSI above is 5,
potential damage to common residential houses is dangerous the results is consistent with the generic stan-
dard of safe blasting vibration.

Key words: mechanics of explosion; blasting vibration; response spectrum; probabilistic statistics; vibra-
tion limits



