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[ABSTRACT] In order to ensure the safety of buildings around the mining area, blasting vibration signals of single-
layer brick-concrete houses around the mining area were collected, and according to the relevant theory of OMA ( operation-
al modal analysis) , the collected blasting seismic wave signals were analyzed by HHT ( Hilbert Huang transform) and
wavelet packet decomposition methods. Natural frequencies of the blasting vibration signals of the ground foundation and
wall of the single-layer brick-concrete house were analyzed, and IMF contribution rates of the various stages in different
vibration directions were determined. Results show that IMF contribution rates of the ground foundation and that of the wall
are significantly different. IMF contribution rate of the high-frequency sequence of blasting seismic waves on the ground
foundation is high, but IMF contribution rate of the low-frequency sequence of blasting seismic waves on the wall is high.
Data of the measurement points on the wall show that, as the height of the wall increases, the low frequency energy gradual-
ly decreases in the low frequency band, while the high frequency energy gradually increases in the high frequency band. By
changing the charge structure and interval initiation time, peak-valley superposition effect of the blasting seismic waves
could appear, the blasting vibration effect can be reduced, and particle vibration velocity could also be reduced.

[KEYWORDS] single-layer brick-concrete building; blasting vibration signal; modal parameter identification; wavelet

packet decomposition; blasting vibration reduction
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Fig. 1 Measuring points on the wall (unit; c¢m)
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Fig.8 Normalized energy distribution of
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JINTE AR, e AT R e S T RS

H AT, P 22 LA GB6722—2014 ( J8 i 4 4>
FE) R UE | X 8 0 3t 72 e 2 5 X 5 R e A7 AR AN
FISZHEATHE o Horh, SR HIORAP 0T G2 i 8 b BT At
WA 4R 2l 8 R iR R, (HR, N |
RO AR AT LU L B R B RGN B e
JEA B BE BT O, I b B Y B A
R B A RE R T o/ 25 355 BE I g OB RE
Ay T LA R B Rl B SR T M
A AR B 1) Al St 0 SR IR 4, LT A b ST
SR EURD AT AR , 5 B AR E TR, T RS
PRA B IR 2E . IR B SR R [R5 R R
F T JHL A A 5 10 5 W), X R O i 7 0 v A A [ A
FRIN ST H UMW A ARR] SO [RI 2548 X0 AR
Wz P HEAN R R IO, I R AN [R] 45405 , 3 b i
VEiE—25 IR SE

3 BHBIRRA

o7 FH B E 155 A AT AR B %) S )
() I 24 254, AN TR) A A A e R U BB W 23 S
TR B VR AR Sl A% ) H

W] Ls-DYNA g 57 BUERAL gl 9 firos, 5

(a) LY

(b) Ry

Ko Zeyginl
Fig.9  Charge model



.58 - B A M

5550 B4 4 )

A 100 m 5 24 m, AAUETE] 50 000 ps, KEZH5
AR B9 B RHEL L 43 51 24 Mat_High _Explosive _
Burn A1 Mat_ Plastic _ Kinematic, % F§ JWL K& 7
P, MR I SERR SRS R, i RS T
ZHNFE | R S AaMEHN 1S 500% 2,

A1 RAEFREHK

Tab.1 State equation parameters

R/ Mg/ A/ B/
(g+em™) (m-s™") GPa GPa

1.0 5 000 214 0.18

R, R, I3)

4.2 0.8 0.15

k2 BEMAAK
Tab.2  Rock material parameters
W/ BMERTE RS JEARN /L, AL
(g+-em™) GPa Lt MPa GPa ES0
2.54 57 0.27 106 5.5 0.5

PRI A R R (5] 10) , S RAELIA E) 100
em/s, HE QERR WA 9 (b) TR A la] BR324 5
2, 2 A B ) 2 ST A ] 5 A 2 ) B e
AN JEHA (400 s ) B4, w0 R LA 9 A 24 450 B 30T o7
FRIBIE 7 A WA 28 JINARAOSE (T 1) 2 8 30) i/ AR
PR AN () B Y, RIS AR A B 24 e A e 7R

0.15

o ©°

() —

W (=)
T

(=]

=-0.05

JI R H%E /(cm- ms™)

-0.10 -

-0.15

0 10 20 30 40 50
&} [El/ms
B 10 Lzl A S B iR
Fig. 10  Particle vibration velocity of

Point A in continuous charge

i R ARIE /(cm-ms™)

5 10
i []/ms

11 W&o

Fig. 11 Peak-valley superposition effect

{BAEAHEE B b, B A5 0 0 PR S I 90 em/s
(K 12) 8 ks/N T 10%

0.15

e
—
S

(=]

2-0.05 |

Jii R AR#E /(cm-ms™)

-0.10 |

015, 10 20 30 40 50
i [6]/ms
E 12 Zh)a B AR B S IRE

Fig. 12 Particle vibration velocity of Point

B after superposition

Nt — P BUE T R B R AT ST B IR 2
P RAUEARL (] 13) o 58, FR AR B A=
TN FASE R I, R B P 2 b 2 5 i BE AR Sh &8
SRJe TR R i 73 DX SR B~ e 40 , 20 St
RN, IR D B 3 5 R BE IR Sh Bl . 4SRNk
3R AN R BN TS AR e ik — 2P
e TR TR

.— \.
3 %-/ A BRI 5

13 FR GRS b R A E A A
Fig. 13 Numerical model of the single-layer
brick-concrete building
A3 BT UG R RMLE a9 Rk
Tab.3  Vibration velocity of different points before

and after superposition

cm/s
. PR
i - =
Z I =y
Hb I 55 0.41 0.37
5 RE I p, 0.52 0.48
4 it

AT XA X B SRR TR A A by R AR IR S R



2021 48 H

5 KA R N 1 TR A5 A 5 I sl o 7 A

SRR SRR Tk Sk E M, AF - 59 -

SR ARYE OMA J7 A0 SIS, X2k 4 3 () 4
W 2SS 35 0 HHT F/N A 20 4 07 0
AT A LR 4518 .

1) B T P2 0GR 454 5 2 Hb L 5 455 B g
RN 1 25 B [ A 00 28 R [R5 30 75 1) 4% B 19
IMF TR, b HE 5 55 BE (1) IMF 57 ik 77 78 B 15 22
S ML ESE T 51 (54. 67 Hz) (4 IMF BTRR R,
HEBE(CITT 51 (23. 43 Hz) (9 IMF STk

2) S REAC AN s A R A A0 A E AT 7. 81 ~
31.24 Hz(fik) .46. 86 ~ 62. 48 Hz( &) Wi 4 B3
FEL PN, 250 32 e A oS M o, ey I B
Ph15.62 ~23.43 Hz &, @B L 54. 67 ~62. 48
Hz o3, Bl i R oy BE AR 385 n , 7 PG B, AR 0 fig
SN 7 SUBL, SRE B N . TR
BEAL P RE R IR,

3) A o Bk 245 5 2 JA YA I S 4k {7 4% B
R B B NG, T LA/ IV PR Bh AR, [
R A5 iR

(1] R, E/hak, BOR A 45, M Bk B i AR i 50 ) 3C
LR 7 Hr [ T] . K& A1 ,2020,49(6) :48-53.
XIE Q M,HUANG X W,ZHAO D H,et al. Analysis of
time-frequency characteristics in blasting vibration test of
subway tunnel [ J]. Explosive Materials, 2020, 49(6) .
48-53.

[2] SOLTYS A, PYRA J, WINZER J. Analysis of the blast-
induced vibration structure in open-cast mines [ J]. Jour-
nal of Vibroengineering, 2017, 19(1) :409-418.

(3] HHpE, FYed. T B E 7 R Rk 3 1 R /9 3 250
RFFEWFTE [J]. SRR ,2019,48(6) :60-64.

TIAN Y, DONG Y J. Dynamic response characteristics of
underground roadway under blasting vibration [ J]. Ex-
plosive Materials, 2019, 48(6) :60-64.

(4] TRe, R5r, 2 WA, 5. AR E (49) SRY/K T R w4
SRR (1], M As#1,2016,45(3)
55-61.

SUY, WU L, PENG Y X, et al. Research review on
safety criterion of underwater blasting nearby constructions
[J]. Explosive Materials, 2016, 45(3) ;55-61.

[5] HASANIPANAH M, MONJEZI M, SHAHNAZAR A, et
al. Feasibility of indirect determination of blast induced
ground vibration based on support vector machine [ J].
Measurement, 2015, 75.289-297.

(6] 5Kmd, i, 5, 5. i 5 R o0 J Fl R B i 9k
SR AMT[ )] . BB 2012 ,41(3) :35-37,40.

(7]

(8]

(9]

(10]

[11]

(12]

[13]

ZHANG N, FANG X, FAN L, et al. Analysis on vibra-
tion effect induced by embankment blasting toe-shooting
on buildings around the monitoring area [ J]. Explosive
Materials, 2012, 41(3) :35-37,40.
BUKWE, GRS, SRR AR B T HE AR TR P R i
Jrir (1], TRERRE,2014,20(2) :21-24.
YUN Y F, ZHANG F. Study on seismic performance of
frame structures under blasting vibration simulating earth-
quake [ J]. Engineering Blasting, 2014, 20(2) ;21-24.
WRAEMS , 220 A0 Y3, A5, T /0N ) 728 48t 14 % 1
REBSE T T]. KRR T ,2018 ,47(5) :59-64.
CHEN Z B, LI X H,FAN L, et al. Analysis of blasting
seismic response spectrum based on wavelet packet trans-
form [ J]. Explosive Materials, 2018, 47(5) :59-64.
SR, J5 A A R AR IR R /N e T S R
SFE SRR B AR P R (V] ksl S by,
2013,32(22) :73-78.
GUO T, FANG X, XIE Q M, et al. Applicationof FSWT
in accurate extraction of time-frequency features for blas-
ting vibration signals [ J]. Journal of Vibration and
Shock, 2013, 32(22) .73-78.
AU 2%, TIEX:, 55, RR 35 A B
Bl BAERU A AFIERFSE (1] #0011 5 TS
#2,2012,31(4) ;723-730.
ZHU Q J, JIANG F X, YU Z X, et al. Study on energy
distribution characteristics about blasting vibration and
rock fracture microseismic signal [ J]. Chinese Journal
of Rock Mechanics and Engineering, 2012, 31 (4) .
723-730.
FRA IRk T Al sl AR, SF. R T HHT B9 7R 8 SEbR
SERRBIE AR T PR O P R [T, 4R
h 5 ,2015,34(10) :206-212.
GONG M, QIU Y K K, MENG X D, et al. Identifica-
tion method of detonators actual firing time delay based
on HHT and its application in millisecond blasting under
urban environment[ J|. Journal of Vibration and Shock,
2015, 34(10) :206-212.
R R AR, B8, BE T FSWT I 4520 A i A L
WOREAR ST 50 [J]. A TR, 2015,37
(2):306-312.
ZHAO G Y, DENG Q L, MA J. Recognition of mine
microseismic signals based on FSWT time-frequency
analysis [J]. Chinese Journal of Geotechnical Enginee-
ring, 2015, 37(2) :306-312.
TRIVINO L F, MOHANTY B, MILKEREIT B. Seismic
waveforms from explosive sources located in boreholes

and initiated in different directions [ J]. Journal of

Applied Geophysics, 2012,87:81-93.



