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Experimental Study on Delay Time of Hole-by-hole
Initiation based on HHT Spectrum Analysis

CHU Fu-jiao' ,WANG Zuo-peng’ ,LI Ming-han' ,GAO Zhi' ,DING Ming-hai' ,YIN Shu-hai'
(1. School of Resources and Environmental Engineering, Shandong University of Technology,

Zibo 255000, China;2. Shandong Dongping Hongda Mining Co. ,Ltd. ,Taian 271000, China)

Abstract; 1In order to solve the problem that excessive blasting vibration affects the safety of village buildings
(structures) on the earth’s surface during the mining process of an underground orebody, the inter-hole delays of
8 ms,10 ms,12 ms,14ms and 18ms and inter-row delay of 100 ms were selected for tests in the #63113 ore room of
the orebody III in the mine. By combining the actual situation of the site and the empirical formula, the natural vibra-
tion frequency of the brick-concrete buildings with 1 to 2 floors in the village was 7. 63 ~13.23 Hz. The blasting vi-
bration data was collected on site and HHT transformation was applied on the measured blasting vibration signals by
MATLAB. The characteristics of the signals were then analyzed from the perspectives of time domain, frequency do-

main and energy. The highly adaptive EMD decomposition was used to decompose the original vibration signal into
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the IMF components which were transformed by 10-layer db8 wavelet transform and the proportion of energy in the

total energy of the frequency band 7.8 ~15.7 Hz of level 9 was summarized. The three-dimensional Hilbert spectrum

and marginal spectrum were obtained by Hilbert transformation of the reconstructed signal with the IMF components.

Through EMD decomposition and wavelet transform research on the blasting vibration signals, it is concluded that the

three-direction energy ratio corresponding to the 12 ms delay time at No.3 measuring point is reduced by 14.07% ,

24.89% and 6.26% ,respectively. The experiments show that the problem that the problem that the low frequency

energy takes a large proportion in the total energy can be improved by optimizing the inter-hole delay,and the reso-

nance effect can be effectively avoided. By comparing the Hilbert marginal spectrum and the three-dimensional Hil-

bert spectrum with different delay times,the main vibration frequency and the maximum instantaneous energy of the

blasting with an inter-hole delay of 12 ms appear 200 ms after the detonation, concentrated in the range of 30 ~40 Hz

which is higher than the natural vibration band of the buildings,and thus have the least influence on the structures.
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Fig. 3  Blasting Vibration Signal
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Table 1 Blasting vibration data when the delay time is 10 ms

1 396.33 0.08 15.81 0.10 22.10 0.13 20.51
2 463.24 0.09 29.85 0.17 21.28 0.43 54.05
3 553.34 0.05 17.86 0.11 20.62 0.21 43.01




106 5%

17 2023 4E 12 A

2 BuiRzhiES HHT ik o547

2.1 EMD #fg5/NEES T

X =S I A5 SR 4 B Y B A9 1 ik B (5 5 18
HHT A3 J5 43 B 3, 4500 5 1) 7 0 I 3 U8 1) 4%
FERUEART , B0 A T1 0 3 5300 05 A R i R sl
SRR R

FET Matlab 5 5% £ 21 (%) i £ 10 15 1 F1 L 18] fk
ZFE] R 8,10 12,14 Fi1 18 ms (48 IR sh 15 5 %
EMD 73 5 , 5155 & T 1) IMF 53-8 5% 380 4 1Y
IMF 736 FH db8 /N A 10 2 /N 248 4 . EMD
3 fif i R AR R iR 2 W A TC-4850 A R A At
LA 16 000 Hz, iy Shannon SR kf 52 B Al 1, H:
Nyquist #5133 8000 Hz, #47 EMD 43 F1 /N £
YA E) AN [F) G 2 1] B B5F ) 4500 45 5 19 IMF
G358 AU 238 43 A FURR N RE 2 R /N AT 22 B[] oy
12 ms Y[ 8 R 315 5 220 9 I EMD 43 fig
A5 2 78 25 B ANE A S pRECFN SR 25 4 1] 4 iR o

s INERRS R B 5 (R) SR 7 AR A R R K
I SR R S G R R B L A
MR Z R 1 ~2 )20 A Sk iR a5, 85 & EE
3.3~6.6 m Z[a], HEBRE TR S 058 B i
SRR A QR HE T DL I £ B 0 SR BN 0 e
A E , AR 015 (R ) S e B e o T, 4
(R S AR A IR A AL S an = (2)
Fﬁﬂ?m

: 1
/. T 0.0168(H +1.2) (2)

Ao f, S — R S A 5 H Ol A
AN RS B 3.3 ~6.6 m, THREAGHE
HSE A MR 7. 63 ~13.23 Hz, J R0l e D
SR R 5 S I R R, S M IR Bh 15 5
RAET. 63 ~13.23 Hz MYfE I i BUE 5 BRE R
FUHE, I DUOZAIA e & H AN S TTHE S B
Tt SRR 37 A e & A A% T LR ik 200 Hz, FR
WRAE 7. 63 ~13.23 Hz 2 [B] L LLF (¥ BE & I
%‘E%[ll,lﬂ .

WM T IMF 435 % B, J0 18 2 SRR i 1k
ZEBF (AR TH I 2B T 22 ) (B3 1, = 1) A e i 3
REfARTE 7. 63 ~13.23 Hz Z A5 & 504 , Herh 3 A
FEIE S S 2 2 3 5 I LI 22 R 8] Oy 14 ms B
() EMD 5345 58  EMD 325 5 L3R 2. LAALIRIGK
Z2BFR] A 14 ms B A1), 4% 1) AH T RE 2 A ER g R A
B Bk 6 ~23.3 Hz F10.659 ~22.2 Hz, Wil
FHXS fE i (7 Ak ] 74, 04% , ) ) (4 £ S8 A

7.42 ~25.3 Hz Fl14.27 ~ 19 Haz, HEF 45045 48 X fi
Tl LU ik 88. 42% , AH Lb 22 T ] AH X RE & A L
BRI 84K 178 8. 14 ~52.7 Hz F15.98 ~
30.8 Hz, P4 AHXT 6 & 7 LE ik 5 80. 4%, #i1H
PRI AR PR IR e e R AR 23 Hh PR B R S
S AR RE R

-2
Sl
~o2 H L ! ! '
-500 0 500 1000 1500 2000
x 107
o 2
& 0|: mw”mun
~ -2 1 1 " 1 )
-500 0 500 1000 1500 2000
x 10°
- 1
& F 1Y T
0 Lk )
~ -1 ‘ v 1 1 1 )
-500 0 500 1000 1500 2000
x 10™
% 4F "\M‘MMW
g0 \ ) ) .
-500 0 500 1000 1500 2000
x 107
& 4[
E 0 J\/\,\/\_/W\W/\M )
-500 0 500 1000 1500 2000
x 10
!
S ?F \/\/\/\/\/\/\/V\/\/\/\M/\/\/\/\/\/ .
=500 0 500 1000 1500 2000
X 10”
$o
=500 0 500 1000 1500 2000
-5
L oaX 10
= OE /\/\—/_\
g2 ) . - -
-500 0 500 1000 1500 2000
= 3
§ 5>F ) \_/_\/\
=0
S_s . f . . )
[
-500 0 500 1000 1500 2000
T/ms
4 35S 12 ms Wit AYEE(
SRR BN 5 5 EMD 43 ]

Fig. 4 EMD decomposition of the vertical blasting vibration

signal for 12 ms at No.3 measuring point
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Table 2 EMD decomposition results of blasting vibration signal with a delay time of 14 ms

iold me 1] D) e [i]
° Frequencies/Hz Relative Energy/% Frequencies/Hz Relative Energy/% Frequencies/Hz Relative Energy/%
IMF, 254 ~3810 0.02 393 ~3810 0.01 288 ~3830 0.03
IMF, 152 ~ 1600 0.01 307 ~ 1580 0.00 18.8 ~85 0. 66
IMF, 6~23.3 35.93 7.42 ~25.3 57.19 8.14~52.7 56.96
IMF, 0.659 ~22.2 38. 11 4.27~19 31.23 5.98 ~30.8 23.44
IMF, 1.74 ~13. 1 10. 53 3.25~10.2 7.37 3.35~15.9 15.99
IMF, 2.09 ~5.02 13. 31 3.39~7.28 3.81 2.89~10.4 1.07
IMF, 0.82~2.32 0.99 0.405 ~3.03 0.12 0.593 ~3.03 0.99
IMF 0.481 ~3.13 0.57 0.276 ~0. 741 0.25 0.757 ~1. 89 0.21
IMF, 0.28 ~3.62 0.53 - - 0.251 ~0.743 0.15

Residual  0.0125 ~0. 238 0.01 0.0178 ~0. 696 0.01 0.0151 ~0. 876 0.51
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SRl G = EREEELE %
Table 3 Energy Ratio between 7.8 ~15.7 Hz and total

energy in three directions under different designs/%

11/ % YIm/ % TE[]/ %
B 34.87 41.13 23.78
8 ms it 23.28 27.30 12.31
10 ms &3t 28.86 19.51 7.35
12 ms &3t 20.80 16.24 17.52
14 ms #it 33.86 31.68 34.15
18 ms it 24.06 32.53 9.65

LR LTI, T A L AR ARG 7 A P R il i 0 A
Z RN, BARBRE i 2 10 L, ELIRIRRE & (9
ARG 5 R (K S B9 FL IR AL, — % 5
FRAEICYR B R 22 I (R] R LY N 7.8 ~
15.7 Hz BYRERAE S RE & A 5 L, BE /™ A 3t
PREGBEAS, FLIAI 2 I E] 528 12 ms BEIRUS fe i
FIRCR o B U BRIl 2 R Ik 1] ] i 5L, R A
FHI TR AR, BN 5 7= A LRV
2.2 Hilbert THG5 4557

2 EMD 7pfift ), R A5 5 70 24 IMF 73 &
FHFRZEW A, F5 Fe B i i Ho/h BRI R
/NBY IMF 734 DA KBk 2, IR XSS #EAT E A, B AT
PV H #4955 19 Hilbert §¥%, 4 Hilbert 3% A fig
SR 77 1o 1] A B A AR AR

“YEA RN HAT 2845 2 i AR,
USRS (75 S TR] | B FR 30 25 i =2 18] ) 5C R
PR AT U T Al SR A i 5 5 vh 4 2 i Bt
AP, AU SRRk, 3 500 i) = 4 /K
TAHFEUNE S B, Hilbert PRI WAL = 464 /R 1A
R A AR T, 2503 IR A o ]S 3R

ANRIER:) i e S I N SN S W By S = S NS
THE S RAE T #4850 A A 9913 A5 1) SRR (L 43
7,3 5509 Hilbert sAPRIEUNE 6 TR

MIE 5 (a) B 6(a) 7] LA H, 2 ik 2 i )
8 ms i} FHRMFLE PLE 15 ~ 30 Hz, i BB 4
WSS iR AE TR AE 5 ~ 15 Hz Hoa], LR s 5 %Rt
T A B S, 5 2 (K 509 09 4R A%
7.63 ~13.23 Hz M, AR TFH (1) SR 2 45
o MEIS(b) B 6(b) ] LIF 1, i 228 8]
10 ms B, FHRMZAE 30 Ha 2247, Bk ) i 2 05 {1 4
KALSEHTE 350 ms B 10 ~ 15 Hz, ME 5(c) (&
6(c) FTLAE H, M 220 [0 12 ms B, {5519 £
HRARAE 30 ~40 Hz Z [A], A0 L 2 F BRI R B AH 22K
K, ZAG2E R OB RE AT A iR 3. ML 5(d) |
FL6(d) FTLAE H, 462 [E st ] oy 14 ms B, {5
S FEIRAELE DA 12 ~ 17 Hz, If HAR 3 A IR AE
A B Al 25 1] B B i) v+ — > G, SO
FARAT B 12t 1 R B R 22 4 P 8 a1 FH A [
T 2 X (4 SR A g . AL S
(e) E6(e) W] LLE H, Mk 2 M FRE ] 18 ms
i, FAY (55 EARAE 30 Hz, PLA R e g vh
30 Hz, JFLRVEFIETE 2y 200 ms, 55 — B4 K14 B i
AE R A A2 7E 700 ms, AR BE AE fE IS (E A B R F&(E
JEARSNIHRE TR 10 Hz 7247, J8 T2 a5 5
FH (R SRR BE i

L5 LR R R PRAE R F 7. 63 ~13.23 Hz
AT A2 B TRD BT T A R T R () S %
4, IR R AR I E A AR R R B 12 ms R
ka2 B 1] T LA e R R B b A ARG L IR X A (44 ) 3R
W EE AR i A AS RIS IR



PEH/(m » ms™)
= o= b W
o U o L o W

o
n

(d) Delay time: 14 ms

K5 =4 R A0

(e) Delay 18 ms

Fig. 5 Three dimensional Hilbert spectrum

x 107
1.2
T 1.0
g
. 0.8
:E’ 0.6
i
® 0.4
0.2
20 40 60 80 100 120 0 10 20 30 40 50 60 0 10 20 30 40 50 60 70 80
Frequency/Hz Frequency/Hz Frequency/Hz
(a) T2 1] 24 8 ms (b) P22 HF 8] 4 10 ms (o) ZZRSIE) 27 12 ms
(a) Delay time: 8 ms (b) Delay time: 10 ms (c) Delay time: 12 ms
_7 -8
4510 16710
4.0 + 14}
~ 35} ~12
g2 3.0r g 10
© 25¢ %08
Er0f 8%
-1‘@3 15l 4‘;&3 0.6
¥ ool 04
0.5 0.2
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Frequency/Hz Frequency/Hz
(d) P22 E] 2 14 ms (e) T ZE R[] D9 18 ms

(d) Delay time: 14 ms

K6 A /RAARRL PR
Fig. 6 Hilbert marginal spectrum

(e) Delay 18 ms

108 Ok 2023 412 H
> x107° > x10™° > x107°
24 28 210
o o o
=] =] =]
=3 =6 = 0.8
= = =
g 2 S 4 2 0.6
Ly : ) fos
Z0o
£ 0l £ 0. £ ol
= 60 Lo 60 S 100
& 40 - &, 407 2.0 2.0
g, 20 55 10 = & 55 10 (= 0430 TR
{2y . Loy . L2
J)/liz 0 0 Timels J)/lfg 0 0 Timels J»/% 0 o 0.5 Timels
(a) fHZERTA] 4 8 ms (b) 2= A 8] k7 10 ms (c) T ZERT ]2 12 ms
(a) Delay time: 8 ms (b) Delay time: 10 ms (c) Delay time: 12 ms
% x107° g x107
= 1.5 1.5
=] =
= =
2 1.0/ 21.0.
8 8
505 505
=] =
3 3
n 0 | n 0 |
=100 = 60
. 2.0
“e, 50 s 20 %0 1.5
?z,e)l 5 1.0 91(5,}2 0.5 1.0
C'J//;le 0 0 . Time|5 C'J)/lz]z 0 0 . Timeli
(d) 7R 2Z B 6] 7 14 ms (e) T2 [A] 47 18 ms



405 H4a

BRI, TARMS, 2540000, % 56T HHT BT 208 AL AR G2 I R S0 W5 109

3 i

(1) i 45 At T B B A2 46 8 G345
t 8.176 ~17.314 ms AYFLIAIf 22 i 8] DX I, 8 52 1
FLIE 22 F ] 8 10,1214 (18 ms, FF [ {3 22 i} 8]
100 ms /E24 BERIILE B AL

(2) 55 b R B TR 1 # W 5E r  i f s
S A B IR TS L A R
N 7.63 ~13.23 Hz,

(3) 3 3 Xk 25 I A 4R 2 B A i EMD 73 i
H/NBRL I e o3 M At B R 3 5 A ARt fiE 1
EXFEBE AT A2 DTk, 8 Ao A AR o 2 R AR () AT
A/ B RE £ 7 BE 1 R A ot B, v (2 ek )
12 ms BRI AE . (RBTRE AR AR 1) A1)
I L 4 5 PR T 3 ) L AR RE R 04 oy U RT3 1) L
ARERR i L, 3K Pl O AN Bl 5 22 I T) A 2 2 i
B o

(4) AR 3 5 5 2547 HHT A5, 25
E O T BRI AN = A R AR R, 25 el 1] e
6] 12 ms I, K % 2015 5 J2 R0 5 A1 i v 4 K
RETE A 7E 30 ~ 40 Hz, A5 @A 5P B IR
FAZS, M A () S P 52 9% ) B B 52 i 5 /0N, AR
PO IR T, MR IR S VR I LS, A S %2
PEBh/IN, BRI 12 ms SR AL B2z 1a]

%2 3Lk ( References)

(1] 24y BPEIR, TR, 45, 567 EMD-HHT Fi/) i 2
R T RSB RBAR S ERNTE[T]. A R TR,
2021,11(12) :100-108.

[1] LI Xiang-long, ZHAO Ze-hu, WANG Jian-guo, et al. Re-
search on vibration law of underground shallow hole blas-
ting based on EMD-HHT and wavelet theory[ J]. Nonfer-
rous Metals Engineering, 2021, 11 (12); 100-108. ( in
Chinese)

[2] BATTISTA B M,KNAPP C,MCGEE T,et al. Application
of the empirical mode decomposition and Hilbert-Huang
transform to seismic reflection data [ J ]. Geophysics,
2007,72(2) :29-37.

[3] CHEN Yang-kang, Sergey Fomel. EMD-seislet transform
[J]. Geophysics,2018,83 (1) : A27-A32.

[4] 3K, 5k B BUKE, 5. 6T HHT BE 234 i 52
W2 X R 2 P AR AR s [T ] A a8 (1 1R
41),2021,73(4) :138-144.

[4] ZHANG Zhi-yu,ZHANG Zhi,HUANG Yong-hui,et al. A-
nalysis on the influence of fault on the propagation of
blasting seismic wave based on hht spectrum analysis[ J].
Nonferrous Metals ( Mining Section ) ,2021,73 (4 ) ; 138-
144. (in Chinese)

[5]

[5]

[10]

[10]

[11]

[11]

[12]

[12]

BERZE BET HHT J5 25 5 5 T AL AR Bl IR 3h 555 70
Brld]. BRiE A AR ,2021(4) :18-22.
LI Jian-jun. Vibration signal analysis of shallow hole blas-
ting of rock wall based on HHT method[ J ]. Railway Con-
struction Technology,2021(4) :18-22. (in Chinese)
KW o, B 30F, ZE a0, 5. IR 3 % % 1 Bl R AR
PO AT [T]. PR3 uid,2020,39(24) :54-62.
SONG Xiao-long, GAO Wen-xue, ]I Jin-ming, et al. Influ-
ence of blasting vibration on cumulative damage effect of
tunnel surrounding rock [ J ]. Journal of Vibration and
Shock ,2020:39(24) .54-62. (in Chinese)
BIFAE FLN LIV 22 K i 18] B ][] f) 5 BRI PR [T ]
4 JEH11,2006,35(4) :4-6.
LUO Kai-jun. Rational selection of delay time in in-hole
and between holes microsecond blasting[ J ]. Metal Mine,
2006,35(4) :4-6. (in Chinese)
FW, FESC IR A A 5 SRR S 15 5 2 A
KRl o AT WS [0 ], P4 2 B TR 4 o 4k, 2021,
37(2) :261-268.
WANG Zi-ming, YAN Jian-wen, YANG Zhen-jun. Time-
frequency analysis and energy distribution of chamber
blasting vibration signal[ J ] Journal of Xi’an University of
Technology,2021,37(2) :261-268. (in Chinese)
o WLR L, BBEl 5 F CEEMDAN-INHT 1) 3
T S AR Bl I A3 A LRI [ ] R, 2022-
11-17, 2023, https: // kns. cnki. net/kems/detail/42.
1164.TJ.20221115.1923. 028. html.
SUN Miao. WU Li, YANG Jun-kai. Application of time-
frequency analysis of blasting vibration in underground
caverns based on CEEMDAN-INHT[ J]. Blasting, 2022-
11-17, 2023, https: // kns. cnki. net/kems/detail/42.
1164. TJ.20221115.1923. 028. html. (in Chinese)
XSS FR M R AT R B2 6% TR 454 s = 41k 3 iy
NAFFE D] L AL TR, 2019.
LIU Yong-liang. Study on vibration response of single-
story brick-concrete building under blasting earthquake
[D]. Tangshan; North China University of Science and
Technology,2019. (in Chinese)
S, SRR RN, AR BRI R 4R 1T
R My HAT 23 #r[J]. 46 T8 -5 40 T2, 2020,
49(6) :39-42 ,46.
HUANG Peng-rui, WU Xian-zhen, CHENG Jie, et al.
HHT analysis of the impact of open pit quarry blasting
on adjacent houses[ J]. Chemical Minerals and Process-
ing,2020,49(6) :39-42,46. (in Chinese)
I, ALY, B AR TR O AR A
NEIB IR AT LT ] R, 2015,32(4) 1 149-152.
HU Kun-lun, WU Li-qi, CAO Yong, et al. Dynamic re-
sponse analysis of buildings under blasting earthquake
[J]. Blasting,2015,32(4) :149-152. (in Chinese)
EL A& Al




 
 
    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.268 x 11.693 inches / 210.0 x 297.0 mm
      

        
     AllSame
     1
            
       D:20231216182627
       841.8898
       Blank
       595.2756
          

     Tall
     1
     0
     1
     956
     212
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     None
            
                
         1
         AllDoc
         42
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     0
     234
     233
     234
      

   1
  

 HistoryList_V1
 qi2base





