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Study on Prediction and Control of Blasting Vibration
in Urban Foundation Pit Excavation
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University of Technology,Jinzhou 121001 , China. )

Abstract: In order to study the blasting vibration prediction and control measures of excavation in urban area
under complex environment , the response law of peak particle vibration velocity and main vibration frequency is ana-
lyzed based on field blasting tests,and the blasting vibration prediction method is proposed based on the above two
factors. The vibration reduction effect of hole by hole initiation and vibration reduction ditch is discussed,so that to
obtain the optimal vibration reduction range of the ditch. And the control measures of blasting vibration are also for-
mulated. The results show that the prediction formula of the peak particle vibration velocity and main vibration fre-
quency is realized by considering the actual maximum single-hole charge and the actual total charge. The predicted
value is smaller than that solely based on the maximum single-hole charge,and the prediction accuracy is increased
by 3.2%. In the aspect of blasting vibration control ,the blasting vibration is characterized by low vibration velocity,
high frequency and short duration. Among all the measures,the effect of the vibration reduction ditch is remarkable.

Considering the peak particle velocity, signal frequency band energy distribution and instantaneous input energy re-
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sponse law ,the vibration reduction effect is the best within 1 ~6 m radius on the side of the ditch opposite to the

blast source,and the maximum vibration reduction ratio can reach 77.5% within 1 m radius. For similar projects, the

proposed blasting vibration prediction formula can be used for pre-assessment. When the distance of the building from

the explosion zone is less than 10 m,it is recommended to implement vibration reduction ditch.
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Fig. 1 The environment around the blast zone (unit;m)
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Fig. 2 Schematic diagram of initiation network
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Table 2 Blasting vibration data
S 5T BT KHTN PN ST SN R 4 2
SRR fiRE momm LR Rl S
(em-s™") (em-s™") Q./kg Q,/kg k8
1 0.527 0.507 29.100 0.810 1.000 29.100
2 0.486 0.485 32.200 0.810 0.781 27.000
3 0.548 0.546 25.100 0.810 0.820 32.000
4 0. 627 0.641 20. 000 1.125 1.000 43.200
5 0.588 0.578 25.200 1.125 1.252 42.000
6 0.565 0.548 28.100 1.125 1.370 37.100
7 0. 648 0. 655 19. 000 1.125 1.031 45.000
8 0.478 0.492 30. 100 0.710 0.580 26. 000
9 0.507 0.525 26. 000 0.710 0.561 28.100
10 0.496 0.509 28.100 0.710 0.602 27.000
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Table 3 Measured blasting vibration data

e Jo A AR H/ (em - s7") FIRIF/He B /m Puih v {DLIJHE %&ﬁéi‘f—'

x ¥ z x y z kg (VA XT A E
1-1 0.121 0.115 0.115 14.761 12.402 12.923 97 22.200 A -10m A —10 m
1-2  0.117 0.130 0.165 14.132 10.075 13.159 97 22.200  ZEf -10 m A5 — 10 m
2-1 0.18 0.136  0.117 30.650 11.816 12.822 72 12.700 Al -6 m £l -6 m
2-2 0.211 0.103 0.353 10.683 7.030 12.214 72 12.700 il -6 m A5 -6 m
3-1 0.061 0.073 0.121  8.297 8.573 22.038 73 12.800 Al -1m A -3 m
3-2  0.272 0.232  0.243 13.721 14.285 11.612 73 12.800  ZEfil-1m A -3 m
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Fig. 6 Measured blasting vibration waveform at 1 m

-0.04

TR /(cm + 87

-0.08
-0.12

on the right side of the damping ditch

A
,WWM
05 b IV T A AR )
05 ““\}f‘ | / NGRS s0osere
oA
\ V

v

&R /(cm + s7")
s
&

1
20.20 i

K7 ARIEZEM -1 m AR S BT K
Fig. 7 Measured blasting vibration waveform at 1 m

to the left of the damping ditch

H % 3 K16 S & T AT, 2 R R 2Y e A
R, Dol VA R B A8 2R S 2 o VAR V) () A 7 T LR
i b R 0 T U R R B i 5T e R ek 555 % g T i B
FREEF 40 2 PR R R BE R DR T 1Y)
FEfE A IR WdRE 1 ~10 m AEHIEAE N BER L
TEAE, S R ST B IRTA 1 m B FEAR L
BRIl PTG 77.5% o SR A3 b R2 I S8 ok DR 1A )
JoT R VR AR B AE K- 7 [l A5 BT B TG AE T L[]
FREEREAR . AT UL, AP 1) Jo o 0 (B e o 2% %o 350
Wi RS ) R R
3.3 BIRAX ERERMN M

KA HHT 325 %5 3% 2 84 647 Hilbert A8 4, 15
A IOE E B BE RIS M e i o A . BEHER
3PS T 1.2 -1 &3 -1 B3R A 45 0
WIS AT AR o3 A, ARl 8 TR o

H L 8 AT, e 94 VA A I (Bl DR e S
) ,3 41155 0 Ik B g A RE 2 | 1D B A o 0 1 S

L] (1) 347 B A 1T () 7 A 8 22 0/ N 34, 2 B A i A
W1 ~10 m FEHIR R N REIRSOCR e i 3, Horr,
TEWAIRIAAM 1 ~6 m FEHIERRN , IS5 B IL
A et R S B/ ) S AR R R, AR
FIF AR X R0 % 4 SR, E IR IS A7 1 10 m
b AT S R SIS e R 0 1) I AT R S, BE R A R4k
TV I HE T AT 3 5 W 3 S 0 PR AR T
FEAE LRV , SR F R X R A LA
TR R IR T 5 5 AT e S 43 A B R I e A e
eI O R A < A DR IR VA T R N (e LR A AR
YWorm) 1 ~6 m AEHERNBEIRBOR Sl . fEmdR
WM =10 m VERREAR N, IRMRA 1m0 &
JEfEaF, PRI, 6 2 T AR vl 2 25 AR TR 19 0
PRIGUR 58 RT, ESCRE D8R VA A B E T 00 50
) <10 m 0L E N H o

4 H5iE

RS B S AR S RIE P T 255 T i
(BRI -5 IR ) R IR 3 B0 75 3%, I 73
HriZ LS H 5 DR VA AR RACR AR T MR I 34 il
Titke R FEABWT

(1) TESZ IR T B XTI 2 LR 8 T
RErh, 25 75 i 24 T R R O AL 24 8 T A4 o
e 4 3 A S L e K B L 24 TN A JEE 4 v T
3.2%,

(2) 255 Jo i Vg {90 3 B 4 A0 A 0 2 5K
SR A A A A R T % B AR 2l 0 R AT A
kO (R R LY i) —E I, FEIRMR S iR K
FAFLZ R (J OB ) AR L OC &R o

(3) R FH 2 AL A5 -5 IR VA e i B R I, B
FRBZHCR 5 BEE 73 M 45 R R W 1 i Ik 3 A AR
B R R R PR AICR W AR,
PRIA A E IR AR 1 ~ 6 m i M I DX [ A 1
PRENA S KA



G40 % 3 RALFE, TR WRIXIEGTUTIZ R 3 I K42 il w5 211
0.15f 0.15f 0.15f
0.10f 0.10 0.10
= 005} 0,05 005
g 0 g 0 g 0
< _0.05f <_0.05 <_0.05
s il o
#-0.10 #-0.10 #-0.10}
-0.15 -0.15F -0.15
opol—— opol—— opolb— vy
0 020406081.01214161.82.0 0 020406081.0121.41.61.820 0 020406081.012141.61.820
if il /s B 18] /s ol /s
1-1 JE IR E E 2-1 R IR B 3-1 JRHR B
1-1 Original waveform of blast 1-1 2-1 Original waveform of blast 2—1 3-1 Original waveform of blast 3—1
0.025 0.045 0.014
0.040 0.012}
0.020 0.035}F
T %2 0.030} T 00107
- 0.015f S o005k o, 0.008]
< 0.020 = 0.006
= 0015t = 0.004F
0.010
0.005 0.0021

0 AL
0 020406081.012141.61.820

B8] /s
1-1 BEEFRE R

0 -
0 020406081.0121.41.61.820

B8] /s
2-1 BEATRE 15

0
0 020406081.01214161820
B [a] /s
3-1 BEA RE RS

1-1 Instantaneous energy spectrum of blast 1-1-1 Instantaneous energy spectrum blast 2—-B—1 Instantaneous energy spectrum blast 31

RERE /%

2 2

2 2

RS R

o jm

Pl e

qm qm

0 50 l(l)O 1;0 2(‘)0 2;0 SIO 1(l)0 1;0
fiF 6] /s B} /s

1-1 BE B4 B 2-1 RER A E

1-1 Energy distribution diagram of blast 1-1 2-1 Energy distribution diagram blast 2-1

DBl 0 A DN 0 ]

&l 8

100 150 200 250
B8] /s
3-1RERARE

3-1 Energy distribution diagram blast 3-1

200 250 50

Fig. 8 Spectrum diagram of measuring points on the right side of damping ditch

&% 3Lk ( References)

il BT PR, A 2 DG I R 1 S R
YR SR T [T ] B b, 2021,4(9)
129-141.

HE Li, YANG Ren-shu,ZHONG Dong-wang, et al. Calcula-
tion of equivalent charge weight per delay and vibration ve-
locity prediction for millisecond delay blasting[ J . Explosion
and Shock Waves,2021,4(9) :129-141. (in Chinese)
PANEIRO G,Dura F O,Silva M Costa, et al. Neural net-
work approach based on a bilevel optimization for the pre-
diction of underground blast-induced ground vibration am-
plitudes[ J ]. Neural Computing and Applications, 2020,
32.5975-5987.

YANG H Q, HASANIPANAH M, TAHIR M M, et al. In-

telligent prediction of blasting-induced ground vibration u-

sing ANFIS optimized by GA and PSO[]J]. Natural Re-
sources Research,2019,29(2) :739-750.

ZENG J,MOHAMMED A S, MIRZAEI F, et al. A para-
metric study of ground vibration induced by quarry blas-
ting:an application of group method of data handling[ J].
Environmental Earth Sciences,2022,81:127.

DONG L J,Li X B,XU M, et al. Comparisons of random
forest and support vector machine for predicting blasting
vibration characteristic parameters [ J ]. Procedia Engi-
neering,2011,26.1772-1781.

WEI H X,CHEN J F,ZHU J,et al. A novel algorithm of
Nested-ELM for predicting blasting vibration [ J]. Engi-
neering with Computers,2022,38:124-1256.

(TF#:4 235 1)



F40% H3H EN

56, BUIR B A 4

TRE M Ve R AR B TR0 10 R 407 T S i

235

[10]

[11]

[11]

2#4%,2018,34(11) . 112-118.
WU Liang, CHEN Yang, MO Ji-yun, et al. Axial unloading
experiment of preloaded rock and its application in post-
graduate innovation teaching[ J]. Journal of Chengdu Nor-
mal University,2018,34(11) ;112-118. (in Chinese)
RSB I ERL S RO YRR
(2 B 0 [T ). R U 27 Be 27 41, 2016,
32(9):111-116.
WU Liang, LU Shuai,MO Ji-yun,et al. Mechanical prin-
ciples and teaching in the construction of blasting demo-
lition[ J]. Journal of Chengdu Normal University,2016,
32(9) :111-116. (in Chinese)
oo, R B RN R BeE kit 5
SCRE[T]. VR & #H ,2016(1) 81-83.
WU Liang, LI Feng, JIANG Pei, et al. Design and prac-

[12]

[12]

[13]

[14]

[15]

tice of blasting network teaching experiment[ J ]. China
Metallurgical Education,2016(1) :81-83. (in Chinese)
| I T R = T L S g A U /N
MPRHCAIRE GIER[T]. T E R ,2020,23(1) -
49-51,55.
SI Jian-feng, CHEN Hao, HE Li, et al. Exploration and
practice of visual programming teaching in blasting net-
work design[ J]. Laboratory Science,?2020,23 (1) :49-
51,55. (in Chinese)
BB 2 A T A B3k % R 0 07 L S 36 A
[CP/CD]. E/EAUEIE S :2021SR05855733.
DR R 5. — i ] T AR S 36 ) B 4P L2 7 - oh
,201510298565.7[ P].2018-04-24.
DR R A — B 485 5 5 ke 0 4% R
201520782331.5[ P].2016-01-27.
ES &Ny

(E#% 211 )

(7]

(7]

[10]

[11]

[11]

Bk, 1L 7. CEEMDAN-/N B {E A R Ak 3 15
EAb BRI B 2022 ,39(3) :41-47 ,164.
FEI H L, SHAN J. Application of CEEMDAN-Wavelet
threshold method in blasting vibration signal processing
[J]. Blasting,2022,39(3) :41-47,164. (in Chinese)
ABUKAS, EbRIE, 2 IR, 4. HE T LIS 10 1 Bl U )
AR AN [T ]. PR3 5 wh i, 2021,40 (12) :47-
54.
DENG Bing-jie, Wang Lin-feng, LI Zhen, et al. Fourier
frequency prediction of blasting vibration based on the
probability theory [ J]. Journal of Vibration and Shock,
2021,40(12) .47-54. (in Chinese)
YANG J H,LU W B,JIANG Q H, et al. Frequency com-
parison of blast-induced vibration per delay for the full-
face millisecond delay blasting in underground opening
excavation[ J]. Tunnel ling and Underground Space Tech-
nology,2016,51:189-201.

LI Hai-bo, LI Xiao-feng, LI Jian-chun, et al. Application
of coupled analysis methods for prediction of blast-in-
duced dominant vibration frequency[ J]. Earthquake Engi-
neering and Engineering Vibration,2016,15.153-162.

SRURMS , ot R IBAE 5. 12 GA-BP #2845 Xt
FE AR 2l o B T [T ] 40,2020,37(3) :148-152.

GUO Yin-peng, YANG Shi-jiao, ZHU Zhong-hua, et al.

Prediction of blasting vibration velocity using GA-BP neu-

[13]

[14]

ral network [ J]. Blasting,2020,37(3) :148-152. (in Chi-
nese)

sk W, EMGHS. BT RVM {8 ik 4i 21y o 3 100 I A
R[] B1%,2022,39(1) :169-173.

ZHANG Yan, WANG Peng-peng. Blasting vibration ve-
locity prediction model based on RVM [ J]. Blasting,
2022,39(1) :169-173. (in Chinese)

THHE, KBS 88 K i R B LA R SR
B U IR H T [ ] b BR R 27, 2022, doi ; 10.
3799/dgkx. 2022. 144 https: // kns. cnkinet/kcms/de-
tail/42. 1874. P. 20220425. 1425. 008. html.

DING Wei-jie, LIU Dian-shu. Blasting-induced peak par-
ticle velocity prediction of hole-by-hole blasting operation
using digital electronic detonator in open-pit mine [ J].
Earth Science, 2022, doi; 10. 3799/dgkx. 2022. 144, ht-
tps: // kns. cnkinet/kems/detail/42. 1874. P. 20220425.
1425.008. html. (in Chinese)

JRAZE L3R B, TEAS. BRI S A I K [l
LT ] 3L T TREBOR K241, 2005 ,24(2) : 187-
189.

ZHANG Li-guo, GONG Min, YU Ya-lun. Forecast and
regression analysis of blasting vibration frequency [ ] ].
Journal of Liaoning Technical University,2005,24 (2) :
187-189. (in Chinese)

ES @ E IS S



	2023封面3
	页 1
	页 2

	9-15-爆破2303内页210X297


 
 
    
   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:20230511095546
       841.8898
       210X297
       Blank
       595.2756
          

     Tall
     1
     0
     0
     747
     284
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     None
            
                
         2
         AllDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     5
     244
     243
     244
      

   1
  

    
   HistoryItem_V1
   Nup
        
     去除印张余的空白： 是
     允许页面缩放： 无
     边空： 左 0.00, 上 0.00, 右 0.00, 底 0.00 点
     水平间距 (点)： 0 
     垂直间距 (点)： 0 
     各页添加边框： 无
     印张大小： 45.000 x 45.000 inches / 1143.0 x 1143.0 mm
     印张方向： 最佳适合
     布局： 纵向1行，横向1列
     排列： 顶左
      

        
     0.0000
     8.5039
     8.5039
     0
     Japanese
     0.2835
     ToFit
     0
     0
     1
     1
     0.7000
     0
     0 
     1
     0.0000
     0
            
       D:20230914184218
       3240.0000
       Acrobat 3.0 Maximum
       Blank
       3240.0000
          

     Best
     765
     303
    
    
     0.0000
     TL
     0
            
       CurrentAVDoc
          

     0.0000
     1
     2
     1
     0
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base





