ENGINEERING BLASTING 2022 12 28 6

: 1006-7051(2022)06-0015-10

CDEM

1,2 3 4 1.2 4 1,2
’ ’ ’ ’ ’
(1. , 116024 ; 2. ,
116024;3. s 1001903 4.
s 610000)
, - (CDEM) JWL s s
35 ms B H . . 25
ms . v L s
, o 6 m s
3.2%, 3.8%, , .
; CDEM; ; ; 3 3
: TU45;TD235 A doi: 10.19931/;.EB.20210270

Numerical simulation of blasting effect of rock foundation pit based
on CDEM

REN Hui-min"?, FENG Chun’, TANG Hao-tian', ZHANG Da-shuai'"* , WANG Biao', ZHAO Hong-hua'"*

(1.State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian 116024, Liaoning., China;2.Department of
Engineering Mechanics, Dalian University of Technology, Dalian 116024, Liaoning,China;3.Key Laboratory for Mechanics
in Fluid Solid Coupling Systems, Institute of Mechanics, Chinese Academy of Sciences. Beijing 100190, China;4.The Urban
Rail Transport Branch of China Railway Engineering Bureau 8, Chengdu 610000, China)

Abstract:In order to explore the influence of delay time and blast hole spacing on the blasting crushing effect of rock
foundation pit, a two-dimensional numerical calculation model of rock mass is established based on Hutan Park Station of
Dalian Metro Line 5. By using JWL explosion model and fracture energy model of the Continuous-Discontinuous Element
Method (CDEM), the numerical simulation of blasting process of rock foundation pit was carried out, and the
comprehensive analysis is carried out through the several indexes such as the stress, vibration velocity, average
fragmentation sizes, limit fragmentation sizes, percentage of massive blocks, system fragmentation degree. The results
show that the monitoring points of the model are dominated by tensile stress failure, and the stress wave superposition effect
is better when the delay time is 35 ms. and the peak velocity of the model points is smaller. With the increase of time delay.

the blasting effect of rock gradually becomes worse. When the time delay is 25 ms, the shorter time delay is not conducive to
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the propagation and attenuation of stress wave, resulting in poor blasting effect. The peak value of vibration velocity in y
direction at the monitoring point decreases gradually with the increase of blast hole spacing, and the blasting effect of rock
gradually improves, while the excessive spacing between holes will hinder stress superposition. When the hole spacing is 6
m, the percentage of massive blocks can be effectively reduced, and the blasting fragmentation effect is the best. Compared with
changing the delay time, changing the blast hole spacing reduces the massive blocks rate by 3.2%, and the system fragmentation
degree increases by 3.8%. Therefore, changing the blast hole spacing is better than changing the delay time.
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Table 4 The values evaluation indexes of blasting

fragmentation of different time
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25 0.186 1.925 13.2 0.537
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Table 5 The values evaluation indexes of blasting

fragmentation of different hole spacing

/m /m /m /%

3 0.185 2.622 5.5 0.587
4 0.176 2.099 5.4 0.596
5 0.175 1.739 5.3 0.606
6 0.171 1.129 4.7 0.607
7 0.219 1.344 5.1 0.603

Engineering Blasting

under different hole spacing

D

16.67~18.89 m/s, 25ms 35 ms

, 35 ms
35 ms o
2) 35.50.75 ms , N
, 25 ms
3) L=5m L=6m ,
11.97~20.16 m/s, y
L ,

,2022,28(6) :15-24,41



23

6 . CDEM
L=6m L=5m
4) L=3.4.5.6m s
) L 7 m .
5)
7.9%  4.7% 3.2%, 5
6.9% 60.7% 3.8%,
(References) :
[1] . [D].

,2010.

FU T G. Basic research onapplication of hole by hole
initiation technology[ D]. Fuxin: Liaoning Technical
University, 2010.

[2] , , ,

[l +2021,27(2) :85-90.

GUO K, LEI Z, Al X, et al. Discussion on the influ-
ence of delay time on rock blasting effect.[J]. Engi-
neering Blasting,2021,27(2) :85-90.

[3] , ,

[J]. ,2012,18(3) :12-16.

SU B, GAO K S, SONG R F. Numerical simulation
of millisecond delay blasting vibration superposition.
[J]. Engineering Blasting,,2012,18(3):12-16.

[4] ;
[l ,2011,17(2) :31-33.
FU T J, GUO F. Shallow hole controlled blasting
technology for extra hard rock foundation pit.[J]. En-
gineering Blasting,2011,17(2) :31-33.

[5] ; ; ,

L1l 52017, 36 (24)

97-102.
YANG R S, DING C X, YANG G L, et al. Experi-
mental study on crack propagation characteristics of

millisecond blasting [ J ]. Journal of Vibration and

http://gcbp.cbpt.cnki.net

Shock, 2017, 36(24).:97-102.

[ 61 YAN Y F,ZHANG T,CHENG L F,et al. The Simu-
lation on millisecond blasting of submarine hard rock
using LS-DYNA dynamic analysis[ J]. Advanced Sci-
ence Letters,2013,19(6):1 567-1 571.

[ 71 CHOUDHARY S B, AGRAWAL A, ARORA R.
Stemming material and inter-row delay timing effect
on blast results in limestone mines|[ ] ]. Sadhana,
2021,46(1) . 1-12.

[8] WANG M Z,SHI X Z,ZHOU ], et al. Multi-planar
detection optimization algorithm for the interval char-
ging structure of large-diameter longhole blasting de-
sign based on rock fragmentation aspects[J]. Engi-
neering Optimization,2018,50(12) .2 177-2 191.

[9] YUAN W, LIU S G, WANG W, et al. Numerical
study on the fracturing mechanism of shock wave in-
teractions between two adjacent blast holes in deep
rock blasting[ J]. Earthquake Engineering and Engi-
neering Vibration,2019,18(4) ;735-746.

[10] , , ,

1. .2021,40
(3):566-575.
PAN B, WANG X G, XU Z Y, et al. Study on the
influence of joint angle on the dynamic response of
rock materials[J]. Journal of Rock Mechanics and
Geotechnical Engineering, 2021,40(3) :566-575.
[11] s s . JWL
0l ,2014,33(9) :107-110.
SHEN F, WANG H, YUAN J F. A simple
algorithm for determining the parameters of JWL e
quation of state [J]. Journal of Vibration and Shock,
2014,33(9) :107-110.
[12] . . - JWL
[yl , 2017, 37 (4)
585-590.
CHEN H, ZHOU H B, LIU G Z, et al. Bayesian
calibration of parameters of JWL equation of state in
cylinder test [J]. Explosion and Shock Waves, 2017,
37(4) :585-590.

[13] , ;

[J1. ,2010,30(5)
626-630.
XU H, SUN Z F, LI Q Z. Standard cylinder test data

December 2022 | Engineering Blasting| Vol.28, No.6



ENGINEERING BLASTING 2022 12 28 6
processing and uncertainty evaluation method [ J]. [20] . s
Transaction of Beijing Institute of Technology, 2010, [rl. ,2011,28(2) :45-48,71.

30(5) :626-630.

[14] . ) ,
Wilkins-Lee LJ]. ,
2016,65(10) :245-250.

WANG Y J, ZHANG S D, LI H, et al. Uncertain

Jones-

parameters of Jones-Wilkins-Lee equation of state for
explosive detonation products [ J ]. Acta Physica
Sinica, 2016,65(10) :245-250.

[15] . [DJ.

,2009.

WANG H Y. Study on blasting vibration test and nu-
merical simulation of deep foundation pit [ D ].
Wuhan: Huazhong University of Science and Technol-
ogy, 2009.

[16] , , ,

[Jl. ,2017,23(5)

1-4,21.
JIAY S, ZHONG D W, YAO Y K, et al. Numerical
analysis of protective effect of blasting reserved layer
on retaining pile[ J]. Engineering Blasting, 2017, 23
(5):1-4,21.

[17] ) ,

. ,2015,47(1) :105-118.

WANG J, LIS H, ZHANG Q B. Simulation method
of rock crack propagation based on element fracture
[J]. Chinese Journal of Theoretical and Applied Me-
chanics, 2015,47(1) :105-118.

[18] . , s . -

(1.
,2019,39(2) :110-120.

FENG C, LI S H. ZHENG B X. et al. Numerical
simulation of three dimensional bench blasting in open
pit based on continuous discontinuous element method
[J]. Explosion and Shock Waves, 2019, 39 (2):
110-120.

[19] . JJ.

,2019,48(6) :16-17.

DU W. Selection and application of millisecond
blasting time for large diameter deep hole[ J]. Indus-

trial Minerals &. Processing, 2019,48(6):16-17.

Engineering Blasting

ZHANG Z C, XIONG W, LIN M Q. Discussion on
the selection of time interval of hole by hole initiation
technology[J]. Blasting, 2011,28(2) .45-48,71.
[21] , ) ,
(1] ,2019,25(5) : 28-34.
LI H W, LEI Z, LIU W, et al. The influence of initi-
ation mode on the blasting effect of rock cylindrical
charge.[]]. Engineering Blasting,2019,25(5) :28-34.
22 ] ; ; ,
[Jl. ,2018.24(3):
7-13.
SUNJ P, LIX]J, MIU Y S, et al. Experimental a-

nalysis of the influence of initiation mode on rock

blasting crack propagation. [ J ]. Engineering
Blasting,2018,24(3) .7-13.
[23] . ; ,
Lyl ,2015,32(3)
62-69.

ZHENG B X, FENG C, SONG J Q, et al. Numerical
simulation study on the influence of explosive unit
consumption on hematite blasting fragmentation[ ] ].
Blasting, 2015,32(3) :62-69.

[24] ) s

. ,2022,28(2) :1-6.

WANG H L, GAO S, ZHANG H Y. Study on dam-
age evolution of double hole blasting in high stress
rock.[J]. Engineering Blasting,2022,28(2) ;1-6.

[25] , , ,

[y . 2020, 26 (5); 14

20,41,
ZHAO J P, CHENG B B, LU W,et al. The damage
law of rock double hole blasting under deep high
ground stress.[ J|. Engineering Blasting,2020,26(5) ;
14-20.41.

[26] ; ,

[l .2018,24(6) ;18-22.

WANG Y, XUE D W, TANG W ]J. Prediction of
rock blasting effect in open pit mine based on depth
neural network. [ J]. Engineering Blasting, 2018, 24
(6):18-22.

,2022,28(6) :25-32,57



41

JIANG A N, ZHANG Q, WU H T, et al. Stability
analysis of slope affected by blasting based on im-
proved local safety method[J]. Rock and Soil Me-
chanics, 2019, 40(S1). 511-518.

[13] . ) )

(1. . 2018,

38(03): 563-571.
MA C, ZHAN H B, YAO W M, et al. Stability and
safety criterion of a slope with weak interlayer under
blasting vibration[ J]. Explosiom and Shock Waves,
2018, 38(03): 563-571.

[14] . . .
[J].
, 2021(1): 104-113.
( 7 )
[15] , . .
[Jl. ,2021, 42

(6):1 5681 578.

JIA P,YANG Q Y.LIU D Q,et al. Physical and me-
chanical properties and microscopic fracture charac-
teristics of high temperature granite after water

cooling[ J . Geotechnical Mechanics, 2021, 42 (6):1

568-1 578.
[16] , , ,
Lyl ,2015,40(5) ;1
030-1 036.

ZHOU Z H,ZHANG Y Q,YANG A G,et al. Experi-

( 24 )
[27] ; , ,
[Jl ,2019,25(4) ;. 74-79.

CHEN Q K., ZHAO W L, GUO Z J.et al. Blasting
effect evaluation model based on fuzzy neural
network. [ J ]. Engineering Blasting, 2019, 25 (4):
74-79.

[28] , ’ ,

DEM [Jl. ,2008(3) :1-6,16.

CHEN BJ, OUYANG Z H, WANG G S, et al. Ex-

http://gcbp.cbpt.cnki.net

[15]

[16]

[17]

[29]

YAN C B, ZHANG Y C, CHEN YG, et al. Analysis
on sliding displacement of slope with muddy interca-
lation considering blasting cumulative damage effect
[J]. Hydro-Science and Engineering, 2021 (1):
104-113.
[M].
, 2006 191-201.
FAN T Y. Fracture dynamics: Principles and applica-
tions [ M ]. Beijing: Beijing Institute of Technology
Press, 2006: 191-201.
[M].
, 1985.
[M].
Chongqing: Chongqing University Press, 1985.

GAO Q. Engineering fracture mechanics

mental study on mechanical properties of dolomite

under three-dimensional dynamic-static combined
loading[ J . Journal of China Coal Society, 2015, 40
(5):1 030-1 036.

(Il (

),2012,43(7) .2 701-2 707.

ZHU J J,LI X B, GONG F Q,et al. Dynamic charac-
teristics and damage law of sandstone under impact
loading [ ] ]. Journal of Central South University

(Natural science edition) ,2012,43(7):2 701-2 707.

perimental study and discrete element method simula-
tion of explosions increase permeability of rock[]].
Blasting, 2008, 25(3): 1-6. 16.

FENG C, LI S H, LIU X Y. A combined contact
model in CDEM and its application in blasting engi-
neering[ CJ// Discrete Element Methods, Simulation
of Discontinua: Theory and Applications. London:

Queen Mary, University of London, 2010 153-158.

December 2022 | Engineering Blasting| Vol.28, No.6



