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Performance Research and Application of Carbon
Dioxide Expansion Blasting One-time Cracking Pipe
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Abstract; Single-use cracking tube is a new type of carbon dioxide expansion blasting equipment , which has the
characteristics of safety and control , convenient construction ,etc. Through theoretical calculation and hydrostatic test,
the average pressure peak value of ZWD89 series of single-use cracking tube is 53. 19 MPa,and the error is 12. 48%
from the theoretical calculation value of 47.29 MPa. The blasting energy of a single ZWD89-1500 type single-use
cracking tube is equivalent to that of 264.24 g TNT explosive by using the formula of blasting energy of compressed
gas and steam vessel. The field vibration test shows that the blasting vibration velocity peak value at 5 m in two work-
ing conditions is 2. 5032 ¢m/s,and the peak value of blasting vibration basically shows a linear attenuation trend,
which proves that the carbon dioxide expansion blasting technology is suitable for blasting engineering construction
under harsh environment. The frequency spectrum analysis shows that the main frequency of carbon dioxide expansion
blasting is mainly distributed within 50 Hz. With the increase of the number of blasting holes, the main frequency is
gradually close to the low-frequency region,which needs to be paid attention to.

Key words: carbon dioxide expansion blasting; single-use cracking tube; blasting vibration velocity; spectral
analysis
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Fig. 1 Structure diagram of single-use CO, cracking tube
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1 —RECEUBRBAEIERS
Table 1 The main models of single-use CO, cracking tube

e BB/ mm SE/mm ERK/mm C0, RER/kg WAREHE g
ZWD89 - 1000 5 89 1000 3.8 800
ZWD89 -1200 5 89 1200 4.6 1000
ZWD89 - 1500 5 89 1500 6.0 1200
ZWD108 —1200 5 108 1200 6.5 1200
2 fIhiEsE R
AR
2.1 EEE7 Cyt—smEar ()
(1) #ipitE o
Yt LB L A T s
(FPMPi s L2 AR M) (TSG R0002—2005) , %
BESEASZ2FARMEARHITHE, WK 1, ;%
P =%Rpo.z(2 —RI’{"’:)an (1) =) » [®
K :p, HERBREIEE K ), MPa; R, A&k A R FE KR

MBERE IR EET WP E TR, MPas; R, , 4
BRATRME FIRH BT B9 JE ARG B /9 F FRAE, MPa;
K NEABHIMEERRZI,

— RS E B A EE R 20494 %l
%R, B 410 MPa,R,,, B 245 MPa, f A 3% 1 W75
7| ZWD89 — 1000, ZWD89 — 1200, ZWD89 — 1500 [
{5 FE F7 % 47.29 MPa,ZWD108 — 1200 Fjid{E &
4 38.55 MPa, @it EX AT UUER, hE—KE=
SRR BB IRE ) FEBURTE M LR AN A
RrRZW, 58 RARENERKRFERITX,

(2) KM

RAK I EFE BN AT BRI ET,
HGAFEE R 2 fin, BB FEESERE
KEWEKFEPHKEEDNBRNE P, FIHBRERE
HRE TR O W B & BRI P Lt R 284k
B0, HE LR RER R BTN KRS
WA, YBREFHAKE R TGS NPLHIR
BB UsR R, BEE R AR, E RS T LA
HEBEEZHBREREKES,

KA Bk 2 B X ZWD89 - 1000 3
B AT, IE 3 ¥k, 3 WIS ) B ) 18 2 5
4 54.16 MPa.52.60 MPa.52. 83 MPa, & 3 R
— YRk B {4 SR BB R RLRA, 3 K
733 B ) (O 53. 19 MPa, 53T BERE
% 12.48%

2.2 HEBRWEESH
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Fig. 2 Schematic diagram of hydrostatic test

B3 —KEERRS
Fig. 3 The state after hydraulic fracturing
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SALBRAAZE INT B 28 %R G)IHEWNT,

Wiy = Eg/QTNT (3)
A : Wane AR Z AR SR TNT 24

E;QTNT/HQ 1 kg TNT %Eﬁﬂ%ﬂfﬂﬁﬁ%ﬁ,ﬁl 4250 kJ/kgo
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Fig. 4 Borehole arrangement
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Table 2 Test results of blasting vibration velocity
R/ MR
R we FUE = e = .
Vi/(em-s") F/He V,/(em-s7) FH/Hz V,/(em-s™) FH/Hz Vo/(em-s™)
TH1 1#ElE 5 0.3307 19.7 0.5504 28.8 0.5946 75.9 0.6679
(BEHEFL 2005 10 0.3321 4.1 0.3827 32.0 0.4329 32.0 0.5091
54 3l 15 0.3177 43.8 0.3363 31.8 0.3933 53.7 0.4099
T2 140 5, 5 1.2932 14.6 2.3308 14.6 1.2664 14.6 2.5032
(UHEFL 2400 55, 10 1.1511 14.7 1. 6756 14.7 0.7650 14.7 2.0279
134) 3HM & 15 0.5801 14.9 1.1139 18.0 0.4282 14.9 1.2211
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{a) The effect of rock fraciure (b} The state of the cracking tube after rupiure
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Fig. 6 Blasting effect
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Fig. 8 Fitting curve of blasting vibration

velocity attenuation with distance

(2) Fik& oA
2R 2 W] L, AR AR 3 AR L AT L, B T 1
£ Z 7718 3 50 Hz LA B4, HAREI RAEA 71

136
102

68 -

Amplitude/(10"em * s™)
(8
=) &=

0 60 120 180 240 300
Frequencel/Hz

(a) THL LI &5 LR Z 05 I SRE 43 A
(a) The spectrum distribution of measuring point 1

in the Z direction of working condition 1

336
252t

168 -

o
=
T

Amplitude/(10*cm « &™)

<
T

0 60 120 180 240 300
Frequence/Hz

(c) L2 5% 275 275 15 303 4 A
(c) The spectrum distribution of measuring point 2

in the Z direction of working condition 2

EHHLE 50 He LIPY, RIGFEFK TR PRERILEZ
BRI R IR SRR , — R AR KR AR
A BART KE2U R A

H—BRTLL IR, TO2 F 1
28 534 R 4 HBAREEE 710 (Z J5 1 ) B4R
el s £ $E47 FFT 28 e, BRAS 2 HBE 701,
& 9,

Xt LEIE 9 (a) (9 (b) AT WL, HLFEH [F] i 1 ) 1
FLECEIE N, T 5Bl A X e , ELAE A
EmES . BT BEAAYE B RAREERMK
(20 Hz LIPY) , BARX PP St Tl 38 I AP A
A, B BRI BURECE

Xt 9(b) (9 () 9 (d) AT I, il & B 25 B
i, SRR G5 MR WL B AR A, AR B B X AR Ry
AR,

640
480
320

160

Amplitude/(107cm « s7)
o

0 60 120 180 240 300
Frequence/Hz
(b) TL8 29 5 175 Z )y 1) 431 43 A
(b) The spectrum distribution of measuring point 1

in the Z direction of working condition 2

(98]
(98]
=)}

252

168 |

Amplitude/(107cm » s
®
~

i

=]

0 60 120 180 240 300
Frequence/Hz
(dy B8 2 55 37E Z 07 ISR 43 A5
(d) The spectrum distribution of measuring point 3

in the Z direction of working condition 2

B9 HEamE

Fig. 9 The frequency spectrum distribution

4 it

L b REIEBT
(1)89 R — WM B RE B I8 (H Ik )

47.29 MPa,108 RF|— XK HEHHNEHHEILWEEE S
7 38.55 MPa, I&{H Ik ) E BB TS LB MK
SMRZIL, 5SS AREBEMERFHELEL,
KRS B — K RS L E S 1% E N



B39E H2MW KOTEHRE AR —EABRPKRE RSB ERENES LA 139
53.19 MPa, 5HSITBEIRE N 12.48%, 13.

Q) RAEFSES KBS ERBERMEEBEREAR
HHEER B H ZWDS9 - 1500 IS 3 IRt fe B4
YT 264.24 g TNT YERIEF=AEBER

(3) BRI S RE B HAIRBES m
A R S (E B KR 2. 5032 em/s, BARREIR S
W B AR R IR WA S, IE I — S AR ik
AR TE A TR 2305 T R TR T,

(4) ZEALBR AR RE F AR F A8 50 Hz AP,
WE & B FL B I I, AR 1 AT X IBEE R, 7
B EE R ; F— KR A A R HE B A S A A
AR K,

%% 30k ( References)

(1] B8 M. 48&M A4, % FEABREHHEAIM].
R R E LR AL, 2012.

(2] SER RS, F,%5 —RKEZEARBRS
R ZIEA R A [T]. T EHEE,2019,36(6) :
246-250.

[2] HU Jun-ke,XU Kun-hong,ZHAO Chun,et al. Finite ele-
ment analysis on the grooved body of one-off carbon diox-
ide fracturing device on ANSYS Workbench[ J]. Comput-
er Simulation,2019,36(6) :246-250. (in Chinese)

(3] & W& B.F %% _SLREKEsEs
BNEHELEARPFRELT]. B5E,2021,38(2) :153-
159.

[3] MEI Bi, GAO Xing, FANG Ying, et al. Study on a new
type of fracturing tube and safety technology of carbon di-
oxide expansion blasting[ J]. Blasting,2021,38(2) :153-
159. (in Chinese)

(4] & F,%R%8,XRE, % 8B KEBRAR
BRMERRILI]. R HAR,2021,21(1) :116-120.

[4] ZHU Kuan,XU Tian-fu,LIU Bao-yang, et al. Study on the
factors affecting the unsynchronization of carbon dioxide
expansion blasting[ J ]. Mining Technique,2021,21 (1)
116-120. (in Chinese)

[5] % B ¥ REW% BSCO, BERGHEE
ARSI F R FE[T]. B5E,2018,35(4) : 108-
115.

[5] GUO Yong,KE Bo, WU Zhu-ming, et al. Thermodynamic
properties of liquid carbon dioxide blasting system in
process of phase transformation [ J]. Blasting, 2018,
35(4) :108-115. (in Chinese)

(6] RARF AT B, ZBMK, % BE CO, BEREE S
AN R R IERE R AT [ T]. JRAK,2017,34(3) . 7-

(6]

(7]

(7]

(8]

(8]

(9]

(9]

(10]

(10]

(11]

(11]

(12]

(12]

ZHOU Ke-ping ,KE Bo,LI Jie-lin,et al. Pressure dynamic
response and explosion energy of liquid carbon dioxide
blasting system[ J]. Blasting,2017,34(3) :7-13. (in Chi-
nese )
R, F R, AU EEBRS CO, MEHRER
WERERERFRL]]. PEEZ2M%%H, 2021,
31(4) :57-63.
JIA Jing-zhang, LI Bin, WANG Dong-ming. Study on in-
fluencing factors of crack radius range of liquid CO, phase
transition in coal seam[ J]. China Safety Science Journal ,
2021,31(4) :57-63. (in Chinese)
BHRH, ERE, HEIL, % 8BS Co, HERRK
TNT Y4 BH5E[T]. PEEZ LR %#R,2014,24(11)
84-88.
DONG qing-xiang, WANG Zhao-feng, HAN Ya-bei, et al.
TNT equivalent study on phase transition cracking of lig-
uid CO, [ J]. China Safety Science Journal, 2014,
24(11) :84-88. (in Chinese)
AL, R & S CO, UBRBA TR WM AR
BBFFE[1]. B TAR,2021(1) :104-108.
YANG You-jiang,ZHU Xi. Experimental study on vibra-
tion attenuation law of liquid CO, gas blasting rock[ J].
Subgrade Engineering,2021(1) ;:104-108. (in Chinese)
H #2085, 5G4 BE TRV K Co, B
S5 Buh Rk ERERRRI]. 560
25 T2 3K. htps: / doi. org/10. 13722/j. cnki.
jrme. 2020. 1183.

XIA Xiang,LI Hai-bo, WANG Xiao-wei, et al. Experi-
mental study on surface vibration propagation law of CO,
cracking and explosive blasting in nuclear power engi-
neering[ J]. Chinese Journal of Rock Mechanics and En-
gineering. hitps: // doi. org/10. 13722/j. cnki. jrme.
2020.1183. (in Chinese)

X6, E8R, RRE. BHBER3I K CO, B
WIANESH/DBEEITT]. EF % 4,2018,49(9)
233-237.

LIU Guang-hui, WANG Hai-liang, WU Qin-xin. Shaft
blasting vibration and CO, fracturing vibration signals by
wavelet packet analysis[ J]. Safety in Coal Mines,2018,
49(9) :233-237. (in Chinese)

B ERNE, 2K, . /TS CO, BARRHR
WERTSRAR L T]. JBRE, 2017 ,34(4) :137-142.

KE Bo,ZHOU Ke-ping, LI Jie-lin, et al. Time-frequency
analysis of seismic wave for liquid CO, blasting system

[J]. Blasting,2017,34(4) :137-142. (in Chinese)

BXHH/ L R



