FA2E 1M ok Vol.42 No. 1
2025 43 A BLASTING Mar. 2025

doi;10.3963/j. issn. 1001 —487X.2025.01.018

EFREMENETHBEEARTR
ORVIEKTARELETR R B

(1. S BT 22 50 TRR2ERE , S FH 550003 ;2. FET I K22 (JLET) a. 225+ K TFE2EEE
b. [ IE T AR S B 15 5 8 BE d 95 4 [ F 030 28, b 5t 100083 53, S e s 48 T AR A BRZN w1, 57 FH 550000)

W OE: MAEREHANWIHRLRE BAREHREFTFNFEFDANLD, RAMEREE T ZEAFH A
YE Ak % Oy ik R A R S HUEE R W A AR KA R A AR, it — A R AR AR s A S
ke TAZIG B E R AR, TR T iR BAE AL R A I B MK, oA R SIS IR B 1% T AL R R R4
ST E N RS 2 RH0REE A Rk B AR AR E ., MARBEEREY R AR E
Tk R AR B ARG AR P B A AR R A BRI AT 3 m6 m Ae 10 m A&
0 F AL FE JE S H 3.04 em/s 1.24 em/s F2 0. 62 em/s, s RoF 2 63K 30 W) A 0 Ak AL Sh AL A
PRI FME AT RIF AR, W e AE A S A AR RSB L R IBRENEL, AAHERAA
EAMK,HOAFRBOKABEMREM S, REASZTEEHAIA, B0 L EH AR, SHRILIREA
tEEeAE T ik BAEGRIE S iR B A R F D R ERR AT RS B AE TR AR — AR

F oG R AR
EEE: REMER; BB Bk, AR E
hESES: TD235.3 SCERFBRIEAS . A NEHRS: 1001 -487X(2025)01 -0151 -08

Research on Rock Fracturing Technology based
on Liquid Oxygen Energy Storage

LEI Zhen' ,WANG Yan-bing’*" ,FU Dai-rui’* ,HUANG Zhe-hang™ ,ZHANG Chen’
(1. Institute of Mining Engineering , Guizhou University of Technology , Guiyang 550003 , China ;
2. a. School of Mechanics and Civil Engineering;b. State Key Laboratory for Tunnel Engineering,
China University of Mining and Technology ( Beijing) , Beijing 100083, China ;3. Guizhou Jinjian
Construction Engineering Company Limited , Guiyang 550000, China)

Abstract;  As rock-breaking technology advances , the limitations of traditional explosive methods are increasingly
evident. The liquid oxygen energy storage method, a new non-explosive technique, presents an uncertain blasting
mechanism and scientific challenges that must be addressed. Field vibration tests were conducted to analyze the vari-
ation trends and the decay characteristics of peak vibration velocities in particles to further characterize the liquid ox-
ygen energy storage rock-breaking blasts and address the challenges of applying empirical methods on-site. Addition-

ally, indoor small-scale blasting experiments were performed to identify key parameters for small liquid oxygen char-
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ges. The experimental results reveal that the liquid oxygen energy storage effectively fractures rocks while maintaining

low dust and noise levels. Peak particle vibration velocities at 3 m,6 m,and 10 m under single blast conditions were

3.04,1.24 ,and 0. 62 cm/s,respectively. The small-scale charge tests reveal that for the liquid oxygen charge to det-

onate successfully and effectively fracture the rock, appropriate inflation time and pressure are required to prevent

detonation and other issues. Increased inflation time and pressure lead to more significant adsorption of liquid oxygen

by the charge’s absorbent, facilitating saturation and enhancing detonation probability. Overall, the liquid oxygen en-

ergy storage method stands out due to its low vibration, environmental friendliness , and non-polluting nature , marking

a significant potential advancement in engineering blasting.

Key words:;

KA LAK , FE LR Bt R SO 7= B IR
TGN 25 T 12 DR HG vo 28 EL IS AR B A e o, 0
JZ AT AR A E RS A R T
Beo XI5 AR T HE 2 1) R K e R Vs il A 72
B A, ARV E R o, AR 3% . AR, 5
TR A 185 BRI A7 B4 A S B o ) 2o it P
KITEL ML, LGN LCE TR AR AR R, 2™
P TR EL R A Bl R g2 S T e T
T B4 A SR R R el G 3 A [ R B B4 o
G, KL HRREI I 23 72 A K e (g W Ay 2R L
FRA AR SOOI T i T 3
BET5 0 i o0 NI GEERE A VA Bl o R, RS
T GEXE SRR BAT o O AR B A A 3, (5
S R B BRI R R ) o A 7] 240

RT3k B ) A9F SN GRS TR R BT B
DT T et S8 i A O D e 2 Al e 7 25
FEHELR AR . AR 5 A P A
BGOSR R 18] B A O RS M= AR R
AR 2 D 0 S e TR R 1 2 I
PO, A K R AR R B A g A A
T E R, e R, 5L
ML, X BEARKE 25 T iR FEAR R E i /b 1 %
e i e rp ™ A SR ZUAIR Sl e FIRS 2425 e , DT sk
/N T FEI RS R TN B3 A0 B TR S o (LD LR
AR it TR AR v A I A LA 2R
R (] i TS 52 B ER . WA R e
TR —Fh A W e A e T ik, 5 AR g
RS AL , Ha oo WA 7 £ ) DR vy R AR
S — i SR F) A PR A i A, B R AN A g
A E AR A B BRI s D R e A A5 e
AR TSI ENCE I E . (B HED TR
il RERICA T3 VA BIWT T 10 Ak T4 28 B B, AUA B9 B
TR S 2 B2 B PR A TR T
N TR E RGN

H1 TR RERC B LB A B, 75 )5 B
AU R ST, A S G B AU RE RN A 2P

liquid oxygen energy storage; rock fragmentation; blasting vibration; gas rock breaking

ARSI, S5 5 A /N RS A 25 B AR AT FE AT
G, AT IR ARG SR LI, B 5T S8 U TR A58 U
DAL KRR SN AN R TR P S S 1 o
1 REMESABERAR

AN RE A O B E — P 20 A AR K 2
TR B TR AR A K S R E R A
B EREAE R LE K A SRR
(EPEINARREN ) S O NN TR 7/ S T N )
PRENEE R/ BEA S R GO AR S K
£ A TR EE

AR BE A BB PR A A0 2 i T AL FLRE
SACAS FIR SR TN 2 60 52 B - BRI 5 A, AT
SIS A H A o, A FUREJH Tz i A Bt
AT R A R IR AT FURE , X P v A G
s, A HC AT DA IR TRV RS 1 58 AR R M2 6 R
e 246 S o P T AL A I R A SR A SRS
TR R SR B AT | SRS B U SR
ek 246 A s T T RE B8 HE U A GO AR ik
S FEL Sk

AN RE A A1 BERF LR I, M HTAT FURE A
AL AR IR R ) T B SR 28 0 I, I A £
Sy TR AR A, IR T Y SR A 25 6 R
WL AL T5 B AT . A L SRR IO
U5 2500 N G TR G I o A F IR
PR B TR, WA U s RN,
AR A W) B AR A5 B A RS, BRI Bk 2
800 £, I S HRLE A L) — AL B IR &, TEMLFL A 1Y
A7 RS TR] N 7 H R vep i f JR ARHR B UAR, Rl
FL B 2R AT S0 B 228 W e L] PR X o 7
AR TS, X — g R AR A AU TR T
JEJT M FLBELR 7 AT A6 28R , ML A Al ik
WU R EY T, A S IUA TSR

2 RS S LA XL
2.1 TEERERE R AR

SRR TR T oA TR TR AU, M



a2t 1 HOUR, B AHUAE A ST AR RE R A A R RIS 153

FikesE , BA B EH . AV IS A AL 2R
WE 037 DIMACIR 7R R T RS T EEAE AR A I
JE(Z) -182.96C) N A RBIAFF I SRE, EA T I
ASTRIRRL , T — PR 09 A A FE R R E R
R AT TG S 7, I 2 PR, YR SR e A T =X mT LA
T A R Y R e R IR A AR IR S A W
AU RE RN A S 0 o) 7 PR 0 7 ) B — AN K 1Y)
IRAAURA R, Hh AR A 248, Dl
W MAC TR IR A8 i I A o 1 — 2R A b ik
2.2 fREI KD

150 Tl A 25 UL AR A 7 R i 351 4 B 4R
BT 2l W B 2 s o LT m A= K £ o 2
RHE BN B AL AR i 1, 3 i 50 D) g 1 5 4R i
FEEA UL IR . R, P& f 4k S e i A
I |k e U A B K B PR R AR, Tl KE 25
DURSAS ARG B il 45 T 2. s ] {8 R A vl
T T A R AR A AN T T, B R B Tl
YEZS SR =T BB 2 B KE 25 AL A KEZY |
2.3 ®WEHE

TESLE WA S R T, KEZG BRI 2 — A e Y
AN, [RIEEAEJ FL P A i 0 1 248 R A 1 8 T
SR AERREN p RN I e F R AR AR S R
IR R R X AREBNIX

TR BRI 7 W2 T 8 R AU E S 3R )
PR 7 2, TR S G IR T, AR
b, SR TR K 800 1%, 5 W R R A il 1Y
i A SRR G, T [FIAE AL R U Ik T
GAEMAE T RS P G N BE R AT , &
LY R T, AR R e DR 2 B B R X,
MR B E BB

R ) XoF LUV SR R 5 IR e M 2R, ANHE
B AR A B U0 2 5 AR G E 2k
it AR e R AR 254 B AR Y R R IR
AN IrE IR LT 27 a2y N T 27N NE s Y S P ]
TR St B e DU A1) P AR 1) B T o i R D PE
H VRSN AT , A AR, Ak,
TR E SRR o e B T N 23 7 AR B B R A b U
TE—E A LR TR e At R FHRICR , [A] B R
R IR BN Y f6 5 o
3 BEEEEETRIAE
3.1 HFEMREAR

AR T 155 3 b Ry 5 P A8 i e 8 b A T
PR TR R G B EFHIZ R, A4 7 5L B Ol
A B T 48 ML TR A e A 1l , B A

BSHUMT AL 90 mm M FLIESE 6.2 m, i
A2 3.6 m, BFERKE 2.6 m, HEHE 2 m, [H]#E
2.5 m, it 4 HE, anEl 1

K1 Bl B il
Fig. 1  On site layout

7T FE W R B S R v, AT 2 AT e
PR A0 BT A5 1 B PR RE LA S A A 45, X
S PR 2% T R T P U A 7 R 8 SR P S 7 2
SO, SRy T R 3 B R RN IR 37 ) 5
AW AN BE e T L ML T 2D SR A T

1) AL NI R Ge . iR B L B R/
TR NS 98 i3 B B AL NI R G i . 25
B ERFLEI AR /N 15 mm F 20 mm, DABIAE
IR RERE IR A B Lo 2 U 1) LN AR R
G AL B ORI TE R B B L, R R
g 2s VR R IE IR B . L4 58 UR , A 7 T E A 5
B HERE RSO S8 R TR PR IR A A 3] L
F, [F bR IC LA Ik AR . 7L R 4R
RS PGS i IR B IR R S )
WURLREJE , B b o g AT L2E , Wl ORI AR
R4f

2) R o HHAE S U, % T SR
ARG, K A A R A B, TR . A
HLMOR R GE . AR RIEL R, TR RS
ISR o BRI A AH DG4 3k T L IR AT [ 7, 191 B U
HIE ., kAL RS, AR RGN
A A R R R I R AR, DU i B
e RiE kg IR . B IR A RS LA B,
FITFRABEALAL Y 1 171 0T J3 il R Fe e 58, TR W
SEURERE , TR PRV 4L, F 22 I 8] FL3 124 20 ~ 30 min,
5, BEE BRI HE BRI, B IR A o N
PR R X, NG R LR, 5
VEHL KB A i AT 8, At UK AR 2 A T R
(A
3.2 HEMBEHEER

&1 2 Je7 i) 2 WA i RE B I i e R, , 3R
VL S TR RE SR R R TR 5 A0 v 4k



154 W

2025 4E3 H

RO AR AN S 2 (a) JE/R T VR M AT B
YE RS, BT T 4 kA1 T8 R 90 4 FE SRS 75 (9 A
Jey AKX — i B R RC AR B R S i e
P2 AL B2 N o T 2 (b) DU i
BT ARG A A PR 5, R ] LA
TSR AN, 5 30 W 25 1030 5% B9 A 1) D
PRI B A [R] I DI 558 22 J M 25 35 e 7 A o
2(c) I 2(d) Bern TR R A IR A5 B 22

(a) HRBBCHT

(b) K
(a) Before blasting (b) During blasting

AR, BEAT I 23 T ) A7 2204 IR /N T At
P e 2 THT ) A U DA D A7 8 A 82 A e 8, AR
RBAAR B AE S, XA R A T B B LT 42
RGP BEARAE 08D T A M e B R ] AR, 5 i )
N, BEASFRBI F Hh 4 A F R AR Tl 7 AR OK
SR GER T 25 B R TT 1 AH LU , IS il RE R 1
TEPMF O AP A T2 207 R B 1 B

(d) J# s IEHL

(d) Front view after blasting

(OF 23R 01E

(c) Side view after blasting

K2 AR BEA A BB R K

Fig. 2 Schematic diagram of rock throwing effect in liquid oxygen blasting
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Fig. 3 Layout of measurement points for

blasting vibration meters( unit;m)
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Fig. 4 Vibration velocity curves of liquid oxygen explosion at different positions
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Table 1 Test parameters for small-scale

liquid oxygen charge blasting
B SRR/ FEAME, RS/

i mm cm min MPa
1 15 6 1.5
2 15 6 1.7
3 15 10 6 2.0
4 15 8 1.5
5 15 7 8 1.7
6 15 10 8 2.0
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Fig. 6 The production process of small-sized medicine packages
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