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Application of Liquid-Oxygen Phase Change Gas
Expansion Technology in Tunnel Excavation

FANG Ying ,LI Guo-liang ,ZHU Zhen-hai ,LIU Jie ,KONG Yu-xia
( Guangdong Hongkai Gas Energy Technology Co. ,Ltd. ,Shenzhen 518000, China)

Abstract; This study aims to address the challenge of rapid tunnel excavation without the use of explosive. A
new oxygen expansion rock breaking technology suitable for general tunnel excavation such as cutting, expanding,
auxiliary and peripheral holes is explored, researched, and summarized. The drilling and blasting parameters opti-
mized for tunnel excavation are also provided in detail. The experimental study section consists of granite with a com-
pressive strength ranging from 90 to 100 MPa, developed cleavage cracks,and average blastability. Through field tests
and continuous improvement, an average cycle footage of 2.5 m per two-day cycle is achieved for a tunnel area of ap-
proximately 65 m® , meeting the requirements for rapid excavation when explosives cannot be used. The research dem-
onstrates that the new gas expansion rock-breaking technology can effectively excavate tunnels in hard rock masses.
It offers advantages such as safe operation, high efficiency in rock breaking,no involvement with civil explosives or
dangerous chemicals used in explosive production, absence of explosion shock waves and low vibration amplitude.
This technology provides a solution to situations where civil explosives are prohibited due to complex environmental

conditions or slow progress using mechanical methods.
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Fig. 1 Schematic diagram of plane

distribution of holes in cut area( unit:mm)

O AL hofL—HE, 4 ML, LK
3.50 m, ML 5 BT RO AT R R 150,

QWNHERHL : NHERHLA, F AL, 22445
1HE, BHHE 4 AL 3P T2k, FLE 3.50 m, 4y
FL55 BE ] W7 TED %) 7K P £ R 60° ) R 15°,

QIMHERHL : AMHERHLAL F N HERHLAMIL 2 HE
L8 ANMEAL, XTFR T2, FLIK 3. 10 m ML 5 R%
] BT B 7K~ ol 75° 1 R 150,

OYNE 2N I EE i LA DR E=
R TEFUL AL LA B 4 AR AL, 2 HE, B
HE2 A 8 FR T AL, 5N HERHL o A4 R A
B2k 0. 85m, FLEK 2.0 m, JffL ) T )
15°,

(3) FLEE HERE & 11« L R R HC 10 £ 0 fL B
2, B1°0.90 m, HE#E 5 LEEAHIA], 247 0.90 m,

(4) $E Rl X A R B O AL 5.9 x2.7 =
15.9 m*, JEEIPHFH 4.3 x2.7 =11.6 m”, i X {AFH
F27.6%x3/2=41.4m’,

(5) B e SRR

BT P B A K B B 5 e s P T PR 2%
— BRI ER EA/NT 1 m, R EMALKE W
55% ~70% WIS N, SCPRIUE LR 1,

x1 HENEHNESHEERE—R
Table 1 Values of cutting rock-breaking cracking pipe and blocking length

Sl fL A LR/ EILKE/m HERERKE/m HERKE/m ARSE/L
WHERHL o 8 3.5 2.2 1.3 70. 4
HMHERIAL b 8 3.1 1.8 1.3 57.6

AL e 4 3.5 2.2 1.3 35.2

sl d 4 2.0 1.0 1.0 16.0

&t 24 179.2

T RAE SR AR AL RS R R A SR AL
BE A0 JE R BORAE ANV R T RUZ S5

M TIELL A K, B LA, 38 JE 0 SR 3 B 1
I, HBEIRALICRDIEREASAL , WE T I FH AT 2y ol 3
FEALIE, B IR

(6) LIt

SRR BRI BRI . AT H
KGR SME D 80 mm (JEFLELAE 90 mm) , i
PERERBINS. 0 L/m, il TEERAE h # e de i ol
BRI B, AR U B e, B TE A 80% Y4,
I, B KRRV T ATEA B A 20 4 L( £
BHD . AR R R 1 PR, A aia 8
FTREN179.2 L,

(7) B R BT

AL [0 5 DAy R IR L, B AL T 2 A B

Fr, — 3 T 48 AN HLBH A, il 2 A R A Y UK RE
T30 BAERAE TR 2 AR BLAR A BRI U

(8) R A ROR

HAJ5 24 ML AR, 5 A I n] DL IR
2.1 m FERTEEL 4.3 m, 3.5 m, fHEXH
2.1 m G B N A A BRI SR B AR 4 20
ZRI, T A H R R4 1.0 m IR
FR A BT T Ok, U™ A T ORI S S iR 4E . th
TR T B E T R B A MRS NI, B A R
CRHERR IR E, ST E AR A A 1] S HE RS T
0.5 m $MRERSEA e A9 S SR 2 8 3 s

M FLIREE 3.0 m 3155, S8 5 70% ;
FEBOTHHERERE 2.5 m I SR )3 84% o



BALE A2

Ui EE R RIRIE, S RS AR K BORTERE I T2 P ) RIS 235

B2 SRR e AR AT A S5 I (e e )
Fig. 2 The real scene before rock cutting and blasting

(the white one is the inflatable tube)
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Fig. 3 Real scene after cutting and breaking rock
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Fig. 4 Schematic diagram of plane distribution of

auxiliary rock-breaking holes (unit; mm)
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