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Progress and trends in non-tool rock breaking theory and technology
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Abstract: With the gradual implementation of China’s deep-earth engineering strategy, deep resource extraction and un-
derground space construction have brought in some new opportunities, but they also face many challenges, with extreme
geological conditions such as high geopathic stresses, high ground temperatures and hard rock bodies popping up all the
time. Rock breaking technology is the main engineering activity for all resource extraction and underground space con-
struction, and it is the main factor determining the construction process and engineering efficiency. Under extreme geolo-
gical conditions, tool-based rock breaking technology has become a key technical bottleneck to affect the smooth imple-

mentation of deep-earth engineering strategy due to fast tool wear and low rock breaking efficiency. In order to solve the
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problem of high-efficiency rock breaking in deep-earth and to guarantee the smooth implementation of deep-earth engin-
eering strategy, there is an urgent need for a revolutionary rock breaking technology. As an important supplement to the
tool-based breaking technology, the non-tool rock breaking technology is a feasible solution to break through the bottle-
neck of the tool-based breaking technology. To this end, the non-tool rock breaking technology is summarized into three
types of technological systems, namely, impact rock breaking, thermal stress rock breaking and erosion and abrasion rock
breaking. Sixteen types of rock breaking technologies, such as water jets, lasers and abrasive air jets, etc., are systematic-
ally analyzed. Also, the history of the development of each technology and their technical principles are summarized, and
the advantages of the rock breaking and the technological bottlenecks are analyzed. It is concluded that the main reasons
why the current non-tool rock-breaking technologies are not widely used in resource extraction and underground space
construction are high energy consumption, poor adoptability and complex technical equipment. Compared with tool-based
breaking, non-tool breaking technology has a lower energy utilization rate for breaking rock. The specific energy con-
sumption of water jet breaking is 40—70 times that of a tool breaking. Microwave, laser and plasma technologies require
high-standard operation environment and cannot be applied in drilling, tunneling and other restricted and harsh environ-
ments. In order to solve the problem of rock breaking in extreme geological conditions, the idea of synergistic rock break-
ing by multiple non-tool rock breaking technologies is proposed, giving full play to the technological advantages of each
non-tool rock breaking technology. The rock breaking concept of unloading high geo-stress by jet slit and breaking hard
rock by particle impact volume is constructed to minimize the energy consumption of rock breaking, simplify the system

equipment, and provide a theoretical support for the development of non-tool rock breaking technology.
Key words: rock breaking; non-tool breaking; tool breaking; hard rock breaking; deep earth space
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Fig.l Water jet rock breaking system!™”!
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Fig.2 Quasi-static rock-breaking theory [60]
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Fig.3 Effect of high-pressure water jet breaking rock®¥
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Fig.5 Pressurized pulsed water jet system '
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Fig.6 Pulsed water jet rock breaking mechanism
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Fig.7 Pulsed water jet impact on granite
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Fig.8 Mechanism of rock breaking by cavitation water jet
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Fig.9 Cavitation water jet breaking system!'”
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Fig.19 High pressure gas expansion and breaking systems
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Fig.24 Microwave rock breaking effect®™
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Fig.26 Mechanism of laser rock breaking action®
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Fig.41 Pre-mixed abrasive water jet rock breaking system
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Fig.42 Abrasive water jet rock breaking effect!

IR RA B A R0, (A S PR
oA TR BARET 2N bR TR Sy
SIPELR IR RIAT, PR X 15 A PR A0 o e FIR A LR FH 114
B JUHARTRK LI, R A ) B ZE W,
1111 HL A TR E B B N IS AT IR, Xl HEHR R,
JEHRIKIE | VIS S 25 B S AR L

gi BRIk, M HCR IR A R S, AR PR
KSR B A T R, BE R AR TR, i
7o AEETIRAAERK SR BRI B TR R BRI T
SRATTI 2 A P AR AR B DA A T B R A i 2 2
SIPEE IR AR . R, FEANR R SR R
AR B T i R RS E b 4, I B s B R Sl BE A

279]



816 # %

F #®

2024 4F5 49 45

B AR SE I RTR A BE RS A 78 TR B 5T SRk vh
DT N R DG

AR PRl K S O A B Tl 7K S L R A b o S
i) o R BE T, DK ATE RE A, BRI R 4
FEJ7 o AR RL TS [, 38 R o A 3 m, HLE
T B, Wb T . R — DR TR
B A ORI AT S S B R KA ) 3 R S
3.2 BRiFERDKERE AR A

ik B R K S It TR R K SR Y R, S i
— 2P S R ERL K SRR 5 BB D T A — S
AP P e B 2R 2L B 1 bk R K S,
¥ Helmhotz 2 17 B 3 Dk i s g 7= A= 15 R 3 ik
BRI SR P, AR B P A R B R p
AT, 0 7K AN 5 P A e o 3 A e [ %o A
PR ROR, AT — A T A RCRPS, RN
& 43 PR

AH LG TR IR AL, K i B Ak A S Ui BB 8% 7 A 3¢
KRR J7, 594K BN o B 5 59 3 R 7 9 [R) B
Houi 1 AR AR I ROR, A RCR T o B
B4 TR REAE AN R T B i Ak S U T AR S
TXTEE R RS I R . AH TS, ke
SR ER K AT - SR I RO R, th AR K
JEFEr o AR BENS AR IUBE I 5 e, 8 ph T s s i) ¢

gy ok MESS FERES

[ - — - .

T @

e e e

S KRR

oL L)

P43 kiR a s pLEE
Fig.43 Pulsed jet rock breaking mechanism
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Fig.44 Pre-mixed pulsed abrasive water jet system units
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Fig.46 Abrasive air jet rock breaking systems
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Fig.47 Abrasive air jet fixed point erosion of granite
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moving conditions
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