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Abstract: In this paper, theoretical analysis and laboratory tests were performed on the thermal-me-
chanical composite rock breaking method to verify its feasibility. Thermal analysis was conducted on the
rock finite element model by means of transient heat transfer to evaluate the effect of heating power on
rock breaking. And then, simulated drilling tests and comparison tests were carried out by using the self-
made drilling bits and test benches to verify the feasibility and rock breaking velocity increasing capacity of
the thermal-mechanical composite rock breaking method. Based on the theoretical analysis, the penetration
rate contributed by the heat of combustion was 18. 0 m/h if thermal-stress rock cracking due to the heat
was not taken into consideration. Based on simulation tests, the average penetration rate in granites was
24.5 m/h. And in the process of drilling, the aggregation state of rock compositions around the borehole
was changed under high temperature, and consequently a ceramic layer of 1. 8 mm thick was formed. And
in the same test conditions, the penetration rate obtained by the thermal-mechanical composite rock break-
ing method was 8. 3 times the conventional one. It was shown that brittle failure occurred on the rocks
with lower coefficient of heat conductivity, tensile strength and shear strength under the effect of heat im-
pact caused by heat of combustion, and the compressive strength dropped. And by virtue of the thermal-
mechanical composite rock breaking method, drilling efficiency was increased significantly.

Key words: heat of combustion; mechanical rock breaking; thermal conductivity; compressive strength; ten-
sile strength; penetration rate; simulation test

H 20 HELRIHER A BRI A B Sl ORI BE B 0T A5 B Al T B O R
Bl AR — B LA, B3 SRR 2 UG 6 B BB A 25 B i S B f AR
FLRBAG W I . AR BRI S CERCE AL B H AT IR FUR XX SR S B R AT T R
DAAR R I RN AR A T A< S HbR, FAME WA S 5%, Tolk vl 47 A Rf i2F — 25 56 iF
RT— BB i =, 4 2 K0 DR o N
BFHOR SRR T LA 5 BB A . (4 TR, 1 1967 e A (102009 250 T K
ARSI R SOP R JE TR T R R R e
H OB REL S A 2) AR T 1 O A HLBE, $ joan8963(@ 126, com,

EE&WE: FB oL E R A maT0s R A A EEE R R

TRl B R ARG A T AR L T v AR R R THBH R (%% . JP13051) % ),




+ 30 - 2 bz} 4h

® i R 2016 41 A

W I B R e 0 AN DR i v » LR T L 3t
J2 52 i WA A I BT R X JBE R L T R AR g g 1)
IR A AT TSR B A TR LA i RO Al
M2 AOHUBRCR, 3 . D it s MR e TR A SR R
(52 SEF AR I TR A BE 5 ML RESS & 1 25
BHEETTE— AR IARE-MUMBE E S BCA T 1k OF
ER IS 2 PRI P T TR UE 1 RT3 P A
HIREAEST

1 JABEARE-MLAKAE S & A i PR

EAWFFIERY e SRR R A &
W A5 SORL i T B Ik RO TR S A R AR
FERAIE . iR e A ST RS . A R A%
Tl ) LA 2 2 1 I A 114 AV I 2R SRt B2 T
Kt AR . SO Y)ORL 2 8] 7 AR A5 AR R
(152 26 » AE I /N 32 A BT A B2 3 7 A AR
J1o AEFARLTT PRI + & 8] B 45 9 e i 405 5 i ik
5y TR T AR S ) R ) e SR T AL S
s IR FEARSETT = 5 b ) B 45 ) A A A L oL
PR A TR A ) OR =2 1B] B RG 285 ) ARG S A
) ARAK . B e Ul A I ) S A P A7 7E 110
R 2 BN TR AR K A AR AL R N R i
A TR TN A TR » B 2R A 3 AT 0 L I
PR LR A VR 22 SR 8] e AR R, 3
BRC19 - 21 EM S BT =R — IR R B A /Y
Ty PR 2 R U A AT T 5 B L SR R
AR | LA A5 R I R T v T 2 A
WL J M R Sk 4 v i EE DT 447 25 DT HIARG S B2 o 47 D1
FBNE i B R o » AT IS BIAR G BBBE e 8CR

IABGEABE-NURBER B 7 ik BB e A i B
TR AR FH AU DT A SRS VR R R
SR RVEE R AL IS SR B AR AR IRl Sk
PURA e fHARGE  HRBE I 23 11 A WU o % s
TSk N 7 A A SR B AR L 28 0 2R R Rtk 455
SiR BE DT RS AT T VISR B A1 R
R B I FORE IR S s . XA
T A BTl IV Sk BB SR S A i

2 JRGEIABER S Bl AU T
WABE B0 1 SO0 2 BE LU A S A D R

3 F J5 ABEAT A% 1 FHIA BRI BT 811 ANSYS
XA IARE AT Bl HE R L AT 1AL

HCE AR 900. 0 mm. {5 500. 0 mm [ B S
RN G . WA A RTREN 2.28 W/ (m - K, Ik
AR 800 T/ (kg « O MARMEEFE R 3. 0X10° kg/m’,
WREPIIR A D HUZ WA TR B 80 °C
2) 2R Tm AL T2 SO A R A . H A Ak
A,

W2 ST R LTS RY 2 BN Ak 3 2, N2 B3R
TASEADL G Sk A5 IX, A% 50. 0 mimj Hh 2 A8 305 4
X35k, HA%E 60. 0 mm, T 5 LE A BRI s SN2 A
ARG, EHAE 900. 0 mm, £ R IGHL R ] 4% J) 43R
VG T 00 3 A T S B T G A s e A A
RO DR S TR AR A 5. A S AR
AU A& ] 532450, Jal 43 00 I A Al 1 R

B1 SA=%#FRITENRK Mg
Fig. 1 3D finite element model and grid division
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Fig.2 Cloud chart of temperature field after 30 s
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Fig. 3 Sketch of radial and vertical sampling points at the surface
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Fig. 4 Heating curves of 8 radial points at the surface
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Fig. 5 Heating curves of 8 vertical points at the surface
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Fig. 6 Testing device for thermal-mechanical com-

posite rock breaking
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Table 1 Results of thermal-mechanical composite rock-break-

ing tests
HEEP S bR/ (em « 571 FEZEE/mm

1 0.71 1.5
2 0. 69 1.7
3 0. 67 2.0
4 0. 68 1.8
5 0. 66 2.1
6 0. 70 1.7
7 0. 70 1.6
8 0.68 1.9
9 0. 69 1.8
10 0. 65 2.1
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Table 2 Comparison of test results between thermal-mechani-

cal and conventional rock-breaking methods
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