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Thermal cracking mechanism of granite during heating and cooling processes
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Abstract: Due to the limitations in high-temperature test equipment, the studies on the real thermal cracking of rocks in
laboratory typically involve inverse analysis based on microstructure observations of cooled specimens. The real-time cracking
evolution at high temperatures cannot be obtained through this method. Therefore, in this study, a thermo-mechanical coupled
UDEC grain-based model for granite is established based on the modified joint constitutive law considering temperature and
crack slip effects so as to investigate the real-time thermal cracking behavior of granite during heating and cooling processes. It
is found that the thermally induced microcracking in granite begins to occur at around 75°C under heating conditions. The
number of microcracks rapidly increase near the a—f quartz phase transition temperature, but the microcrack density does not
change significantly during the cooling process. Although the change in the crack number caused by the cooling effects is
negligible, it can lead to an increase or decrease in the crack opening. During the heating process, the initiation of microcracks
is mainly formed by the local stress accumulation due to different thermal expansions of the adjacent grains. The microstructure
changes caused by quartz transition can enhance the interaction between different grains, leading to the increasing compression
and shear motion on the grain level. This results in thermal-induced cracks continuing to deform and develop. During the
cooling process, the local microscopic stress release due to the thermal cracking during heating and the shrinkage of different

mineral crystals due to the cooling effects make the number of microcracks hardly change, but their morphological characteristics
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can change more significantly. This greatly affects the

macroscopic stress-strain behaviors of granite after cooling.
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The findings of thermo-mechanical coupling tests on granite based on the discrete element numerical simulations are interpreted

in a micro-meso-scale manner, revealing the real-time thermal cracking mechanism of granite during heating and cooling,

further promoting the understanding of the thermo-mechanical coupling of high-temperature rocks.
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Fig. 1 Grain-based model considering thermo-mechanical coupling effects and linear thermal expansion coefficient of mineral grains!'”
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Fig. 2 Scheme of heating-loading simulation tests for granite grain-based model



2142 =

+ T O

2y

=

it 2024 4F

R 1 BAAREE SF RN
Table 1 Mechanical properties of grain-based model!'”)

, pm/ Ew/ Po/ P om/ cem/ o/ kel
ETR (kg'm?) Vi GPa % Pl &) MPa MPa (GPa'm')
— Q0 1 119802
A 2650 0.16 37.5 44 1\(/2[-5\2/[@) fg 28 73 51938706
_F®
mfk KA 2620 0.19 225 50 g;m 22755 gg }é 171‘;18%52
. -M®@ 225 50 10 119802
= h 3050 0.22 15 6 M 20 45 9 74105
e (D WO p, )~ PO REEE(E, ) ORI (v, )~ O E T (e, VIO BEEE fii (@, ), BUORIE A SCIR[7]: (2) A
. mhh KASKARERM MR R A Q-Q. M-M. F-F, @KLAIKHEAN Q-F. Q-M. F-M, IR AT ¥ R 1-F 155
s FeMEEINIEE &, = 5(k +4G/3)/ Az, » Horh KM G 73 B ABIBEMBIVIRGE, Az, KT 1A AR DX B 9 203

JuR S, SRR IR (kD BB N, /4.
< 2 BRARBATRE T
Table 2 Thermal properties of grain-based model!'”!

a® / K Cy/
‘[é[ﬁ(l) (10’6.K’1) (W'mil'K) (J'kgil'K)
A 13.40 7.70 750.0
miE KA 3.20 2.38 640.0
=B 12.81 2.01 769.5

TE: (1D #ME5  (CLTE), k (RHREREO, C (L), B
VR SCER7], b & A1 C s EONTEEME: () AR A
WA CLTE JEAG K 1 (o) i FEAR M 2112 21221, A=
BESAALE 6%, JF A ATTRARAS, R, HAEw
HI R 2R IK RS IR R U 1 172,

2 1REIRIE

HR A S50 # RIS U R FH A6 b A R R, 2
SLEAAN 50 mm. E N 110 mm IR CLFE
2). R EG IEHAMTWEEA S, FHLE X
Voronoi HUARNAE I Y205, Bl 50% KA. 44% 4
PR 6% B, kA R P4 2 A L
R 1, 20 WELSAH R A S FLBzflk . AR i 5L
BR[12, 21, 221+ 15, A9 R K &
# (CLTE) HAREMKYE, ¢ H T ariim sAe s
S ZUR KA GE OB 1)) AR I aosp
FYEARAR IR B AL 2.5 CHIM R, RIHAE g
AT a—p 1 p—a WA A AR L 739 1 E N
573°C, 570°C. p—a MR KL R (750
X 10°%°C) B EABAET a—p MK LK &
(800X 10%°C). LA 10°C/min frI3% oK 1% B 1 HI1E
B 5 A A N B 400°C A1 600°C H iR L, FH7E Hbr il
FE T AT IR, B RBAERIRES S A (LE
2)o kI LA-10°C/min (¥R G 2 A5 B R G284 41 22
B, FEAENE PR T SR R AR LREE,
Bl 2 Fion. TESRRAEB T hrdk e B o
Y (1 B Ak s A e i i 2 o B0 A R0L, BL0.021
m/s [ S RO IRRE (i S A AT N gk, B

BURRBCR RS . RS R A, e i W R % 9 A
P50 53 A0 (A B s SR S WACER I - AR e - 4l 3
FI » A FH T R A RS AD I 18 73— A%ty 2 AT A (1
B A S S S IR 45 R W) & BT, IR T4
AR A R0

3 MARRATEPRERENRNFS

4

Bl 4 o T b3 5 S0 SR p B d R DL
IFAA H SRR P EE R ISR . 7RI 2
W, PR SRR AR T R T RGN, (HAEA E
FErf, ZEEARBUREEAAR . BTN HRTA HI L
B A S0 = I p IO FE I B 45 R R R AR
FIRREUE FEA S B B — 8t . AR R
B FAAD B 5 A8 1 o ) RS T B BRI R 7 5
B FEREE R4 T /DB ML, X2 R
A B A R 2R o B S A K R BN s R
CnkAD BRI RBGRBI N AR, — B RN )
TR I R P B A ) PR R, kS A R R
g0, HEmfE RN R N IR BRI, TR
Befh i B - N 7 AR, TR IR T, B
A TR B R SR AT A, A4S 48 40 Aok B AR
MEFE S T, DR AR A 7 A BT A e 8200,

Bk T 2GR AL RS A AR AR IETE I #4—
AR R A T RER . BT AR A
Bk, HRAWEE a—np HIARRAR SR,
BETYIHSBEAE 500°CE 573 °C iR X 8] P Fr4E
WK (LE 4. EDIERIBI VI RAT R, =i
OUH R AT 7 K AN 45 #28L AT A
GRS A f R (A EAE SRR R RS
HOEAE. hAP LB YREE . B 5 R T S
TN R4 20 5 T8 5 2 R (R BT R G 72 7 A i
Lo fEMPGEREF, REBIYIA B I ST



%10

TR SR IR AR A B o A AR L 2143

AW . 600 °C AR FE RGBT V) B K £ i
400°CIRFEM 3 f5 0L b Bk, It e, 78 573°C
o—B A FAHARIERFE 2 AT, 165 2 T I AN O 45 44 A8 1k
DTRG0 A S i N R RN . RE T
ZIETHE M 600°CHT 400°CAHIE 25 CHISFE T A
IR (L 4), (HRGIEA R & kAR
WA . {EAEIAN, RSO BT DA BE A 1 A
W (I 5). IR B RS A HIRLRE AR I 80E B L
B B R KB, RUIEABY BLifs R #AN R aE
P25l I, sk G, R
S BIHRE. BT YRR T R
RiF7, AR SR D . AU EY

140 -
120}
100}
o
Ay
= 80}
R
ey
% 60
b RKE-25C
40 WH-400C
’ . KK-600C
— #Elasc
20+
- Hifl-400C
7 —— Hi41l-600C
(el 1 1 ] I
0 0.004 0.008 0.012 ;

il BEAE

DI M B ALY 3 R T AN [R] 1 dlokE AR T AR T
PEF B o W SR 1 AR AR VA 0 AR iR AR B 2
Pl AR R dRE 2 32 BIAR TV R 1 A2 A2 1R R o
PRI, 7400 WL AE 2 BN 2R AT T e e Bk sl
AL A AR T AR 8l IXLE AR AR A2 BE AL
IET5 N, I B BRI T TR A, X
R T At A R I AR SURT RAR] I e A i sl A
W -

JE MR MRS B W B A, (H
TS5 I AR A 25 SR T TR 1 B o o 7 5L B
JE45 T B2 IT52AT M o XF RT AM1AT A db AT 5l
A6 (AL, FLR - AR 2N B 5 s

BRI ey
B e L e R

& 3 1ErgA ARSI =X I AN B E R N 0 R ZE R R A AR T

Fig. 3 Stress-strain curves and failure modes of granite samples after uniaxial compression tests in laboratory!'”) and numerical simulation
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Fig. 7 CT images of cross-section of cooled granite samples [ and numerical simulation results

75C (fm#)

10.0 [m]

75°C (fm#ty) 200°C (fm#) 400°C (fm#t )

600°C (fm#k )

(b)

400C (BH) 200C (AH) 25 (BH

8 ML IZP LR B MR K EFEELTE

Fig. 8 Numbers and normal displacements of microcracks in granite during a heating-cooling cycle
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