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Experimental study on internal one-dimensional heat conduction law of
granite under high-temperature thermal shock
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Abstract: The deteriorating effects of heat on physical and mechanical properties of rock are determined by the combination of
the factors such as the structure, mineral composition and mineral distribution of the rock. The high-temperature thermal shock
tests are conducted to address the one-dimensional heat conduction problem of semi-infinite objects experiencing
high-temperature thermal shock in engineering. The changes rules of temperature field, heating rate and temperature gradient
field during thermal shock are analyzed, the thermal shock factor is introduced to quantitatively characterize the degree of heat
damage to the rock in the process of high-temperature thermal shock, and the influence of heat source temperature and medium
on the heat transfer of granite are discussed. The test results show that the temperature changes within the granite at different
thermal shock temperatures are divided identically into three stages: rapid heating, slow heating and temperature stabilization.
Influenced by the non-homogeneity of granite, the distribution of the temperature field and temperature gradient field in granite
under high-temperature thermal shock are disordered, and the degree of disorder of the temperature gradient field is higher than
that of the temperature field. During high-temperature thermal shock, the distribution of thermal shock factors of granite is
significantly non-homogeneous, and its peaks are dynamically moving. At 100°C, since water has a greater convective heat
transfer coefficient than silicone oil, the temperature, rate of warming and temperature gradient within the granite have greater
peaks and enter the stabilization phase earlier when using water instead of silicone oil as the heat source medium.
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Table 1 Main mineral compositions of granite

XRF A= 54T XRD 5E &= W E R b
A SE% | T BRE% | W SE%
SiO2 64.578 e 25 AT 25

ALO; 12294 | #EA 31 A 40~45
Fe203 4120 | EKA 11 MINA 10~15
MgO 2,669 | Bt 13 BBl 10~15
Ca0O 6.046 | EINA 11 HAth 1

Na>O 3.220 | HfEA 6

K>0 4739 | GRA 1

TiO2 0.549 [E 1

P20s 0.265 HoAh 1

HAh 1.520

&t 100 & 100 & 100

®2 EHAETENFSHRIESH

Table 2 Main mechanical parameters and physical parameters of

granite
NEZH FHIME WHZH FHAME
PUEMRE  132.15MPa FLBR A 0.65%
P 14.79 GPa B 2.66 g/em?
b 10.68 MPa bb A 1.08 kJ/(kg-K)
BB 65.49 MPa PR 2.93 W/(m'K)
P EE AR A1) 27.50°

B EFEVIE #4200 mm X 200 mm X 100 mm
PISE TR, AR T B4, R ER
TR ERAE . ST IRTHEE 2 AU E AR, RAER
N6 mm O HEEE L, R IRE 1 PR
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Fig. 1 Schematic diagram of boreholes
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Fig. 3 Change curves of temperature at monitoring points in
granite during thermal shock at 200°C
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Fig. 5 Distribution of temperature in granite at different time during thermal shock at 200 °C
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Fig. 8 Distribution of temperature gradient in granite at different time during thermal shock at 200°C
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Fig. 10 Distribution of thermal shock factor in granite at different time during thermal shock at 200°C
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Fig. 12 Change curves of temperature at monitoring points in granite during thermal shock of different media at 100°C

100°CRE: =
—a— g —e—#Q E
——#16 —— 22 :
[&]
28 ——"34 «;X?;H*E‘ 5

d g

A R

et 1.0@-

TIPS o ot Hos &

R L0 T T [

100714151,
——tg —e—#p

——#6——*2)

g
&
&
B

#28 ——*#34
5
P{IEERE
§
g bty
< ’ DA N
*2 . " .l”
g i,
gl L S SS SR
V4
w1 sellyy
30

1 1
350 300 250 200 150 100 50

1 . 1 1
50 100 150 200 250 300 350

B} 8] /min
13 100 CEF R E /T BfopEid i2 L RE AN R RIERE T sk

Fig. 13 Curves of heating rate at monitoring points in granite during thermal shock of different media at 100°C
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