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A Study on Thermal Shock, Thermal Expansion and Thermal
Cracking of Rocks under High Temperature
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ABSTRACT

Thermomechanical characteristics of rocks such as thermal shock, thermal expansion, thermal
cracking were experimentally investigated using lksan granite, Cheonan tonalite and Chung-ju
dolomite to obtain the basic data for proper design and stability analysis of underground
structures subjected to temperature changes.

The effect of thermal shock did not appear when the heating speed was under 3C/min. and
there existed little difference between multi-staged cyclic heating and single-cycled heating.
Thermal expansion of rocks was affected by mineral composition, crack porosity and the degree
of thermal cracking. In quartz-bearing multimineralic rocks such as Iksan granite and Cheonan
tonalite, the thermal expansion coefficient increaseed continuously with temperature rise, but
that of Chung-ju dolomite which was a monomineralic rock showed a constant value for the
temperature above 2507T. Chung-ju dolomite yielded the lowest critical threshold temperature(T,)
of 100 and unstable thermal cracking was initiated above the new threshold temperature(T,)
of 300TC. Above T¢' thermal cracks grew but they were not interconnected. Iksan granite showed
closing of microcracks to the temperature of 100, then expanded linearly to Tc of 2007 . Above
Te, thermal cracking was initiated and progressed rapidly and almost all the grain boundaries
were cracked at 600C. Cheonan tonalite also showed similar behavior to Iksan granite except
that Tc was 350C and that thermal cracks propagated more rapidly. Thermal expansions
calculated by Turner's equation were found to be valid in predicting the thermal expansion and
cracking behavior of rocks.
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Table 1. Modal composition of samples.
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e 48 A7)z 1500077 Heds 4 glow, o
A A1 Abclol] WEE Pt-Rh QA oA S35+ A]
Hel Fwerryt zgad4) %247 (program
system temperature controller)oll 2jsll zg=ZA =)
ol 7hel W WAL Esh Al eE 52 vel YYs)
ko AEAoleAl Hek, Ao} AL FEA R
9} 225 shehol] Ax® &4 X-(detecting rod)o]
77t Aol LYDTS] A-5w3t7)9 Zofol A7)
of lum o) HHUEZ EEA B 2 2] LohA}
(differential thermal expansion)’} ZHFH,
LVDToll4 H71A %% vkl g TMA 3l &
Az X zA o] E7]|ZH|(2-pen chart recorder)
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Minerals Composition (Vol. %)

Tksan granite Cheonan tonalite Chungju dolomite
Quartz 25.5 12
plagioclase 22.6 38
Ortoclase 5
Microcline 25.2 -
Biotite 14.5 17
Hornblend 3 25
Dolomite 74.5
Actinolite 20.5
Others 9.2 3 5
Total 100 100 100

Table 2. Phusical and mechanical properties of samples.

Properties Iksan granite Cheonan tonalite Chungju dolomite
Bulk specific gravity 2.70 2.74 2.88
apparant porosity(%) 0.523 0.564 0.113
P-wave velosity(m/sec) 3930 3700 6050
Uniaxial compressive 1470 1740 2340
strength (kg/em®

Brazilian tensile 71 73 77
strength (kg/cm®)

Young's modulus 1.96 1.89 2.53
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Fig. 7. Schematic diagram of thermomechanical anal-
yzer.
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Fig. 8. Linear thermal expansion of lksan granite me
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a function of heating speed.
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Table 3. Parameters for calculationg the theoretical thermal expansion of lksan granite by Turner's equation.

Mineral Vol. K*! Volumetric thermal expansion from 20°C (%)**

(%) 100°C  200°C 300°C  400°C  500°C  570°C  580°C  600°C
Quartz 314 271 036 078 127 189 270 376 455  4.54
Plagioclase 285 145 009 023 041 059 0795 0939 0958  1.00
Microcline 311 192 0128 0398 0521 0644 0837 0971 0991  1.029
Hornbland 90 115 016 042 0695 097 1275 1489 1519 158

*!: Data from Bauer & Handin (1983)
**: Data from Skinner (1983)

Table 4. parameters for calculating the theoretical thermal expansion of Cheonan tonalite by Turner's equation.

Mineral Vol. K*! Volumetric thermal expansion from 20°C (%)**

(%) 100°C  200°C  300°C  400°C  500°C  570°C  580°C  600°C
Quartz 17 271 036 078 127 189 270 376 455 454
Plagioclase 43 145 009 023 04l 059 0795 0939 0958 100
Orthoclase 10 192 0049 0155 0370 0585 0840 1.005 1.125 1.85
Hornbland 30 115 016 042 0695 097 1275 1489 1519 158

*': Data from Bauer & Handin (1983)
*2: Data from Skinner (1983)
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