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Effects of the Thermal Cracking on the Deformation Behaviour of Granites

Yong-Kyun Yoon

ABSTRACT Pocheon, Keochang and Sangju granite samples of different granularity and mineralogical
composition were thermally treated at pre-determined temperature of 600°C. Thermally-induced
microcracks were characterized using an optical microscopy and their effects on the deformation
behavior of thermally cycled samples were studied performing compressive mechanical tests. Optical
observations shows that by 600°C nearlly all crystal boundaries open and the new intracrystalline
cracks form in the more grains. The intracrystalline cracks are most pronounced at thermally treated
Pocheon and Keochang granite samples. Results from mechanical tests represents negative lateral
strains, which give negative Poisson's ratios. It is the most probable that negative lateral strains are
produced by residual stresses induced during cooling.

Key words : thermally-induced microcracks, thermally cycled samples, intracrystalline cracks, negative
Poisson's ratios
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Table 1. Mineralogical composition of rock samples
Mineralogical composition
(Vol. %)
Minerals
Pocheon Sangju  Keochang
granite granite granite
Quartz 28 34 28
K-feldspar 42 45 30
Plagioclase 26 17 34
Biotite 4 3 4
Muscovite - - 2
Epidote - - 2
Opaque mineral - 1 -

Table 2. Physical & mechanical properties of samples

Pocheon
granite

Sangju
granite

Keochang
granite

2.60+£0.00 2.55+0.00 2.63+0.00
0.69+0.02 1.96+0.23 0.68+0.03

Properties

Specific gravity

Effective
porosity(%)

P-wave velocity
(m/s)

S-wave elocity(m/s) 1820+10 2110+70 2260+240

3010+60 349090 4010190

Uniaxial 173+5 155410  155+14
compressive
strength(MPa)

Young's 48.1+4.2 59.2+114 62.2+7.29
modulus(GPa)

Poisson's ratio 0.202+0.110.144+0.06 0.167+0.07
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(b) After thermal treatment(600°C)

Fig. 1. Microphotographs of Pocheon granite before
and after thermal treatment
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(a) Before thermal treatment(Room temperature)

(b) After thermal treatment(600°C)

Fig. 2. Microphotographs of Sangju granite before
and after thermal treatment
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(a) Before thermal treatment(Room temperature)

(b) After thermal treatment(600°C)

Fig. 3. Microphotographs of Keochang granite before
and after thermal treatment
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Table 3. Physical & mechanical properties of samples thermally cycled to 600°C

Pocheon Normalized Sangju Normalized Keochang Normalized

Properties

granite value granite value granite value
Specific gravity 2.55+0.01 0.981 2.48+0.00 0.973 2.58+0.00 0.981
Effective porosity(%) 2.29+0.02 3.319 3.68+0.14 1.878 2.55+0.02 3.750
P-wave velocity(m/s) 1090+20 0.362 850+30 0.244 1190+10 0.297
S-wave velocity(m/s) 770120 0.423 630+20 0.299 91020 0.403
Uniaxial compressive strength(MPa) 6416 0.370 65+12 0.419 7114 0.458
Young's modulus(GPa) 197414 0.410 156+4.8 0.264 205176 0.330
Poisson's ratio -0.118+0.06 0.584 0.059+0.03 0.410 -0.100£0.07 0.599
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Fig. 9. Axial stress-volumetric strain curves of sam-
ples thermally cycled to 600°C
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