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A Study on Temperature Dependency of Strength and Deformation
Behavior of Rocks

Hyeong-Won Lee and Chung-In Lee

ABSTRACT The thermomechanical characteristics of rocks such as temperature dependency of
strength and deformation were experimentally investigated using Iksan granite, Cheonan
tonalite and Chung-ju dolomite for proper design and stability analysis of underground
structures subjected to temperature changes.

For the temperature below critical threshold temperature T, the variation of uniaxial
compressive strength, Young's modulus, Brazilian tensile strength and cohesion with
temperature were slightly different for each rock type, but these mechanical properties
decreased at the temperatures above T, by the effect of thermal cracking. Tensile strength was
most affected by T, and uniaxial compressive strength was least affected by T. To the
temperature of 200°C with the confining pressure to 150 kg/em®, failure limit on principal stress
plane and failure envelope on 6-t plane of lksan granite were continuously lowered with
increasing temperature but those of Cheonan tonalite and Chung-ju dolomite showed different
characteristics depending on minor principal stress on principal stress plane and normal stress
on o-T plane. The reason for this appeared to be the effect of rock characteristics and confining
pressure. Young's modulus was also temperature and pressure dependent, but the variation of
Young's modulus was about 10%, which was small compared to the variation of compressive
strength. In general, Young's modulus increased with increasing confining pressure and
increased or decreased with increasing temperature to 200°C depending on the rock type.
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{1) Triaxial chamber (2} Hydraulic balance feature
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Table 1 Resuit of uniaxial compressive tests for lksan granite, cheonan tonalite and

Sample Test No. of Average uniaxial Normalized Average Young's  Normalized
temperature  tests compressive value*' (X 10" kg/em®) value*”
e strength (kg/em?)
Iksan R.T. 5 1470+130 1.000 1.96+0.06 1.000
granite 100 4 1380+100 0.934 1.95+0.06 0.995
200 4 1320+90 0.897 1.92+0.13 0.980
300 3 1250+ 60 0.850 1.80+0.04 0.918
400 2 1180+20 0.800 1.58+0.02 0.806
500 2 920470 0.625 1.35+0.01 0.698
600 2 670+ 30 0.458 0.88+0.05 0.449
Cheonan R.T. 4 17404280 1.000 1.89+0.13 1.000
tonalite 100 4 1610270 0.924 1.82+0.16 0.963
200 4 17204240 0.983 1.99+0.12 1.053
300 3 1810+70 1.036 2.054+0.21 1.085
400 3 1480+ 190 0.849 1.79£0.05 0.947
500 2 1330+120 0.765 1.55+0.12 0.820
600 2 110070 0.632 1.23+0.02 0.651
Chung-iu RT. 5 2340+ 280 1.000 2.53+£0.23 1.000
dolomite 100 3 2180+ 170 0.933 2.66+0.29 1.051
200 3 2200240 0.938 2.55+0.26 1.001
300 3 22004200 0.938 242+0.12 0.957
400 2 2290+90 0.979 2.563+0.15 1.000
500 3 2100+ 150 0.899 2.05+0.10 0.810
600 2 1470+ 10 0.628 1.39+£0.04 0.549

*1: Normalized by average uniaxial compressive strength at R.T.

*2: Normalized by average Young's modulus at R.T.
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Table 2. Result of Brazilian tensile tests and caiculated cohesion for lksan granite,

Sample Test No. of Average Brazilian Normalized  Cohesion*®  Normalized
temperature (°C) tests  tensil strength (kg/em®) value*' {kg/em®) value**
Tksan R.T. 4 71+ 5 1.000 175 1.000
granite 100 2 68+ 5 0.958 166 0.949
200 2 64+ 3 0.901 157 0.897
300 4 45+13 0.634 126 0.720
400 3 33+10 0.465 103 0.589
500 2 28+ 1 0.394 84 0.480
600 2 18+ 4 0.254 57 0.326
Cheonan R.T. 2 73+28 1.000 191 1.000
tonalite 100 2 66+ 15 0.904 174 0.911
200 2 62420 0.849 173 0.906
300 3 59+ 6 0.808 172 0.901
400 3 44+ 5 0.603 134 0.702
500 2 37+ 7 0.507 116 0.607
600 2 25+ 2 0.342 86 0.450
Chung-ju R.T. 3 77418 1.000 224 1.000
dolomite 100 3 71+15 0.922 207 0.924
200 2 65+ 2 0.844 198 0.884
300 2 63+ 9 0.818 195 0.871
400 2 54+ 4 0.701 183 0.817
500 2 45+ 3 0.584 159 0.710
*1: Normalized by average Brazilian tensile strength at R.T.
*2: Calculated by the equation(3-4), C= —-—ﬁ—:
2VS(S. - 38)

*3: Normalized by cohesion at R.T.
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Table 3. Result of triaxial compressive tests for lksan granite, cheonan tonalite and chungju dolomite.

Sample Test Confining Compressive Normalized Normalized ~ Young's  Normalized Normalized
temperature pressure  strength value*' value** modulus value*® value**
C) (kg/cm®) (kg/em®) (X10° kgfem®)
Iksn R.T. 50 2250 1.527 1.000 1.76 1.000 1.000
granite 100 2720 1.846 1.000 1.84 1.045 1.000
150 3250 2.204 1.000 1.92 1.091 1.000
100 50 2030 1.474 0.901 1.81 1.028 1.028
100 2550 1.855 0.939 1.90 1.080 1.033
150 3050 2.219 0.940 1.84 1.045 0.958
200 50 1750 1750 0.776 1.88 1.068 1.068
100 2190 2190 0.805 1.78 1.011 0.967
150 2690 2690 0.830 1.81 1.028 0.943
Cheonan R.T. 50 2320 1.330 1.000 1.68 1.000 1.000
tonalite 100 2790 1.598 1.000 1.72 1.024 1.000
150 3310 1.895 1.000 1.78 1.060 1.000
100 50 2050 1.270 0.883 1.51 0.900 0.900
100 2440 1.514 0.876 1.58 0.940 0.919
150 2850 1.770 0.863 1.64 0.976 0.921
200 50 2260 1.315 0.972 1.55 0.923 0.923
100 2730 1.590 0.978 1.64 0.976 0.953
150 2920 1.703 0.884 1.79 1.065 1.006
Chungiu  RT. 50 2690 1.147 1.000 1.94 1.000 1.000
dolomite 100 2940 1.257 1.000 1.98 1.021 1.000
150 3230 1.378 1.000 1.95 1.005 1.000
100 50 2910 1.331 1.082 1.81 0.933 0.933
100 3250 1.488 1.104 2.05 1.057 1.035
150 3640 1.666 1.127 2.11 1.088 1.082
200 50 2740 1.205 1.022 1.83 0.943 0.943
100 3080 1.401 1.045 1.88 0.969 0.949
150 3490 1.590 1.082 1.94 1.000 0.995

*1: Normalized by uniaxial compressive strength at the same temperature

*2: Normalized by compressive strength at R.T. under the same confining pressure
*3: Normalized by Yong's modulus at R.T. under the confining pressure of 50 kg/em’
*4: Normalized by Young's modulus at R.T. under the same confining pressure
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Fig. 37. Axial differential stress-axial strain curves of

Chungju dolomite under confining pressure

of 50 kg/cm?® at various testing temperature.
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Fig. 38. Axial differential stress-axial strain curves of

Chungju dolomite under confining pressure

of 100 kg/cm’ at various testing temperature.
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Fig. 39. Axial differential stress-axial strain curves of
Chungju dolomite under confining pressure
of 150 kg/cm’ at various testing temperature,
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