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Abstract Changes in rock properties due to freezing and thawing cycles ranging from -20C to 10°C were checked
for the typical Korean rocks: granite (weathered), limestone, sandstone, tuff, shale and basalt. The porosity, seismic
velocity, shore hardness and specific gravity were measured every 10 cycles for each type of rock up to 40 cycles.
The specific gravity was rarely changed. Granite (w), shale and basalt decreased gradually in their shore hardness
and seismic velocity values, these values for limestone, sandstone and tuff changed only a very little. The porosity
increased in the granite (w), shale and basalt, whereas in the others it did not change. Due to the low tensile strength
with high porosity, granite (w), shale and basalt were susceptible to the F-T cycles. A linear regression equation
was calculated based on the experiment results according to properties and types of rock. The relationship between
the freeze-thaw sensitivity (= initial porosity / initial tensile strength) and the coefficients of the regression equation
was examined. With additional experimental data, the coefficients of the regression equation can be estimated using
the F-T sensitivity. This makes it possible to predict the properties of rock as affected by freeze-thaw weathering
by only measuring the initial properties without knowledge of the regression equation coefficients for each type
of rock.
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Table 1. Initial properties of six different rock samples
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Table 17} 2t}

Specific gravity | Porosity (%) |P-wave volocity (m/sec)| Shore hardness |Tensile strength (MPa)
Granite (weathered) 2.745 2.791 4330 36 2.53
Limestone 2.831 0.372 5150 52 9.19
Sandstone 2.643 0.408 5000 68 15.03
Tuff 2.667 1.181 5345 74 15.43
Shale 2.702 1.564 4285 34 9.05
Basalt 2.173 15.840 4640 45 6.79
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Fig. 1. Freezing-thawing cycles ranging from -20C to 10C

Table 2. Specifications of the thermo-hygrostat
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Cubage

100L

Operating temperature range

-20C ~ 150C

Humidity controlling scope

55-95% RH (157C), 40-95% RH (30°C),
30-95% RH (70°C), 30-95% RH (70-85C)

Heating time

55 min (-15C — 120C)

Cooling time

60 min (20C — -15C)

Cooler

Plate fin cooler
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<Shale before the experiment>

<Granite(w) before the experiment>

<Shale after 20 F-T cycles>

<Granite(w) after 40 F-T cycles>

<Basalt before the experiment>

<Basalt after 40 F-T cycles>

Fig. 2. Crack growth due to freeze-thaw cycles
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Fig. 3. Degradation of properties under recurrent freeze-thaw condition
Table 3. The coefficient (A) and its coefficient of determination (r’)
Rock Type Property Coefficient (A) R’ Property Coefficient (A) R’
Granite (w) -0.00011 0.3184 -0.44250 0.9733
Limestone -0.00002 0.4900 -0.14750 0.7489
Sandstone ) ) 0.00000 0.0000 -0.06750 0.9251
— 1 Specific gravity Shore hardness
Tuff 0.00001 0.1250 -0.06000 0.4675
Shale -0.00005 0.1825 -0.24500 0.9498
Basalt -0.00066 0.9125 -0.51000 0.8766
Granite (w) -28.68250 0.9607 0.06016 0.9035
Limestone -9.34000 0.7908 0.00199 0.7503
Sandstone ) -1.61500 0.7908 ) 0.00751 0.6519
P-wave velocity Porosity
Tuff -3.65250 0.9441 0.00627 0.7353
Shale -15.86000 0.9935 0.03462 0.8834
Basalt -27.92000 0.9030 0.02842 0.9515

9lo] A7F 00 717 bt
ulSfeRa g 4 Qlek 1 ol9je] AukE Avum oy

A
S F
al, FNL

L Table 10} UFER} )

Qe 2 B =064 (1=0.8) W} Loug =

=A_ o5 Alo]Zo] N¥l  of oJ3t oFa]o] EAIHBloFARS @“

HAstE S vEpdc
A-G3) Ato]Zol| o8t HaElsb Aol SR AA| AMESHe| Qo] Z+ ekgnlct 74]T7} ra}
< Fol okA] o2 7IEF ol A8l &
Solek o= Ne7HA Wi F2-89 F3t

ol Qs r* ghe 7o) 9 A
7k 4

289 Bsiae

ol 3

el o

oA Akt 3] H4e] 2o EP‘*O}EH— S 4= Sk



et 4ok 281

Table 4. Freeze-thaw sensitivity (= initial porosity / initial tensile strength) of the specimens

Initial porosity Initial tensile strength F-T sensibility
Rock T; . .
ock 1ype (%) (MPa) (porosity/tensile strength)
Granite (W) 2.791 2.53 1.10296
Limestone 0.372 9.19 0.04051
Sandstone 0.408 15.03 0.02713
Tuff 1.181 15.43 0.07651
Shale 1.564 9.05 0.29967
Basalt 15.840 6.79 2.33279
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Fig. 4. Relationship between the freeze-thaw sensitivity and the regression coefficients
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