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In this study, we attempted to measure frost heave pressure, i.e., the pressure that develops in the heat-flow
direction when rocks are subject to frost heave and ice lenses grow.

We used two kinds of rock samples: one was Ohya tuff, whose frost heave was already known to be high, and
the other was Kimachi sandstone, whose frost heave was lower than that of the former.

Ohya tuff and Kimachi sandstone, in which the occurrence of frost heave has previously been confirmed, were
used as specimens.

To conduct the experiment, we made original frost heave experiment equipment that was combined with a
reaction frame and a load cell.

The test results clearly showed that the maximum frost heave pressure did not depend on the kind of rock and
was proportional to the temperature gradient.

In addition, we clarified that the speed of the increase in pressure was proportional to the frost heave rate — the
growth rate of the ice lens.
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Fig.1 Schematic image of damage to ground anchor by frost heave.
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Table 1 Basic physical properties.
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ocaa Deviation | Specimens g Deviation | Specimens 1 iati i e Deviation i
Water Absorption
Ratio 0 30.2 0.9 10.9 0.6 29.2 0.7 11.7 0.2
Porosity (%) 42.5 1.7 20 21.7 0.7 20 39.8 0.6 20 22.2 0.8 20
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Fig.2 Frost heave experiment equipment for measuring frost heave rate.
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Fig.3 Frost heave experiment equipment for measuring frost heave pressure.
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Table 2 Temperature conditions.

Temperature conditions for measuring frost heave rate

Teigerabare ot | Temparabice o Temperature Location of 0°C Line in
Temperature Gradient in Caleulation
TypesctBock | Gondition 1""[’,?)“"‘" B"““;;f s Calculation (from Bottom of Specimen)
(*C/mm) (mm)
1 -5 +5 0.14
i 2 —10 +10 0.29
i 3 —15 +15 0.43
This Study 4 —20 +20 0.57 35
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,,K”?“h' 2 —15 +15 0.43
3 —20 +20 0.57
5 Types of Rock
Past Study? T‘i“::r‘:_::’d‘" -15 +5 0.29 175
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Temperature conditions for measuring frost heave pressure
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Fig.4 Frost heave experiment results of Ohya tuff on temperature condition 4.

Fig.5 Photograph of Ohya tuff after frost heave experiment on
temperature condition 4.
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Fig.6 Internal temperature of Ohya tuff after 10 hours from start of frost heave
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temperature condition 3.

Fig.10 Photograph of Kimachi Sandstone after frost heave
experiment on temperature condition 3.
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Table 3 Maximum frost heave rate and temperature gradient on each temperature condition.

T f
Jpes s Ohya Tuff Kimachi Sandstone
_ Rock
Tempergie 1 2 3 4 1 2 3
C
No. 1 2 3 1 2 1 2 1 2 1 2 b 2 1 2 3
Maximum Frost
Heave Rate 0.058 | 0.050 | 0.055 | 0.114 | 0.116 | 0.156 | 0.159 | 0.161 | 0.161 | 0.014 | 0.011 | 0.019 | 0.018 | 0.019 | 0.028 | 0.024
{mm/hour}
Temperature
Gradient of |
Maximum Frost | (0,158 | 0.126 | 0.135 | 0.272 | 0.273 | 0.381 | 0.398 | 0.503 | 0.559 | 0.253 | 0.262 | 0.428 | 0.398 | 0.506 | 0.521 | 0.467
Heave Rate
(*Clmm)
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Fig.13 Frost heave pressure experiment results of Ohya tuff on
temperature condition 3.
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Fig.14 Photograph of Ohya tuff after frost heave pressure
experiment on temperature condition 3.
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Fig.16 Frost heave pressure experiment results of Ohya tuff under all
temperature conditions.
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Fig.17 Frost heave pressure experiment results of Kimachi sandstone
on temperature condition 3.

Fig.18 Photograph of Kimachi sandstone after frost heave pressure
experiment on temperature condition 3.
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Fig.19 Frost heave pressure experiment results of Kimachi Sandstone
under all temperature conditions.
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experiment on temperature condition 1 and 3.
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Fig.21 Relationship between maximum frost heave rate U,,,, and
temperature gradient A 7,,.
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Types of

Rock Ohya Tuff

Kimachi Sandstone

Temperature
Condition

No.

Maximum Frost
0.57

Heave Pressure
(MPa)

0.67

0.92 | 0.69 | 0.60 109 | L14

Temperature
Gradient of

Maximum Frost | 0.137 | 0.111 | 0.240 | 0.212 | 0.493

Heave Pressure
(=Clmm)

0.450 | 0,209 | 0.241 | 0.348 | 0.352 | 0.456 | 0.485

Frost Heave
Pressune Rate
(MPaour)

0.027 | 0.053 | 0.099 | 0.088 | 0.155

0.200 | 0.015 | 0.014 | 0.019 | 0.019 | 0.021 | 0.035
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