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ABSTRACT

Frost heave occurs when ground temperature decreases under 0C and soil volume expands, which causes roadway and buried

pipe line failure due to differential heaving. There are several models to predict volumetric strain caused by frost heave,

but they requires expertises who have professional background and experience related to numerical analysis. This study

presents an evaluation method to predict volumetric strain caused by frost heave with fundamental physical properties of

soils. The evaluation method is assessed with experimental results.
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Fig. 1. Initial configuration of unsaturated soils
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Fig. 2. Final configuration of frost unsaturated soils
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Table 1. Input parameters to calculate frost heave for frozen

soils
No Parameter Component Unit
1 Total Unit Weight Soil (v,,) KN/m’
2 Water Content Soil (w)
3 Porosity Sail (7,)
4 Saturation Degree Soil (S,)
5 Specific Gravity Soil Particle (G,)
Material (G ,,), lce (G;y)
6 R:;(‘) g:airrqa;?giz‘hlo Soil Particle and Material (a)
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a = ng : Ratio of material to soil grain weight (3)
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V;, : Volume of ice

Viwo : Volume of water from ice (phase change)
: Specific gravity of ice

/W)

u w

w, : Unfrozen water content (=
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Table 2. Physical Properties of tested specimen

Soil properties

Gs 2.65
vy (KN/m?) 182
Wopt (%> 17
Liquid Limit (%) 35,2
Plastic Limit (%) 228
Soil Type Silty—Sand
USCS Classification SM
Freezing
Chamber
Fixed
Boundary
50mm — LVDT
i
—  Mold
A30mmy Backfill
paisrial __ Insulation
(styrofoam)

100mm

Fig. 5. Experimental apparatus for frost heave testing

Table 3. Summary of experimental frost heave testing results
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Test No. HXD (mm) Yo () (g/cm?) o (%) e S (%) Volumetric strain (%)
1 150 X100 1.78(1.64) 893 0.616 36.73 04
2 150X100 1.90(1.65) 14.82 0.606 06.25 1.3
3 150X100 1,.98(1.64) 2125 0.616 8921 25
4 150X100 1.81(1.61) 12,31 0.646 50,96 0.5
5 150X100 88(1.63) 17.03 0.626 64.95 2.2
6 150X100 1,98(1.63) 21.89 0.626 90,93 28

w, (at T=-6T) =011

u
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Fig. 7. Measured volume change caused by frost heave
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Fig. 8. Measured and calculated volumetric strains caused by
frost heave
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