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Correlation Analysis of Empirical Frost Heave Prediction Models
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ABSTRACT : Frost heave is one of the significant engineering characteristics of frozen ground and causes severe damages on
geo-structures. Although thermo-hydro coupled analyses have been developed to predict frost heave behavior, these analyses involve
excessive input parameters and have primarily been validated for frost heave in clayey soils. Frost heave mainly occurs in silty soils,
which have relatively higher permeability compared to clayey soils, necessitating careful attention. This study introduces empirical
models and verifies their reliability for silty soils. By using the validated model, the correlation of key input parameters is derived,
which is expected to enhance the applicability of thermal-mechanical analysis for geo-structures on frozen ground in the future.
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Table 1. Laboratory testing for frost heave (Lee et al., 2023)
Weight fraction (%) Initial Initial Initial water Dry Unit Temperature (°C)
height . content Weight
sand silt (mm) porosity %) (KN/m’) initial & Top | Bottom (°C/h)
CASE 1 90 10 48.85 0.380 22.31 16.71 0.79 -0.230
CASE 11 70 30 45.13 0.310 16.30 18.62 0.79 -0.243
Table 2. Imput parameters for the verification of empirical frost heave models
o (kPa) 1.67
Porous Rate Function (PRF) ¢ (kPa) 730
¢ 1.0
p. (kg/m’) 2750
particle c, (J/kg°C) 900
A, (W/m-=°C) 5.04 (CASE 1, Sand 90%), 3.92 (CASE 1II, Sand 70%)
py  (kg/m’) 1000
Thermal transfer water e Uhg™C) 4180
A, (W/m-°C) 0.56
o (kg/m’) 917
ice ¢; (J/kg°C) 2000
A, (W/m-°C) 224
latent heat L (J/kg) 333000
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Table 3. PRF parameters based on curve fitting

CASE 1 CASE 1I
n,/gr (°C/h/mm) 0.32 1.22
S.P. (mm*°C/h) 4.8 14.3
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Fig. 5. Correlation between key parameters of PRF and SP model
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