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Numerical Study on Freezing and Thawing Process in Modular Road System
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Abstract

In order to understand response of geo-structures to the freezing-thawing process in the ground, it is necessary to
consider phase change of the pore water of the ground and also to understand soil interaction with structures. In this
study, numerical analysis was carried out for freezing and thawing effect on the modular road system. Neumann’s
theoretical equation for freezing-thawing processes in porous media can be used to estimate frozen depth and heaving
from basic soil properties and ground and surface temperature, but its application is limited to the case for the sediment
with fully saturated condition and zero unfrozen water content. Numerical analysis of the modular road system was
performed on various soil types and different ground water table as the varying freezing index. The amount of heaving
in the silty soil was much larger than those in granite weathered soil or sandy soil, and lowering groundwater level
reduced ground heaving induced by freezing. Numerical analysis for temperature history of the ground surface predicted
residual heaving near the surface by the freeze-thaw process in silty soil. It ought to reduce stiffness and bearing capacity
of the ground so that it will impair stability and serviceability of new road system. However, the amount of residual
heaving was insignificant for the road system installed in weathered soil granite and sandy soil. Since modular road
system is a pavement structure mounted on the supporting substructure unlike the prevalent road pavement system, strict

criteria should be applied for uniform and differential settlement of the pavement system.
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Table 1. Soil properties from laboratory tests and inversion results (Shin and Park, 2016)

Soil type Sandy soil Weathered granite soil Silty soil
Initial void ratio 0.315 0.583 0.734
Mechanical Stiffness modification factor: 3.04x10° 9.81x10* 2.65%x10°
m [kPal, oy 8.0 5.6 4.3
Unfrozen water content: « 0.7 0.4 0.3
s =0—(1- 1)) ' ' '
Water retention curve:
a [kPal], b, ¢
PN 10.0, 2.5, 0.45 6.0, 5.0, 0.5 2.5, 7.0, 0.55
Hydraulic S, = ln(eJr(i) )}
Intrinsic hydrauli ductivity:
ydraulic conductivity 1 0x10°3 1 0x10°5 1 0x10°°
K, [m/s]
Relative hydraulic conductivity: A 0.5 0.6 0
= V8 A= (1= 5/ ) ' ' !
A= AL @ XS e xS .
Thermal conductivity [W/m-K] soil ZwaterTice (Geometric mean)
Thermal )‘507/:3'0* )‘urm‘,er :0'6’ )\me =2.2
Specific heat capacity [J/kg-K] c,.,=874, C ...=4190, C_  =2095
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Soil surface displacement in the free field
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Fig. 10. Vertical heaving displacement in various soil type and GWT
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Fig. 11. Numerical results for surface temperature history of Yeongwol (FI=555 day-°C). (a) Temperature history, (b) Vertical displacement
of the slab installed in silty soil, (c) Vertical displacement of the slab installed in weathered granite soil, (d) Vertical displacement
of the slab installed in sandy soil, (e) Bending moment at slab “b” (GWT=0m), f) Axial force at slab “a” (GWT=0m).
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