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ABSTRACT

Permafrost degradation under the toes of road and airfield embankments is a common problem in northern regions.
Shoulder rotation and longitudinal cracking develops due to the reduced bearing capacity of the thawed ground at the
toe greatly increasing the maintenance costs for these linear infrastructures. A new mitigation approach was developed
by the Groupe de recherche en ingénierie des chaussées de I'Université Laval that extracts heat from the embankment
during winter. The technique uses heat drains that consist of a highly air permeable geocomposite that is placed in the
shoulders of the embankment. The main goal is heat extraction from beneath the embankment when the air
temperature is colder than the temperature in the embankment. The density difference forces the air to flow through the
heat drain and be extracted by convection. In summer the heat drain acts as an insulating layer due to its low thermal
conductivity reducing the penetration of warm temperatures into the slope. Based on the laboratory results on a small
scale embankment that show the performance of the new heat drains, numerical modeling was carried out to
demonstrate the effect of heat drains on larger scale as well as investigating the effects of different air temperature and
soil conditions.

RESUME

La dégradation de pergélisol sous les talus des remblais routier et aéroportuaire est un probléme inévitable dans des
régions nordiques. La rotation d'épaulement et fissuration longitudinale développées est associée au bilan thermique
défavorable sous les talus de remblais augmentant considérablement les co(ts d'entretien pour ces infrastructures
linéaires. Une nouvelle approche de mitigation a été développée par le groupe de recherche en ingénierie des
chaussées de I'Université Laval qui extrait la chaleur du remblai pendant I'hiver. La technique emploie les drains
thermiques qui sont constitués d’'un géocomposite drainant a forte perméabilité, placé sous I'accotement et le talus du
remblai. En été, le drain thermique agit en tant que couche isolante due a sa faible conductivité thermique, réduisant
ainsi la pénétration des températures chaudes dans le remblai. Basé sur les résultats de laboratoire d'un remblai a
échelle réduite, montrent le mécanisme des nouveaux drains thermique, des modélisations numériques ont été
effectuées pour démontrer l'effet des drains thermique sur une plus grande échelle et étudier les effets de la
température de l'air et des conditions du sol.

1 INTRODUCTION deformation parameters of the foundation and often result
in shoulder rotations and longitudinal cracking.

The degradation of permafrost along linear structures,

such as road embankments or pipelines has a significant
influence on the stability and hence the service life of
these structures. Previously stable road pavements are
beginning to show signs of instability due to warming air
temperatures. Northern regions are particularly affected
by these trends, and permafrost warming and
degradation has been measured at several locations (e.g.
Smith and Burgess 1999; Smith et al. 2005; Osterkamp
2007). The main consequences of this degradation on
engineered structures are related to thaw settlements and
drainage problems. The depressions and water ponding
along embankments change the strength and
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Any construction activities in a permafrost environment
change the thermal regime of the ground and may affect
its mechanical properties. The construction of an
embankment, for example, results in a readjustment of
the active layer and the permafrost table. Generally, the
active layer thickness increases and therefore the design
must account for the freeze and thaw cycles within this
layer. The permafrost degradation caused by changing
climate can affect the active layer thickness in ways the
embankments were not designed for.  Non-uniform
settlements are expected, which significantly affect the
serviceability of the road.
























