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Highway embankments in the Arctic are usually 
underlain by challenging terrain such as 
permafrost and polygonal-pattern ground 
containing ice wedges as shown in Figure 1. The 
thermal regime of the underlying foundation will be 
influenced by the embankment either positively 
(i.e., permafrost aggradation) or negatively (i.e., 
permafrost degradation), in addition to climatic 
effects in cold regions environment. Permafrost 
degradation and thawing of ice wedges can cause 
excessive differential deformations or embankment 
failures caused by sinkholes, resulting in significant 
maintenance efforts and safety hazards. 
 

 
 
Fig. 1. Highway embankment crossing polygonal ground. 
 

The mechanical properties of a composite 
geofoam-geogrid material known as Reinforced 
Polymer Base® (RPB) were investigated in the 
laboratory. This material provides a contiguous 
composite base at discrete locations along the 
highway which can insulate the polygonal ground 
and bridge weak areas when ice wedges are 
thawed. The compression properties of the 
geofoam will help reduce the fill material required 
to protect the underlying frozen ground. The fill 
material without the geofoam already acts as a 
thermal insulation for the frozen ground. The 
compression properties of the foam can also be 
utilized to achieve higher embankment heights to 
maintain road elevations. The compressive 
stiffness of the foam can be used to calculate the 
settlement of the embankment above the foam 
under the stresses from fill and traffic loading. The 
flexural properties of the foam can also be used to 
calculate these settlements as voids develop under 
it and minimize the differential settlement at the 
embankment surface. Insulation characteristics of 
foam are important in determining the thicknesses 

of the fill material and foam needed to protect the 
ice wedges and frozen ground from thawing under 
current and long-term climate change conditions. 

Bending and compression tests were performed 
under different environmental conditions (e.g., 
freezing and thawing, saturated and dry). Figure 2 
shows a typical composite material tested in the 
laboratory. Thermal conductivity tests were also 
performed to understand the insulation provided by 
the composite material. It was found from the 
bending tests that the benefit of the geogrid is 
utilized when it is placed closer to the base of the 
beam. At the onset of cracking, the geogrid is 
expected to sustain the loads from the 
embankment. 
 

 
 
Fig. 2. Flexural testing of composite geofoam-geogrid. 
 

Numerical models were also developed to 
investigate the behaviour of the foam when it is 
used in an embankment as insulation (thermal) 
and when a void develops underneath it 
(mechanical). The foam minimizes the heat input in 
the summer season but inhibits the heat from 
being extracted (and cooling of the foundation) 
during the winter. It was also found that the foam 
would be able to decrease the settlements and 
sustain the load imposed by the embankment if the 
void develops. Results from laboratory tests and 
numerical model presented in this study will help 
assess the effectiveness of the composite material 
as base insulator and reinforcement of road or 
railway embankments on polygonal ground and 
how embankments with RPB can be designed in 
the future. 

 

 


