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Recommended design thermal and mechanical properties for frost insulation materials 
in Finland 

Propriétés thermiques et mécaniques de conception recommandée pour des matériaux d'isolation 
contre gel en Finlande 

S. Saarelainen 
Technical Research Centre of Finland, Finland  

ABSTRACT
The recommended design values of thermal conductivity and mechanical properties are presented for most common frost insulation 
products applied, for instance in Finland. The thermal conductivity is a product characteristic affected by moistening. The design
value should always be determined as frozen. The earth structure should be so designed that the mechanical strength of the product is 
high enough compared to the induced stresses, and that the permanent deformations are admissible. 

RÉSUMÉ
Les valeurs recommandées de la conductivité thermique et des propriétés mécaniques pour la conception sont présentées pour la plu-
part des produits communs d'isolation utilisés par exemple en Finlande. La conductivité thermique est une caractéristique de produit
affectée par le mouillage. La valeur de conception devrait toujours être déterminée en condition gelée. L’ouvrage devrait être conçu 
de sorte que la résistance mécanique du produit soit assez élavée par rapport aux efforts induits, et que des déformations permanentes
soient admissibles. 

1 FROST INSULATION 

1.1 General demands 

-  Design according to pavement quality (frost heave dam-
age)

- Overlay: thickness based on the control of slippery 
- Underlay: drainage and frost penetration delay 
- Should operate over the pavement lifetime 

Important properties: 
-  thermal conductivity 
- life cycle properties 
- Moisture pickup and influence 
- Loading capacity (static and dynamic stresses) 
-  frost endurance 

1.2 Thermal conductivity 

Insulations are porous, granular or monolitic materials and 
thermal conductivity results mainly from air porosity. Other 
important factors are density and thermal conductivity of the 
solid material, and moisture or ice content. Frost insulations 
are designed to function when frozen. 

1.3 Loading capacity 

The insulations should be designed so that their permanent 
deformations are negligible during the lifetime, considering 
the static loading, dynamic loading and cyclic loading. 
Stresses can be controlled by pavement design.  

The critical situation may be during construction, when the 
mechanical protection of the insulation is weakest. 

1.4 Drainage

Insulations should be protected against moisture pickup. Ac-
cess of gravitational water should be minimised from above. 
From below, the capillary rise should be minimised, and 
pavement should be drained so that groundwater does not get 
in touch with insulation. in a time span of 30-50 years, all the 
insulation materials are permeable, and no watertight material 
is available. The final moisture contents may depend on the 
moisture tension characteristics of the insulation material and 
on the water pressure level at the insulation.  

2 CHARACTERISTICS OF FROST INSULATION 
MATERIALS 

2.1  Extruded polystyrene board (XPS) 

Table 1. XPS-insulation, recommended maximum stresses in long- 
and short-term loading  /1/. 

*)XPS 200 has at 2% compression a compressive stress of 200 kPa  

Product* Long-term loading (com-
pression about 1%), kPa 

Short-term loading (compres-
sion 2% or at yield stress), kPa 

XPS 200 90 200
XPS 300 140 300
XPS 400 180 400
XPS 500 225 500
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2.2 Mould expanded polystyrene board (EPS) 

Table 2. EPS insulations, moulded with continuous method, recom-
mended maximum stresses in long-and short-term loading  /1/. 

2.3 LECA (Lightweight Expanded Clay Aggregate) 

Loading capacity of LECA and LECA-concrete is good. Al-
lowed stress levels are: 
- Loose, granular LECA, allowed loading 200 kPa 
- LECA-concrete, density 400 kg/m3, allowed loading 

400 kPa 
- LECA-concrete, density 550 kg/m3, allowed loading 

1000 kPa 
- Compression at allowed stress levels is negligible. 
- Long-term moisture content in good drainage condi-

tions is 8-12 vol.-%, and unfrozen thermal conductivity 
about 0.15 W/Km and frozen thermal conductivity 
about 0.17 W/Km /1/. 

2.4 Other insulation products and materials 

Frost insulation can be constructed using any material that 
- Can be reliably installed in the pavement structure 
- Is endurable under life-cycle loading 
- Keeps its insulation property over the lifetime 

Frost insulations have been mainly constructed using XPS-
products. In test construction of pavements, also other materi-
als like sod peat, metallurgical slag, crushed slag and peat 
have been applied. Most important properties are moisture 
pickup and mechanical endurance provided that the product is 
environmentally accepted. In practice, very significant limita-
tions of use may be caused by the availability and site price of 
the material. 

3 DESIGN THERMAL CONDUCTIVITY OF THE 
INSULATION MATERIALS AND DETERMINATION 
OF THICKNESS 

3.1 Conditions of installation 

The conditions of installation in respect to moisture pickup 
conditions can be specified as normal and severe conditions. 
Difficult conditions lie there between. All the aspects need 
not to be valid at the same time.  

In the determination of recommended thermal conductivity 
and loading capacity values for pavements, it was required 
that the materials preserve their properties for 50 years 

3.1.1 Normal conditions 
Insulation is not in direct contact with ground water, under 
laying layer is properly drained, the road is surfaced with as-
phalt or concrete, or the insulation is inclined and protected 
above with a plastic foil or similar.  

3.2 Difficult conditions 

Frost insulation is installed above groundwater level, but dur-
ing wet season, groundwater may occasionally rise up to the 
insulation level, surface water may occasionally infiltrate onto 
the insulation (permeable pavement surface. 

3.3 Determination of Insulation thickness 

In the determination of the design values of thermal conduc-
tivity for different materials a safety margin of 10% has been 
included due to method of installation, permanent compres-
sion and other influences.  

The recommended minimum thickness of an insulation 
board is 50mm. Thinner boards are not recommended due to 
the damage risk. 

Recommended values of design thermal conductivity of 
most common insulation materials are presented in Table 3. 

The thickness of the insulation layer (de) is determined 
from Eq. (1) or Fig. 1. 

de  = mr • �des           (1) 

where  de is  insulation thickness, m 
mr    demanded thermal resistance of the frost 
insulation, m2K/W (is determined in the frost de-
sign)
�des  design thermal conductivity, W/Km. 

The thermal conductivity values are based on test results 
applying standard EN 12667, and the result has been cor-
rected considering moisture pickup and permanent compres-
sion as described above. 

Table 3. Recommended design thermal conductivity (�des, W/Km) for 
some insulation materials /1/. 

Product λdes, W/Km 
Normal drainage 
conditions

λdes, W/Km 
Severe drainage condi-
tions

Extruded polysty-
rene XPS 
XPS 200 
XPS 300 
XPS 400 
XPS 500 

0.041 
0.041 
0.045 
0.045 

0.045 
0.045 
0.05 
0.05 

Mould expanded 
polystyrene EPS 
EPS 120 Frost 
EPS 200 Frost 
EPS 300 Frost 
EPS 400 Frost 

0.05 
0.041*) 
0.041*) 
0.041*) 

0.06 
0.05*) 
0.05*) 
0.05*) 

LECAKS 420  
0.16 0.20 
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Product Long-term loading (com-
pression about 0.4%), kPa 

Short-term loading (com-
pression 10%), kPa 

EPS 120 Frost 35 120 
EPS 200 Frost 60 200 
EPS 300 Frost 90 300 
EPS 400 Frost 120 400 
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