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PREFACE

Polystyrene foam of differenthualities has been
tested at the National Swedish Road and Traffic
Research Institute (VTI) since 1966. The tests have
mainly been made in collabortion with the National
Swedish Road Administration, which, in 1976, issued
building technical specifications for the use of

polystyrene foam on the public roads.

In this report the properties and the function of
polystyrene foam as a frost insulating material in
roads are dealt with. The aspect of the bearing

capacity is only touched upon.
This report has been prepared with the quidance of
results from previous tests and investigations and has

been financed by the institute.

Link&ping, April, 1977

Rune Gandahl

NOTE
This report was published 1977 in Swedish in the series Rapport
as No. 126, entitled "Vdgisolering med styrencellplast', including

abstract and summary in English.
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Road Insulation with Polystyrene Foam

By Rune Gandahl

National Swedish Road and Traffic Research Institute
Fack

S-581 01 LINKOPING Sweden

SUMMARY

By insulating the base of a road with polystyrene foam
it is possible to reduce or completely to prevent
freezing in the subgrade. If the subgrade is frost
susceptible, damaging frost heavings can be avoided in
that way. The magnitude of the frost heaving depends on
the local conditions and, on the whole, on the amount
of frost. In Sweden the greatest frost heavings may
vary from 5 to 40 cm in different parts of the country
during an average cold winter. Earlier it was possible
to affect frost heaving by increasing the thickness of
the base, by draining the road structure, and by in-
stalling freezing resistance layers (bark). Now it is
also possible to prevent frost heaving by installing
heat-insulating layers, such as polystyrene foam layers.
At the same time the bearing conditions will be more

favourable to the road.

One disadvantage of heat-insulating layers in roads may
be the risk of early autumn icing. This risk is reduced
if a suitable superstructure is placed on the heat-
insulating layer. In its building technical specifica-
tions the National Swedish Road Administration
recommends a thickness of the superstructure of 50 cm,
and thus the requirements for bearing capacity are also

met.

A certain minimum of strength is required for a
polystyrene foam layer. A low thermal conductivity is
also required. The thermal conductivity determines

directly the thickness of the insulating material that
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is needed to meet the requirements for insulation. The
thermal conductivity depends very much on the moisture
of the polystyrene foam board and on the distribution
of water in the polystyrene foam board. In this respect
different qualities of polystyrene foam differ. The ex-
truded type is the most suitable one, then polystyrene
foam expanded in one step into the size of the board
comes. Both these types of polystyrene foam are of a
high quality. Polystyrene foam expanded into big blocks
and cut into boards is inferior and has proved to ab-

sorb large quantities of water in the road.

A heat insulating base consists technically of three
layers, i.e. superstructure above the insulating layer,
insulating layer and substructure below the insulating
layer, here called insulating bed. The insulating layer
has, of course, a dominating influence on the insulating
effect, but also the insulating bed constributes greatly.
In its specifications the National Swedish Road Admini-
stration has taken the importance of the insulating bed
into consideration when determining the required thick-
nesses of the insulating layer which appear from the

design table for public roads below.

Table 4. Design table of the National Swedish Road Ad-
ministration for road bases insulated with
plastic foam /7/

Average free-| Thickness of the insulating bed in mm

zing index 100 200 300 400 500 600 700
°c.d Thickness of the plastic foam layer in mm

< 500 35 30 25 20 - - -
500 - 600 40 35 30 25 20 = =
600 - 700 50 40 35 30 35 20 =
700 - 800 60 50 40 35 30 25 20
800 - 900 70 60 50 40 35 30 25
900 - 1000 80 70 60 50 40 35 30
1000 - 1100 90 80 70 60 50 40 35
> 1100 90 90 80 70 60 50 40
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Other design tables can be applied to streets, rail
roads and runways at airfields, and to certain other
objects, such as ice-rinks and buildings that are

susceptible to movements.

An insulating layer of polystyrene foam boards can be
made as a one-layer or as a two-layer system. The
advantages and the disadvantages of these two
alternatives involve water absorption and gaps
occuring between the boards. If there are no gaps
between the boards, the one-layers system is to prefer,
as a thick board absorbs a smaller quantity of water.
If, in using a one-layer system, the boards are exposed
to the risk of sliding apart, the resulting thermal
conductivity may increase considerably and the
insulating capacity may decrease to an unacceptable
value. In such cases a two-layer system is to prefer,

to which formations of gaps are of little consequence.

Transition from sections insulated with polystyrene
foam to uninsulated ones can be made by making the
layer thinner towards the uninsulated road sections.
Other methods, for instance by increasing the width of

the gaps, are also possible, but have not been tested.
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1. INTRODUCTION

By insulating the base of a road with polystyrene foam
it is possible to reduce or completely to prevent
freezing in the subgrade. If the subgrade is frost
susceptible, damaging frost heavings can be avoided in
that way. Thus the polystyrene foam has a frost pro-
tecting effect, in the first place by retarding frost
heavings and in the second, consequently, by mitigating
the reduction of the beaering capacity during thawing.
The insulating degree required depends on the base
construction, the frost susceptibility of the subgrade,
on the winter cold, and on the requirements for pre-

venting damaging freezing.

2. FROST HEAVING ON UNINSULATED ROADS

How great the frost heaving will be on a certain road
section in the winter mainly depends on the winter
cold arisen, which can be expressed as the freezing
index, i.e. as the number of negative degree days ob-
tained. The variation of the average freezing index
and the maximum freezing index in this country appears
from figure 1. Observations on test roads for several
years revealed that in the majority of cases there

is a practically rectilinear relationship between
freezing index and frost heaving. On very frost
susceptible road sections the quotient of freezing
index and frost heaving, here called the frost heaving
qguotient, amounted to 50 oC-d/cm. It was higher at
less frost susceptible locations. In the diagram,
figure 2, the relationship between frost heaving and
freezing index for three quotient wvalues, 50, 100 and
200 oC.d/cm, is exemplified. It is now possible

to estimate the variation of frost heaving in this
country if it is known how high the frost heaving
quotient is. If it has the value of 50, the frost
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heaving will vary from 6 to 36 cm during an average
cold winter for the freezing indices presented in

figure 1.
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Figure 1. The variation of average freezing index and
maximum freezing index in Sweden, ©C-day
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