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Twenty-Year-Old Test Road with an 
EPS-Concrete Base in Austria 

JOHANN H. LITZKA AND HERALD PIBER 

In L 97 l a test road with an expanded polystyrol (EPS)-concrete 
base was constructed in Austria at an altitude of about 1000 m 
above sea level. The expanding of the raw material and the pro
duction of the concrete took place on the construction site. During 
severa l years the test road was intensively investigated. Recently, 
interest in this construction method has grown again because of 
an abundance of available recycled EPS from the packaging in
dustry. Above all. the analysis of the measured data of that time 
has shown that the EPS-concrete base almost completely pre
vented the penetration of frost into the subsoil. This was advan
tageous in view of an approximately uniform bearing capacity in 
the course of the seasons. Compared to the usual standard struc
ture however, there was a slightly increased risk for the formation 
of black ice in winter and ruts in the asphalt during the summer. 
Part of the concealed joints that were laid out at the time of the 
construction of the EPS-concrete base are now visible as reflec
tion cracks at the surface of the 18.5- or 22.5-cm-thick asphalt 
overlays. Further tests should help to find out whether it is pos
sible to do without these transverse concealed joints. 

In 1971 a test road was constructed in Austria in which the 
unbound bases of the pavement were replaced by an expanded 
polystyrol (EPS)-concrete layer. The aim was to investigate 
the insulating effect of this layer with regard to the penetration 
of frost into the subsoil. In this way, the basis for this alter
native method of construction should be created, especially 
for areas where the appropriate gravel as construction ma
terial for road bases is not available (1). 

The comparison of construction costs at that time showed 
rather unfavorable results for the construction method with 
EPS-concrete (15 to 20 percent higher costs). Additionally, 
there were problems in preparation of raw material at the 
construction site because of low capacities of the plants for 
production of the concrete. Good market conditions in other 
fields consequently resulted in decreasing interest of industry 
in enhancing the use of this material in road construction. All 
that contributed to the fact that after about 6 years of intensive 
investigations and measurements, the test program was sub
stantially reduced. From that time onward, measurements 
were carried out only sporadically. 

Recently, this method of construction has gained new ac
tuality (2). The EPS processing industry, which primarily pro
duces packaging material, has voluntarily started to take back 
and recycle the used material. Only a small percentage of the 
salvaged material can be used for the production of new pack
aging. For this reason, the packaging industry is looking for 
additional possibilities for the use of the recycled raw material. 

J. H. Litzka, Technical University of Vienna, Gusshausstrasse 28, 
A-1040 Vienna, Austria. H. Piber, State Authority of Carinthia, 
Dept. 17/BT, Josef Gruberstr. 13, A-9020 Klagenfurt, Austria. 

A highly attractive possibility is road construction, where huge 
amounts could be used. This recent development led to a 
resumption of the described road test, since the road is still 
under traffic today. 

DESCRIPTION OF THE TEST ROAD 

Site 

The test road is a section of the Turrach federal road B-95 in 
Austria between Kilometers 41.0 and 42.0. This road runs 
along an alpine high valley at an altitude of about 1000 m and 
is situated south of the main crest of the Alps. The section 
has a flat alignment without any considerable inclination. 
The cross section of the road consists of a 7 .6-m wide pave
ment and shoulders of 1.2 m on each side. The total width 
is 10.0 m. 

Climate 

Figure 1 shows the average monthly air temperatures . Freez
ing temperatures occur on 154 days per year on the average. 
The relevant frost index, which is determined from the daily 
average values received during an observation series of 25 
years, is 700°C.d. The average yearly precipitation is 1,050 
mm, with an average of 37 days of snowfall and a medium 
snow depth of 520 mm. 

Traffic Load 

Between 1970 and 1985, the traffic load on the test section 
was about 2,500 vehicles in 24 hr. The average daily heavy 
traffic is about 150 trucks in 24 hr. For a pavement test road, 
a traffic load like this is very low. This fact had to be accepted 
for organizational reasons when the test road was planned. 
However, this does not pose any disadvantage in determi
nation of the frost penetration depth. 

Pavement 

The structure of the test road is shown in Figure 2 . Three 
different sections with EPS-concrete bases were constructed . 
The main section consists of an EPS-concrete base of 22 cm 
with a total of 18.5 cm asphalt overlay. The thicknesses of 
the EPS and asphalt layers were varied in the two other sec-
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FIGURE 1 Monthly air temperatures. 

tions in order to determine the influence of the different layer 
types on the pavement performance. 

The adjacent road sections were built as standard construc
tions (asphalt base on unbound base layers) and served as 
reference sections. The thickness of the pavement had been 
calculated by the Institute for Road Construction at the Uni-

EPS 1 

200 m 

® 
1=ASPHALT WEARING COURSE 

2=ASPHAL T ROAD BASE 

3=EPS-CONCRETE BASE COURSE 
4=UNBOUND GRANULAR ROAD BASE 
5=UNBOUND GRANULAR SUB-BASE 

6=1MPROVED SUBGRADE (CAPPING LA YER) 

7=1MPROVED SOIL (REPLACED MATERIAL) 

8=SUBGRADE, NATURAL GROUND 

FIGURE 2 Structure of the test road sections. 
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versity of Technology in Munich (3). In this dimensioning, 
not only aspects of the bearing capacity but also the desired 
avoidance of frost penetration into the subsoil were taken into 
account. Compared to the specifications for standard pave
ments in Austria today ( 4), this asphalt pavement is certainly 
overdesigned. When taking into account the climatic condi
tions, the thickness of the unbound base meets the require
ments according to Austrian experiences (5). 

Material Properties and Construction 

Subsoil 

The subsoil consists of a morainal material highly susceptible 
to frost, with considerable proportions of silt and loam in the 
fine fraction range. An especially unpleasant effect was the 
heavy decrease of the bearing capacity when the moisture 
content was slightly increased (CBR = 50 percent with a 
moisture content of 5. 7 percent but only 4 percent with a 
moisture content of 7.6 percent). To safeguard sufficient ser
viceability during the time of construction, a leveling course 
(bedding) about 30 cm thick of local, non-frost-proof gravel 
(0/63 mm; 6.7 percent< 0.02 mm) was applied on the subsoil 
of the test road. 

£PS-Concrete 

The EPS-concrete layer had the following composition: 420 
kg/m3 cement (PZ 275 or PZ 375), 140 kg/m-' sand Oil mm, 
140 kg/m3 water, 18 kg/m3 EPS material, and l kglm' bonding 
agent (Laromin, Epicote), totaling 719 kg/m3 . The mean val
ues of the compressive and the bending tensile strength of 
this layer are presented in Table 1. 

The EPS-concrete was mixed in a batch-type plant at the 
construction site and was transported by open trucks to the 
point of placement. The placing was carried out by means of 
a road finisher in two strips, each 5 m wide. Through this 
width, the heat-insulating base could become about 1 m wider 
on both sides of the pavement. Thus, it was possible to prevent 
the lateral penetration of frost into the subsoil under the 
pavement. To avoid the formation of irregular shrinkage cracks, 
notch joints were made every 5 m. The fresh concrete was 
protected from drying out too quickly by moistening. After 
about 4 to 6 days the finished layer could be used by the 
construction traffic. At that time, also, the first layer of the 
asphalt base was placed. Use of the faster-setting cement 
quality PZ 375 showed advantages because it made the road 
more readily available for traffic. 

Asphalt 

The bituminous base 0/25 mm with a 5.7 percent content of 
binder B 100 (100 pen bitumen) was placed in two layers. The 
mixture was produced according to a standard mix formula. 
Before the placing of the asphalt base, the EPS-concrete layer 
was spray-coated with bitumen emulsion to achieve a good 
bonding of the layers. The hot asphalt layer also melted the 
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TABLE 1 Mean Values x and Standard Deviations s of Compressive and 
Bending Tensile Strength or the EPS-Concrete 

after 7 days 
after 14 days 

Compr~ssive strength 
(N/mm) 
cube 20x20x20 cm 

x; 1.9 
x; 2.7 

s; 0.5 
s; 0.5 

EPS layer slightly, which resulted in an extraordinarily good 
bond, as drilling cores confirmed. 

For some time, the traffic traveled directly on the asphalt 
base. The 3.5 cm-thick-asphalt wearing course was placed in 
1973. It is composed of a standard type mixture AB 12 mm, 
with a 6.5 percent content of binder B 100 (100 pen bitumen). 
Diabase chipping was used as aggregate. Today, this wearing 
course shows considerable damage (cracks and raveling) in 
some areas of the test sections and the reference section. 
Cores taken from the asphalt layers showed that all cracks 
were restricted to the surface layer. The present experience 
of the road administration shows frequent problems with this 
type of wearing course under similar conditions, namely after 
exposure to low winter temperatures. 

MEASUREMENTS AND INVESTIGATIONS 

Measurement of Temperatures 

The temperature profile within the road structure was mea
sured by means of an electric resistance thermometer. In each 
test section a measuring point was placed under each of the 
in di vi dual layers. Additionally, the air temperature and the 
temperature of the road surface were recorded. The analysis 
of the results of the temperature measurements showed that 
the insulating EPS-concrete layer essentially reduced frost 
penetration. In the standard structure, frost penetration was 
considerably deeper than 1 m below the surface of the pave
ment. This fact allowed the freezing of the subsoil and the 
possible formation of ice lenses. The EPS-concrete sections 
showed considerably less frost penetration and less frequent 
freezing temperatures in the subsoil. Table 2 presents the 
temperatures measured on a cold winter day during a cold 
spell. The temperatures at the different layers can also clearly 
be seen in Figure 3, which shows the frequency of minus 
temperatures at various depths in the course of a winter. 

Bending tensile 
strength (N/mm2) 
beam 12x 12x36 cm 

x "' 1.2 
x .. 1.3 

s; 0.3 
s; 0.1 

In the EPS 2 section the zero-degree isotherm was below 
the formation level on only 50 days, and in that winter tem
peratures below - 2°C never occurred underneath the EPS
concrete base. In the control section with a standard structure, 
however, the zero-degree zone reached at least 1 m on 110 
days. On 5 days the temperature at the bottom of the unbound 
base reached - 3°C, and on almost 70 days - 2°C was mea
sured. Therefore, the formation of ice lenses was possible. 
Both sets of data prove the strong insulating effect of the 
EPS-concrete base, which almost totally prevents the pene
tration of frost temperatures into the subsoil. 

From the temperature measurements, another comparison 
may be derived. Figure 4 shows the cumulative frequency 
curves of freezing temperatures at the road surface of the 
investigated structures during a winter period. The basis for 
the summation curves is the temperature at 8 a.m., when the 
daily temperature is about its minimum. It turns out that the 
summation curve for the road section with an EPS-concrete 
construction lies higher than the one for the conventionally 
constructed road. In the EPS section, freezing temperatures 
on the surface of the road were more frequent than in the 
standard construction, which indicates a greater risk that the 
formation of black ice or hoarfrost will occur. 

On the other hand, it can be concluded that as a conse
quence of the insulating effect of the EPS-concrete layer, 
there will be higher asphalt temperatures in summer, which 
may increase the risk of rutting. Similar results have been 
reported by Gandahl (6) and Gustafson (7) from measure
ments on test fields with different insulating layers. 

Comparison of Pavement Conditions 

The differences of the temperatures at the surfaces of the 
pavements may also be compared and evaluated according to 
the appearance of the various surface conditions of the roads. 
As a mean value for six winters, Figure ) shows the chron-

TABLE 2 Temperature Profile Within the Structure: Cold Winter Day During a 
Cold Spell, Air Temperature of -19°C, All Measurements Made at 8 a.m. 

Structure Standard EPS 1 EPS 2 EPS 3 

Surface of pavement ·15"C -15"C -14"C -15"C 
bottom of asphalt layer -12·c -11"C -12·c -12·c 
bottom of EPS-concrete -1.5"C O"C -1·c 
68.5 cm below surface o·c +0.5"C +0.5"C 
formation level -4"C 
1.00 m below surface -2·c o·c +2"C +2"C 
o·c limit below surface >100 cm 70 cm 40 cm 60 cm 
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FIGURE 4 Summation curves of minus temperatures on the 
road surface, winter 1972-1973 (measured at 8 a.m. ). 
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ological distribution of different roadways conditions (dry , 
wet, and hoarfrost and black ice) for the standard construction 
section and the EPS 2 construction section. 

Evidently, the surface of the EPS-concrete section dries 
more slowly. More serious is the higher percentage of days 
on which black ice may occur (hoarfrost and ice). 

Measurements of Bearing Capacity 

The bearing capacity of the construction was evaluated by 
means of static deflection measurements according to the op
tical method (precision leveling instrument). The results are 
presented in Table 3. 

The deflection of the stiffer EPS-concrete base construction 
is lower than the reference construction in spring, summer, 
and autumn. In the winter it is quite contrary, which can be 
explained by the frozen subsoil in the standard construction 
section. On the whole, the deflection values are low. This 
fact hints at the overdesign of the pavement . 

Analyses of Pavement Condition 

Today, after 20 years of service, the test road is in an average 
condition. Besides surface deficiencies in the wearing course, 
which are mainly due to poor performance of the bituminous 
mixture at low temperatures, there are several transverse cracks 
within the EPS sections. The cracks are reflection cracks above 
the notches or construction joints of the EPS-concrete base 
(see Table 4). Table 4 shows that there are far fewer reflection 
cracks in the EPS l section, which has a thicker asphalt over
lay, than in the two other sections. In the standard section 
no transverse cracking appeared . In some sections there are 
also longitudinal cracks in the middle of the road and alligator 
cracking. From drilling cores it could be concluded that most 
of these cracks were restricted to the wearing course. To a 
certain extent, the longitudinal cracks may be assigned to 
settlements in the soil body, which occurred where the fill 
was broadened. Because of its present condition, the test road 
is scheduled to receive a new wearing course within the next 
years . 

STANDARD PAVEMENT 

EPS-CONCRETE PAVEMENT 

HOAR-FROST SNOW

COVERED 

ICY 

FIGURE 5 Conditions of the road surface during winter. 
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TABLE 3 Mean Deflection Values of the Various Construction 
Types 

Season Asphalt- Standard EPS-concrete 
temperature section section 

Spring +9'C 0.44 mm 0.34mm 
Summer +20-c 0.44mm 0.37 mm 
Fall +TC 0.32 mm 0.27 mm 
Winter +2' C 0.13 mm 0.18mm 

TABLE 4 Condition of the EPS Test Sections in 1991 , Transverse Cracks 

Length (m) 

Number of notches and 
construction joints in the 
EPS-concrete layer (1971) 

Number of transverse cracks 
in the asphalt layer (1991 ) 

Average number of transverse 
cracks per 100 m road length 

SUMMARY 

The test road B-95 with an EPS-concrete base has been under 
traffic for 20 years. After this time in service, it can be stated 
that the sections with the EPS-concrete base have fully met 
the requirements made with respect to frost insulation and 
are not in a worse structural condition than the reference 
sections with a standard construction, except that some of the 
notches in the EPS-concrete base are visible in the asphalt 
layer as reflection cracks. 

Generally, from the experience gathered with this construc
tion method the following can be concluded: 

• Properly dimensioned EPS-concrete bases virtually pre
vent the penetration of frost into the subsoil. As a conse
quence , the formation of ice lenses, which lead to frost heav
ings during frost periods and to a dramatic reduction in the 
hearine capacity during the thawing period, can be avoided . 

• The seasonally stable E-modulus of the layer reduces var
iations in the bearing capacity during the course of the year. 

• Because of the insulating effect of the EPS-concrete base 
against the subsoil, the asphalt layer placed on top of the base 
reacts more quickly to any changes in air temperature. 

• From these results, an increased risk of black ice for
mation in winter and, thus, the necessity of more careful 
winter maintenance (salting earlier and more frequently) can 
be concluded. 

• An additional result of the insulating effect is the higher 
asphalt temperatures in summer, which increase the risk of 

Section 

EPS 1 EPS 2 EPS 3 

200 600 200 

43 127 42 

2 22.5 6.5 
(5%) (18%) (15 %) 

1.0 3.75 3.25 

rutting. For this reason, asphalt layers that are more resistant 
to deformation should be used when this construction method 
is applied. 

For new test roads in which EPS is used, the EPS-concrete 
should be produced in central mix plants, if possible , and 
transported to the construction site. In addition, further tests 
should clarify whether it is possible to do without concealed 
joints by reducing the concrete strength and thereby pre
venting the formation of reflection cracks. 
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