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Filter fabric for improving frost susceptible soils 

Verhinderung von Frostaufbruechen in Feinkoernigen Boeden mit der Hilfe von 
Kunststoff·Filterbahnen 

Zusammenfassung 
macht es moeglich 
verwenden. 

Eine duenne, grobporige Filterschicht, nahe der Frostgrenze eingebaut, 
auch feinkoernige, kohaesive Boeden als frostsicheren Strassenunterbau zu 

Das bekannte Prinzip der kapillaren Unterbrechung durch erweiterte, luftgefuellte Poren 
wurde mit der Hilfe von modernen Kunststoff-Filterbahnen zu einer wirtschaftlichen Strassen
konstruktion entwickelt. Nach einer kurzen Einfuehrung in die Grundprinzipien des Boden
frost-Phaenomenes wird die Wirkungsweise der grobporigen Zwischenschicht anhand von Frostver
suchen im Labor demonstriert. 

Die Versuche wurden mit Bodenproben aus sehr frostgefaehrdetem Kalkschluff ausgefuehrt. 
Die Probenkoerper wurden von oben nach unten gefroren und hat ten von unten her freien Zutritt 
von IIGrundwasser. 1I Waehrend der gesamten Versuchsdauer wurden die Frosthebung, der Wasser
nachschub und die Temperaturverteilung im Probenkoerper, sowie die Lufttemparatur und die 
Temparatur des IIGrundwassers ll mit Schreibern kontinuierlich aufgezeichnet. Vier, 32cm hohe 
Bodenproben konnten gleichzeitig gefroren werden. 

Aufgrund der Versuchsergebnisse werden schliesslich Moeglichkeiten der praktischen An
wendung besprochen, wobei der Einfluss der Tiefenlage der grobporigen Zwischenschicht im 
Vordergrund steht. Feldversuche zur Erprobung der gegenstaendlichen Konstruktion sind zur 
Zeit in Oesterreich in Ausfuehrung begriffen. 

Introduction Adverse problems associated 
with frost heaving due to ice segregation 
during the freezing period, and the subse
quent temporary unstable conditions which de
velop during the spring thaws are quite fa
miliar to the highway user, the designer, and 
the researcher. 

The well known Casagrande criteria is 
adequate for .identifying a frost susceptible 
soil for the purpose described herein; one 
with more than 3% particles finer than O.02mm. 
When a slowly descending frost line reaches 
such a soil, the small ice crystals of the 
frozen pore water attract more and more free 
water, which in turn freezes forming ice len
ses up to several centimeters thick. The or
igin of the large forces causing the water 
migration towards the frost line in certain 
soils is believed to be found in the surface 
tension on the boundary between the very 
small ice crystals and unfrozen pore v~ater 
(Ruckli 1950, Williams 1967). Prolonged pe
riods of near stationary frost line lead to 
large ice lenses. When these melt in the 
spring thaw, the excess water released into 
the soil causes a severe softening and reduc
tion in bearing capacity. 

Solutions to the frost problem might 
include thermal insulation (Behr 1967, Reng
mark 1965), chemical treatment of the soil 
(Kronik 1969), complete encapsulation of 
soil to prevent water content changes 
(Proksch 1964), additionally reinforced 
pavement construction to get over the peri
ods of soil softening in the spring thaws 
(Schnitter 1959), cement or lime stabiliza
tion of' soil (Brandl 1967, ,Ialker 1965) or 
finally, the most common method, the re
placement of the frost endangered soil with 
gravel. 

This paper is concerned with a method 
to prevent the water migration towards a 
freezing zone by a thin, intermediate layer 
of coarse gravel sandwiched between two 
sheets of' f'ilter fabric (Roth 1974). 

Theoretical View For the growth of ice 
lenses in a soil, a well ~un~tioning connec_ 
tion with a water reserVOlr lS necessary_ 
In most cases, the connection is provided by 
"'mterfilled capillaries ex+-ending from the 
ground water table up to the freezing zone. 
The maximum capillary head of 359.2cm for. a 
silt with d10 = O.006mm given by Lambe and 

23 



Whitman (1969) shows the enormous height up 
to loJhich capillary water can rise in fine 
grained soils, thus making them highly frost 
susceptible. 

A small ice crystal forming in the upper 
part of such a capillary will not grow down
wards, but will stay in place, lifting the 
material above by growing bigger and bigger 
(Ruckli 1950). At the same time, the surface 
tension of the interface ice/water creates a 
negative pore water pressure which is respon
sible for a continuous water flow in the cap
illary providing the necessary water supply 
(Williams 1967). 

If a capillary tube is interrupted by an 
air filled void so large that it is impos
sible to be bridged by capillarity, the con
nection is interrupted. If all capillaries 
in a soil could be interrupted in such a way, 
the soil would no longer be frost endangered. 
An economical and effective method to provide 
this interruption would be the installation 
of a thin but coarse gravel layer below the 
frost-line. The thickness and grain size of 
this layer must be governed by the necessity 
to prevent any direct connection between the 
upper and the lower soil layer through water 
filled pores. 

Lambe and Whitman (1969) give the satu
ration capillary head hcs = 6cm for a gravel 
with d10 = o.82mm. However, for the particu
lar frost problem, no water filled capillary 
should extend up tothe frost line. The max
imum capillary head thus governs the gravel 
layer 1 s thickness. The former can be twice 
the value of the saturation capillary head or 
more. Since there are no exact data avail
able, the author suggests the minimum propor
tions for the intermediate gravel layer be 
10cm thick with a minimum grain size of 4mm, 
based on the laboratory tests he carried out 
(Roth 1974). 

Laboratory Tests A number of laboratory 
frost heaving tests were performed with silty 
soil with and without the gravel layer in a 
specially designed frost laboratory facility 
at the Technical University Graz, Austria 
(Roth 1974). 

A sketch showing the basic arrangement 
of one of four identical test chambers is pre
sented in Fig. 1. The testing specimen was 
14cm in diameter and 32cm high. The top of 
the sample was sealed to prevent evaporation, 
and the bottom had free access to water. The 
outside temperatures at the top and at the 
bottom of the sample could be separately con
trolled. The upper half of the sample was 
surrounded by rings to allow almost friction
free vertical expansion. A thermal couple 
probe monitored the temperature at a selected 
location in the sample. Vertical heave and 
water intake were also recorded. 

A grain size distribution curve for the 
frost sensitive soil used in all the tests is 
shown in Fig. 2. It was a fairly well graded 
silt material derived from ready prepared raw 
material used for cement production. All 
samples were prepared by compacting with a 
Standard Proctor hammer (5.5lb, 3in drop) 
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Fig. 1 Frost Test Chamber. 
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using a compaction energy of 30 kgm/dm3. 
The compaction water content was 16 to 18% 
which was close to optimum. The resulting 
dry density was 1.7 gros/cm3 and the porosity 
n = 35%. 
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Reference Test The test set up and thE'- re
sults of a typical frost heaving test are 
shown in Fig. 3. The temperature at the bot
tom of the sample, v:hich had free access to 
water was held constant above freezing at 
+8°c. The temperature in the top chamber 
""hich housed the top part of the sample, was 
held constant below freezing at _20°C. 

'The recorded time his tory of frost heave, 
water migration and temperature in the middle 
of the sample is shown in Fig. 3. Almost im
mediately the water started to flow into the 
sample, and the top of the sample began to 
move up. The mid-point temperature dropped 
to about +2°C and remained constant, indica
ting that the frost line must have been close 
to but slightly above the location of the 
temperature probe. After thre€ days, an 
equilibrium condition was reached with 61mm 
heave and 590ml of water intake. This was 
used as the reference test and provided a ba
sis for comparing the results of the other 
special tests. 

Tests with Thin Intermediate Layer of Gravel 
in Frost Susceutible Soil The effect of an 
intermediate layer of gravel in a frost sus
ceptible soil is illustrated by the test data 
shown in Fig. 4. In this test, a 6cm thick 
layer of clean 4 to 8mm diameter gravel sand
wiched between two sheets of filter fabric 
was placed in the soil column above the water 
table as shown. 
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The time history of measured data in
dicates that within less than one day, the 
frost line had extended down below the tem
perature probe. However, since the temper
ature at the probe remained constant at _2°C, 
it is unlikely that the frost line,extended 
into or below the gravel. Thus all, or at 
least the lower part of the gravel, remained 
unfrozen. This conclusion is further sub
stantiated by the measured water intake and 
heave of the top of the sample which were 
both almost zero throughout the four-day du
ration of the test. The small amount of 
heave and water migration which was recorded 
could readily be explained in terms of mois
ture migration in the vapor phase (Jumikis 
19M). 

The test results shovm in Fig. 4 demon
strate the beneficial effects of inserting a 
gravel layer into a frost susceptible soil 
below the frost line. This gravel breaks 
the continuous "water filled capillaries of ... 
the silt, and thus prevents water migrating 
from the water reservoir up to the frost 
line. 

Another type of test with a gravel lay
er inserted in the frost susceptible soil 
column is illustrated in Fig. 5. In this 
test, the gravel layer was placed higher in 
the soil, so that the frost line would even
tually extend below it. During the first 
1.7 days, the temperature probe below the 
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Fig. 3 Reference Frost Heaving Test. 
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Fig. 4 Test with Frost Line Above the Gravel Layer. 

gravel indicated that the frost line had not 
reached that depth and was, therefore, some
where within or above the gravel. This is 
the same situation as in the test shown in 
Fig. 4 in regard to the relative position of 
the frost line with respect to the gravel. 
Like_wise, as in the test shown in Fig. 4, 
there was virtually no water migration or 
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heaving of the top of the soil. 

In order to move the frost line into the 
lower part of the sample, the temperature~ on 
the top and bottom were each lowered by 5 c. 
The sample immediately responded. As indi
cated in Fig. 5, the temperature at the probe 
below the gravel soon dropped below O°C, in-
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dicating that the frost line had penetrated 
below the gravel layer. Coincident with this, 
water began to flm-! into the sample, forming 
ice lenses at the frost line and causing the 
top of the sample to heave. 

Conclusions and Practi,cal Application The 
above described data clearly demonstrate that 
frost heaving can be prevented by a gravel 
layer below the frost line which intercepts 
the capillary link in the water migration 
path to the frozen soil. The gravel need 
not be a continuous layer from the surface, 
but only a relatively thin layer sand\dched 
between zones of frost susceptible soil as 
shown by the tests in Figs. 4 and 5. 

In order to function correctly year af
ter year, the gravel layer must remain clean 
and free of contaminating fines. To prevent 
this contamination from occurring. it is 
necessary to provide a protective filter be
tween the gravel and the silt. It is pro
posed to use a material such as a non-woven, 
synthetic fiber filte~ fleece. The filtra
tion characteristics of a non-woven fabric 
filter has been investigated by W.J. Rosen 
(1975), and it is shown that this material 
can be used for a wide range of soil condi
tions. 

If the frost line extends below the 
gravel layer, ice lenses will form at the 
frost line and cause some heaving. Because 
of this, it wouldbe desireable to place the 
gravel layer as deep as possible. However, 
if as shown in Fig. 6a, the gravel layer is 
placed too deep so that the frost line re
mains a considerable distance above it, the 
gravel may not provide complete protection 
from ice segregation. Water in the void 
spaces in the fine soil above the gravel may 

be drawn to the ice crystals at the frost 
line in sufficient quantity to cause sig
nificant ice lense growth. Thus, it is not 
advisable to place the thin intermediate 
layer of gravel excessively deep. 

An ideal arrangement is shO'lrJTI in Fig. 
6b, where the thin layer of protective gra
vel is placed at or below the frost line. 
Unfortunately, the depth of the frost line 
may vary from year to year, and therefore, 
this ideal location cannot be accurately 
known. 

It is quite likely that in some in
stances the frost line may extend below the 
gravel, as indicated in Fig. 6c. In this 
case, the gravel layer still prevents signi
ficant ice lenses from forming in the upper 
~ayer as the frost line is descending, but 
lce lenses can form below. However, their 
thickness- and effect are reduced by the 
weight of the overburden soil which provides 
a surcharge pressure at the level of the po
tential ice lense formation (Williams 1967). 
Also during spring thaws, this thick zone of 
protected soil above the gravel will provide 
dist:ibution ?f traffic loads, preventing 
bearlng capaclty failure or significant rut
ting when the ice lenses melt below the gra
vel. Finally, the presence of a gravel lay
er near the zone of ice lenses in the soil 
provides an excellent drainage path for the 
excess water. 

At the pres-ent -iJime, field tests are 
underway in Austria in order to demonstrate 
the practical v_alue of this method. Irhe fil
ter fabric used in all laboratory and field 
testing is "Linz-PP-nonwoven fabric" pro
duced and marketed by CHEMIE LINZ, AG, Linz, 
Austria. 
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