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Stabilization of Disintegrated Granité for Base Courses of High- 
ways Exposed to Severe Frost Conditions

Stabilisation de Granit Décomposé pour des Couches de Base Soumises à des Conditions Sévères 
de Gelée

by W. A i c h h o r n , Dr. Ing., Leiter der Strassenbauabteilung, Linz, Austria 
and

W. S t e i n b r e n n e r , Dr. Ing., Leiter der Boden- u. BaustofFprüfstelle, Linz, Austria

Summary

The authors describe how material susceptible to frost-heave was 
stabilized for base courses of roads. Importance is attached to 
laboratory tests to be made before the field work is started and the 
importance of the freezing test emphasized. By adding only a few 
per cent of stabilizing agents, such as Portland cernent, tar or sulphite 
solution, it is possible to reduce the frost heave of the material con- 
siderably, or to render it completely frost-proof. The décision as to 
which stabilizing agent should be applied in a spécial case depends on 
economic considérations. Only simple machines were used for con
struction. The constructional methods are described in détail.

Introduction

In the part o f  Upper Austria located north o f  the Danube 

river the bedrock consists predominantly o f  granité, which is 

overlain by its products o f  disintegration, as well as by fine 

soil and humus. The product resulting from the chemical and 

mechanical décom position o f  the crystalline rocks o f  the 

Bohemian m assif is termed ‘flins’. This area is comparatively 

high above sea level and consequently rigorous requirements 

as to the résistance o f  road building materials to  climatic in
fluences must be made. Since the conditions in the neigh- 
bouring parts are similar, the experience won here may be 

applied to a far larger area. The tendency to frost heaving 

depends on  the gradation o f  the flins (Fig. 1). Its disadvantages 

are its low  résistance to  mechanical and climatic influences, 
especially to  frost. It disintegrates very easily and thus develops 

frost heaving properties; ice lenses will form and soak the 

ground after thawing. For this reason, flins is not suitable as 

a sub-base for bituminous road surfaces.
In the area mentioned above there is no frost-proof material

°/o

Sommaire

Les auteurs décrivent la stabilisation des matériaux sensibles au 
gel et employés comme couche de base pour la construction des 
routes. Une gran de importance est attachée aux essais de laboratoire 
exécutés préalablement, spécialement à l’essai de résistance au gel. 
L’addition, même en faible proportions, d’un agent stabilisant 
comme le ciment, le goudron ou les lessives de sulfite, permet de 
rendre ces matériaux insensibles à l’eau et de diminuer leur capillarité. 
La choix de l’agent stabilisant varie selon les exigences économiques 
dans chaque cas particulier.

La stabilisation est exécutée avec des machines simples. La 
méthode de construction est indiquée en détail.

such as river gravel. If a frost résistant road has to be built in 

this district it is, therefore, necessary to transport large quanti- 
ties o f  suitable road building material over distances up to 

70 km, which proves very uneconomical.
For a long time the authors have been trying to find suitable 

means and procédures for a satisfactory road construction at 

low cost in this area. So far the following stabilizing agents 

have been tested : Portland cernent, lime, bituminous materials 

(especially tar) and sulphite solution. These ingrédients are 

admixed to the soil in small quantities and render it thus not 

only more compact but, at the same time, less permeable, i.e. 
more résistant to climatic influences. W hich o f  these agents 

has to be applied in a spécial case depends, apart from its 

technical suitability, on economical considérations.

Laboratory Investigations

General—When testing stabilized soil so far it was usually 

specified that a certain value o f compressive strength should be

Fig. 1
GRAIN SIZE IN M M

Grading curves: Nos. 1-5 complété soil samples; Nos. 6-12 fractions of soil samples
Courbes de granulométrie: Nos. 1-5 échantillons de sol complets; Nos. 6-12 fractions d’échantillons
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attained. British spécifications (Road Research Laboratory, 
1952) specify, e.g. that, in the case o f  stabilization with Portland 

cernent, a cylindrical test specimen (h :d  =  2:1) should have a 

compressive strength o f  17-6 kg/cm 2 under normal conditions 

and approximately 30 kg/cm 2 under severe climatic conditions; 

German spécifications require the compressive strength o f  a 

test cube to be 80 kg/cm 2. Such a high compressive strength is 

specified since it is believed that résistance to frost damage is 

thereby secured.
It is far more in accordance with the actual conditions if only 

the actually required strength o f  about 17 kg/cm 2, or even less 

than this value, is specified; this strength, however, should be 

attained under the severest conditions, i.e. after a freezing test, 
because only the conditions after a frost period are decisive for 

the résistance o f  the base course. The effect o f  the freezing is 

increased if  the test specimen, exposed to  frost on its top and 

insulated on its sides by cork scraps, is immersed in  water o f  a 

temperature from 0 to +  4° C. on its lower end, so that it may 

absorb water from below.
The authors are aware that the test conditions as described 

above will rarely exist in the field, since, when constructing a 

road, the water will be first removed by a thorough drainage 

and, besides, the base course will be protected to a considérable 

extent by a dense road surface from atmospheric water. In the 

case o f  tar stabilization it will be o f  advantage if  the water 

content o f  the base course is reduced by allowing it to dry out 

somewhat before it is exposed to frost. In the case o f  cernent 
stabilization, the situation is more favourable insofar as the 

mixing water is used up during hydration and is no longer free 

after hardening.
Testing o f  materials used in stabilization with Portland cernent—  

On the 600 m  long road section S, the subgrade o f  which is 

characterized by the soil specimens 1 and 2 (liquid limit 

LL =  41 and 35, plasticity index PI =  40, grading curves 

plotted in Fig. 1), a base course o f  cement-stabilized flins 

was constructed on the basis o f  laboratory tests described 

below.
The flins is available in the immediate neighbourhood o f  the 

site at points referred to as A  and L  and is extracted by first 
removing the overlying humus, loosening the flins by a few  

blasts and then shoving it away with a Caterpillar planer.
In Fig. 1 the flins A  is characterized by the line 3, the flins L  

by the fines 4  and 5. B oth  materials are not plastic, and their 

grain size varied greatly.
A s to  the minerai com position, it was found that the flins 

contains about 70 per cent feldspar, 25 per cent quartz and 5 per 

cent mica. Contrary to  flins L, the feldspar o f  flins A  may be 

broken by hand and has a white colour, which indicates that it 

is to  a great extent kaolinized. The mica is decomposed in both  

materials.
A s was already lenown from tests made on the site, the flins 

suffers a  graduai dégradation under the influence o f  the traffic 

and weather if  it is built in as the base course o f  a road. In 

order to substantiate this experience by laboratory tests and 

obtain further information as to the strength o f  the flins the 

grain size fraction î% mm was subjected to a stress application  

cycle o f  10 load alternations from 0 to 10 kg/cm 2 and sieved 

after the compression test. In addition, the fractions 35 to 18, 
18 to 6, 6 to  2 and 2 to 0-4 mm were subjected to  a freezing- 

thawing test with 25 alternations from — 20° to +  20° C. and 

each o f  these samples was afterwards sieved. The results o f  

these tests are shown in  Tables 1 and 2. It can be seen from  

there that, in both cases, after the compression test as well as 

after the freezing test, dégradation took  place, that for flins A  

being greater than that for flins L.

The purpose o f  the following tests was to  determine the 

quantity o f  Portland cernent to be admixed to flins L  in  order 

to obtain a sufKcient strength in test pieces. The values refer-

Table 1

Dégradation during compression test 

Réduction de la granulométrie au cours de l’essai de compression

Flins ‘A ’ Flins ‘L ’

Original values Dégradation Original values Dégradation

Grain size 
mm

Weight

g
Weight

g
% Grain size 

mm
Weight

g
Weight

g
%

12-5 5705 3257 57 12-5 5499 2632 48

Table 2

Dégradation during freezing test 

Réduction de la granulométrie au cours de l’essai de gélivité

Flins ‘A ’ Flins ‘L ’

Original values Dégradation Original values Dégradation

Grain size Weight Weight % Grain size Weight Weight %
mm g g mm g g

35-18 2103 449 21 35-6 3357 659 20
18-6 6520 712 11 — — — —
6-2 5573 365 7 6-2 5797 331 6
2-0-4 5150 826 16 2-0-4 5377 516 10

ring to the flins A, as far as they have been determined, are 

added in parentheses.
Table 3 shows the loss o f  weight the cylindrical test pieces 

stabilized with Portland cernent suffered after they had been 

subjected to a durability test according to the American spécifi
cations (AASH O, T 135 and T 136-45). The listed losses of 

weight are considered admissible.

Table 3

Durability tests (AASHO, T135, T 136-45)
Essais de durabilité (suivant AASHO, T 135,

T 136-45)

Cernent content

%

Loss in weight

Wetting and
drying test

°//o

Freezing and 
thawing test 

0//o

5 6-6 12-2
7 0-6 0-7
9 0-5 0-3

N ext, the compressive strength o f  prismatic test pieces 

(7/7/14 cm) was determined, after 38 days curing in  a damp 

atmosphère as well as after 7 days curing and additional 12 

cycles o f  wetting and drying, or freezing and thawing (38 days 

altogether), according to the spécifications for the above- 
mentioned durability test (except brushing). The results are 

shown in Table 4.
In the following tests the frost conditions were intensified, as 

described in the first section, by partly immersing the specimens 

in water. After 7 days (3 days in  the case o f  the high early 

strength cernent) curing in a damp atmosphère the specimens 

were subjected to a temperature o f  — 10° C. for 6 days while 

immersed 1 cm deep in  water. The results given in  Table 5

90



Table 4
Compressive strength after curing and durability tests. Results for 

flins L. During the freezing test the specimens were placed on 
water saturated blotters 

Résistance à la compression après la conservation et les essais de 
durabilité. Résultats obtenus avec les ‘flins’ L. Au cours de 
l’essai de gélivité les éprouvettes sont placées sur des buvards 
saturés d’eau

Standard Portland cernent

Type o f test 5% 7%

Compressive strength in kg/cm2

38 days curing only 42-8 56-5

7 days curing and 
31 days wetting-drying test

37-8 51-5

7 days curing and 
31 days freezing-thawing test

20-1 24-2

Table 5

Compressive strength after curing and freezing test. Results for 
flins L  (results for flins A in parentheses). During the freezing 
test the specimens were immersed 1 cm deep in water 

Résistance à la compression après la conservation et l’essai de gélivité. 
Résultats obtenus avec les ‘flins’ L  (Résultats des ‘flins’ A entre 
parenthèses). Au cours de l’essai de gélivité, les éprouvettes 
étaient submergées dans l’eau jusqu’à 1 cm de profondeur

Cernent content

Type o f test Cernent 5% 7%

Compressive strength 
kg/cm2

7 days curing
Standard Portland 

cernent

26-2 (15-1) 33-7 (19-1)

7 days curing and 
6 days freezing test

17-1 (16-2) 29-4 (27-2)

3 days curing and 
6 days freezing test

Portland cernent of 
high early strength

17-1 (17-1) —

show that the strength o f  the specimens made from flins L  after 

freezing is approximately the same as that o f  the specimens 

made from flins A . This resuit is somewhat surprising, since 

the values o f  the compressive strength determined after 7 days 

curing without frost for these two materials differed in the ratio 

1 -75:1. In view o f  the fact that under these severe test con
ditions a compressive strength o f  17-1 kg/cm 2 was attained, a 

cernent content o f  5 per cent was considered sufïïcient and, in 

the fall o f  1955, the base o f  the 600 m long test road S  was con- 

structed with 5 per cent cement-stabilized flins L.

About one m onth after the stabilization, during which time 

the air température was mostly around freezing point, square 

samples with a side length o f  20 cm were eut from the hardened 

base course and, by mortaring two o f  these plates upon each  

other, approximately cubical test pieces made which were sub- 
jected to  compressive tests. In view o f  the low  température 

during the hardening period the determined values o f  the com 
pressive strength varying between 30 and 60 kg/cm 2, as listed 

in Table 6, must be considered very satisfactory.
Testing o f  materials used in the stabilization with tar—The 

subgrade o f  the 2 km long road section D  consists o f  silty soils 

(plasticity index PI =  0). Stabilization was here very urgent,

Table 6

Compressive strength of base stabilized with ciment 
Résistance à la compression d’une couche de base stabilisée 

au ciment

Cernent
Compressive strength

Days after 
stabilization

Layer content
y/o

h/a*
Individual

reading
kg/cm2

Mean value 
kg/cm2

l a 6 0-913
0-948

55-8
55-7 55-8 54

I 5 1-018
0-921

50-5
52-1 51-3 55

11 ao 6 1-22
1 -29

53-7
50-1 519 42

II au 6
1-472
1-509
1-468

33-7
34-6 
36-7

35-0 43

II 0 5 1-421
1-54

29-4
31-3 30-3 60

43

II u 5 0-935 68-0 68-0 70

m h  =  height o f  specimen a  =  side length o f  specimen

since the 20 cm thick gravel base and sub-base course pf the 

existing road proved absolutely unsatisfactory during the thaw- 
ing period and suffered frost-heaves up to 60 cm. It is intended

S A M P L E

Fig. 2 Results of freezing tests
Résultats des essais de gélivité

to use for the stabilized sub-base course the existing base and 

subgrade material and for the stabilized base coarse flins from 

nearby pits.
In order to simplify the testing, oversize material was rejected 

and the test described below carried out with the so-called soil 
mortar (fraction finer than 2 mm). Fig. 1 shows the grading 

curves for the soil mortar o f  the existing road material (6) as 

well as the grading curves o f  tested flins mortars (7 to 12).
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It was essential to establish the same conditions for ail 
specimens when carrying out the freezing test, i.e. ail specimens 

had to be mixed equally well. For this reason the admixing 

o f the tar with the soil specimens subjected to the test was done 

as follows: first an adhésion agent was added to the wet soil 
(8 per cent moisture content), then the hot tar was sprayed by 

means o f compressed air on to the specimen, which was con- 

stantly stirred with a trowel. The quality o f  the mixing was 

visually inspected. From the soil-tar mixtures (4 per cent tar 

content) made in this way, cylindrical test pieces (d  =  62 mm, 
h =  72 mm) were prepared. The m oist specimens were 

weighed, protected against drying by proper means and pre- 
cooled.

For the purpose o f  comparison, référencé specimens without 

tar (marked a in Fig. 2) were made, in addition to the specimens 

stabilized with tar (marked b).

In the freezing test, carried out as described in the first section, 
the top o f  the specimen was subjected to  a temperature o f  

— 14° C. while the bottom  part was immersed in water. The 

temperature o f  the water decreased during the first 11 hours o f  

the test from +  7° C. to +  1° C. ; during the next 14 hours it 
was kept constantly at +  1° and finally dropped to the freezing 

point. The completely frozen specimens were removed from  

the refrigerator 40 hours after the test was started, then weighed, 
dried at a low temperature, and again weighed. The frost- 
heave during the test was determined by means o f dial gauges 

with an accuracy o f  1/100 mm.
A s can be seen from Fig. 2, each o f  these test specimens 

expanded during the freezing test ; the non-stabilized specimens, 
however, showed heaves exceeding those o f  the specimens 

containing tar, in som e cases considerably more. Apart from  

the maximum frost-heave at the end o f  the test the speed o f  the 

heaving, which was constant at the beginning o f  the test, can 

also be seen from Fig. 2.
Specimens l i a  and l i é  were prepared from the soil (9) by 

screening out the fraction finer than 0-075 mm. These silt- 
free specimens also showed frost-heave. It is remarkable that, 
in this case, the frost-heaves o f specimens with and without tar 

were equal. A lso the other specimens o f  uniform soil (small 
values o f  V ) showed similar, though not so distinct, behaviour, 
whereas the non-uniform specimens (large values o f  U) showed 

great différences in  the size o f  the frost-heaves. It can be seen, 
therefore, that the stabilization with tar caused an essential 
decrease o f the frost-heaves only in the non-uniform speci
mens.

It is also worth noticing that after stabilization with tar the 

soil from the frost-susceptible road material (6), which originally

had a great tendency to frost-heave, did not show larger frost- 
heaves than the soil made silt-free by sieving (11).

Method of Construction

W hen choosing the method o f  construction it had to be taken 

into considération that no spécial machinery for the stabiliza
tion was available. The work had to be done, therefore, ex- 
clusively w ith the available machinery, a dise harrow, a rotary 

tiller, a tar sprayer, a grader and the customary compacting 

machines.
In ail cases the available material was first loosely spread in 

the desired thickness over the entire road surface. When 

doing so, the subséquent compaction had to be taken into con
sidération; that is, for a desired layer o f  10 cm in a compacted 

State, a 14 cm deep layer o f  loose material had to be spread. 
The material was then broken up by means o f  a dise harrow 

and pre-mixed. In a stabilization with tar, made in  1952, the 

material was first deposited in windrows. This tar stabilized 

test-road is constantly under traffic though it is only protected 

by a plain surface treatment.
In the Portland cernent stabilization made in 1955 on the 

approximately 600 m  long test road S, the required quantity 

o f Portland cernent was distributed over the road surface with 

shovels. After that, the cernent and the soil were thoroughly 

mixed by means o f  a rotary tiller or dise harrow, first in a dry 

State then with added water (moisture content 10 per cent). 
The mixing process was effectively completed by application 

o f a grader.
When using tar or sulphite solution as the stabilizing agent 

the procédure was similar, but the stabilizing agent was here 

sprayed upon the spread-out material, with addition o f  the 

required quantity o f  water, in at least 4  opérations, the material 
being thoroughly mixed by means o f  a disk harrow and graders 

after each opération.
I f  the material was deposited upon the road in windrows, the 

tar was poured upon these windrows with watering cans in at 
least 4  opérations and after each opération it was thoroughly 

mixed. It was found that the mixing process with these plain 

machines is easier if  the material is first spread in  a layer upon  

the surface and the stabilizing agent sprayed over this layer. 
After a thorough mixing the material was spread with the 

grader, carefully levelled and then compacted by means of 

rubber-wheeled and sm ooth rollers.
W hen stabilizing with Portland cernent, in  which process 

vibrating rollers proved good, care should be taken that the 

compaction is finished 1 1 hours at the latest after the mixing is 

completed in order not to retard the setting process.
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Fig. 3 Daily average of temperature during and after stabilization

Moyennes journalières des températures avant et après la stabilisation
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Fig. 3 shows the daily average o f the air température during 

and after the stabilization with cernent, as well as the date at 
which each layer o f  the base course was constructed. It can 

be seen that the température o f air was below freezing point on  

some days. In order to protect the soil-cement against freezing, 
the base course was covered by a 10 cm thick layer o f  flins and 

sand.
The results o f  the compression tests given in Table 5 show  

that this measure was quite sufficient.
The cement-stabilized road did not suffer any damage during 

the winter 1955-56, in spite o f  the fact that in February the 

daily average o f  température went down to — 20° C. for 3 

weeks. The experiment revealed that in many cases stabiliza
tion will render road building more economical.
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