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Classification and Importance of Frost-susceptible Rocks in
Road Construction
Sensibilité au Gel des Roches Employées dans la Construction des Routes, et Classification des
Roches a ce Sujet
by K. F. K e il , Professor at th e H ochschule für Y erkehrsw esen, D resden, G erm any
Summary

Sommaire

Certain types of rock used in road construction are susceptible to
frost. Their texture, minerai composition, water content and their
form ation should be examined in order that adequate protection
against frost can be made. These frost-susceptible types of rock
should be carefully provided with preventive protection, even if, in
unweathered condition, they are not water bearing. The characteristics im portant for their classification are given, and examples are
fum ished of how such stratified rocks or schists compare with the
corresponding types of soil.

Parm i les diverses sortes de roches utilisées dans la construction
des routes, seules quelques-unes sont sensibles au gel. Leur texture,
leur composition minéralogique, leur mode de formation, et surtout
la quantité d ’eau qu’elles retiennent, doivent être examinées, car in
fluant sur leur gélivité.
Les roches gélives doivent être soigneusement protégées préventive
ment, même dans le cas où, à l’état naturel, elles ne contiennent pas
d ’eau. Des indications perm ettant de déceler les roches probable
ment gélives sont données dans cette communication. On y a
ajouté des exemples de telles roches, stratifiées ou schisteuses, qui
sont comparées aux sols correspondants.

Ever since the frost susceptibility of road beds was first
explored systematically nearly 30 years ago by Beskow,
Taber, and Casagrande, research in this field has almost exclusively been confined to the classification and characterization
of frost-susceptible soils.
Différent characteristics of frost susceptibility (frost criteria)
were developed (Morton, Beskow, Casagrande, Ruckli,
Schaible) based on grain size, for which reason they were
referred to as ‘grain criteria’; however very few research
workers have dealt with the subject of rocks used as foundation
materials and their behaviour under frost.
More material damage to roads founded on rock first
appeared in the range of the Schleizer Seenplatte, in the
Frankenwald and in Thuringia in the comparatively mild winter
of 1936-37. At that time more than 1000 frost cracks were
counted at the automobile highway Leipzig-Nuremberg in
cuttings into rock which had been regarded as frost résistant.
The local subsoil is made up of stratified and slaty Palaeozoic
rock which, when the cuttings were made, had been blast- and
sound-proof, showing no trace of water. There was no reason
at the time to provide protection against frost.
The ‘Guides for the Prévention of Damage to Roads by
F rost’, published in Germany before the 1939-45 war, contains
no référencé to rocks at ail, and only a few lines are given in
the 1951 revised édition. In particular R u c k l i (1950) and, of
late, also S c h a i b l e (1954, 1955) have concemed themselves
with the danger to rocks by frost. Both these scientific re
search workers are of the opinion that disintegration and
weathering tum s rock into frost-susceptible soil and that the
‘grain criteria’ do not apply to them.
For further élucidation of the problem, the causes of frost
susceptibility in rocks are described and suggestions for
respective tests are offered.
According to the grain criteria used for road beds, ail rock
is frost résistant. Expérience and results of material-technical
tests some time ago, however, proved the contrary but, for
some reason or other, they were not taken into considération
in the case of rocky road beds. This gives rise to the question
of how to recognize the types of rock affected by frost.
Just as in types of soil, the grain size has a decisive effect on

the frost susceptibility of types of rock: (1) manner of for
mation; (2) texture; (3) tectonic disturbances; and (4) minerai
composition.
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Influences of Genesis
Almost ail types of rock weathered in situ, removed by wind
and water and deposited elsewhere and, finally, Consolidated
again into hard stratified rock are frost susceptible. The
minerais in the rock, sensitive to weathering, are removed by
mineralogical and chemical changes; the rock décomposés and
disintegrates; dégradation and removal continue the décom
position, destruction and material change is emphasized by the
distance of transportation, until there remains a soil of every
grain size which, in the course of time, will consolidate to
varying extents and form once more into rock.
Coarse-grained, stratified rock—Coarse-grained, stratified
rock is formed when the distance between removal and deposit
is short. This refers principally to land deposits of various
geological formations, for example, the Upper Carboniferous
formations, the Lower Permian Sandstone, Mottled Sandstone,
and Keuper are susceptible to frost if they contain a clayeysilty binding agent. Therefore, it may happen in the Mottled
Sandstone and in Carboniferous formations that between solid,
frost résistant banks of considérable extent we find layers which
are highly sensitive to frost, in which the fine-grained components—silt and ultra-silt—form the cementing material.
Fine-grained, stratified rock—The frost-susceptible, finegrained stratified types of rock include, for example, shale
formed from silty argillaceous mud. They are distinguished
from frost résistant schist (e.g. roofing slate) by their inferior
strength and by the fact that they are principally made up of silt
and ultra-silt and that their clay minerais are exposed to water
without any protection.
Texture
Unweathered, holocrystalline rock is always frost résistant.
Stratified rock of coarse-grained texture is distinguished by an
exceedingly fine-grained capillary system and by great porosity.
W ater will penetrate quickly in such types of rock, under the

effect of the capiflary pressure, and such rock décomposés in a
short time and turns into frost-susceptible soil. Although this
characteristic is absent in the denser and finer grained types of
rock, particularly in argillaceous schists, they are still susceptible
to frost. The décomposition here is caused by water penetrating through the very fine joints; when this freezes it bursts
the rock and, at the same time, causes the clay particles that
lie exposed in the contact areas of the joints to swell; in this
case the progress is slower because of the fineness of the joints.
Stratified rock which contains water sensitive clay minerais,
that is, above ail schist rock, is full of fine joints that run in ail
directions and store large quantities of capillary water which
seldom escape through cracks. The capillary water that is
always present, even if no ground water level can be observed,
will, through the joints, reach the frost area in a comparatively
short time, and its flow to the frost area is often considerably
greater than in soil.
Tectonic Disturbances
These disturbances are caused by the différent development
of rock texture as a resuit of either enhanced or decreased
cohésion. As a conséquence the distribution of the water is
very uneven and its flow to the road bed fluctuâtes in a manner
never experienced in soil which permits conclusions about the
inflow from an observation of the ground water.
Minerai Composition
The minerai composition of rock also exercises an effect on
the rate of décomposition and thus on the varying degree of
frost susceptibility; for instance, alum and pyrite accelerate the
décomposition whilst intercalations of quartzite and cherts in
the rock as a whole are frost résistant.
Test for Frost Susceptibility
The following suggestions are offered: (1) behaviour when
moistened with water; (2) behaviour when submerged in water;
(3) behaviour under boiling water; and (4) behaviour when
exposed to frost.
The results of the tests will show the degree of liability to
décomposition. If a mere moistening with water should result
in either partial or complété destruction of the texture, the rock
is of a type that will become frost susceptible in a very short
time. If décomposition sets in only during the test with hot
water or during exposure to frost, the rock is liable to become
susceptible to frost only after some time. The speed of the
décomposition is increased by the intensity of traffic : therefore,
wherever the tests reveal frost susceptibility in a rock steps
should be taken for frost protection even if no water can be
found. The minerai composition and degree of saturation are

both apt to vary considerably in stratified rocks, and tests
seldom give the complété picture.
Frost susceptible rock

Corresponding type o f soil

Sandstone with silty-clayey
binding agent (clayey sand
stone)

Silty sand

Clayey (Letten) sandstone

Slightly clayey silt sand

Clayey rock (Letten) friable
slate

Pronounced clayey silt sand

Gravel sand clayey (Letten) rock Clayey-silty gravel sand
Argillaceous schist and silty
sandstone of finest grain

Silt and clay

Clay-shale, argillaceous schist

Clay

M ari limestone (Cretaceous
marly limestone) or lime mari
rock

Mari

The above compilation shows that these stratified rocks and
slate rocks originated more or less from diagenesis and in
duration of the corresponding frost-susceptible types of soil.
The grain criteria used in road construction cannot apply to
them; they must be tested as described above, and such things
as the location of the road, the climate (rainfall, shelter from
winds, etc.) should be taken into considération when judging
the frost hazard. The exposed rock should be provided with a
frost protection layer before damage occurs and, in the case
of rock, the protection should be as much as that for the
corresponding type of soil under the same conditions.
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