FROST ACTION IN STABILIZED SOIL MIXTURES

By H F WinN, Research Assistant
Jownt Highway Research Project, Purdue Uniwersily

SYNOPSIS

The first progress report on the investigation of frost action 1n stabihized so1l
mixtures being carried on as part of the research program of the Joint Highway
Research Project at Purdue Umversity presents the results of studies which are
substantially complete at the present titme These 1nclude the relation to frost
action 1n stabilized soil mixtures of (1) gradation of so1l mixture, (2) type and
percentage of admixture, and (3) moisture content at the beginning of the freez-
ing period

The testing equipment and technique, with minor modifications, were similar
to those of Taber, Casagrande, and Beskow

The materials tested include natural sandy clay and graded soil mixtures
combined with sodium chloride, calcium chloride, calcium oxide, portland
cement, tar, emulsified asphalt, cutback asphalt, and road o1l

One hundred and sixty specimens compacted in the laboratory in molds 3 1n
in diameter by 7 in high were tested Under similar conditions of temperature
variation, all specimens were frozen slowly from the top down with a supply of
free water available to their lower surfaces

The results include curves of rate of heave, curves of effect of various admix-
tures, and charts which show percentages of heave and changes 1n moisture
content for various conditions of admixture and imtial water content

The results indicate that damaging frost action can occur under certain condi-
tions 1n most stabilized so1l mixtures The curves and charts, which can be dis-
cussed only with their aid, indicate significantly trends in the effects of ad-

mixture

Investigations now 1n progress cover the possibilities of dangerous

frost action conditions occurring 1n stabilized mixtures 1n the field

In May, 1938 an extensive program of
frost action research was begun by the
Purdue Joint Highway Research Project
with 1ts first objective the investigation
of the relative effects of frost action 1n
various types of stabiized soil road
surfaces and bases now in common use

The experimental program in progress
mcludes studies of the influence of the
followmg 1tems on destructive frost
action 1 stabihized soll mixtures

1 Vanous soill mixtures

2 Various types of admixtures

3 Various percentages of admixtures

4 Moisture content at beginmng of

freezing period
Density at beginning of freezing

period
6 Loss m moisture content under
various conditions of field curing
and exposure
7 Increase mn moisture content prior

[%,]

to freezing period by capillary
flow or surface infiltration
8 Accurate correlation between tem-
peratures of soil 1n field and lab-
oratory temperature gradients
9 Correlation between results of field
exposure and laboratory tests
The investigation of the first four 1s
substantially complete, and the results
will be presented in this report The
mvestigations of the last five items are
not sufficiently complete to be reported
at this time

ReviEw ofF PHYSICAL PROCESSES OF
FrosT AcTioN

The expansion 1n volume of pure water
on freezing at atmospheric pressure 1s
approximately 9 per cent If the total
volume of a saturated soil consists of two
thirds solid matter and one third water
filing the voids, the expansion of the
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so1l mass due to the freezing of the water
in its voids cannot amount to more than
3 per cent of the original volume of the
frozen portion of the soil mass. Since
authenticated measurements of expan-
sions as great as 60 per cent of the ong-
mal volume of frozen soi1l masses have been
published, it 18 obvious that factors other
than the expansion of the water originally
contamed n the voids of frozen soil must
enter mto the physical process of frost
action These additional factors and
the entire physical process of frost action
have been systematically studied by
Taber (1 to 6 inclusive),! A Casagrande
(7), Beskow (8), and others

Taber has summarized his hypothesis
(p 173 1n reference 6) as follows

“Frost heaving 1s due to the growth of
ice crystals and not to change in volume
(of water on freezing) Pressure 1s
developed 1mn the direction of crystal
growth which 1s usually determined
chiefly by the direction of cooling Ex-
cessive heaving results when water 1s
pulled up through the soil to build up
layer or lenticular masses of segregated
ice, which grow 1 thickness because
water molecules are pulled into the thin
film that separates the growing columnar
ice crystals from the underlying soil
particles ”’

Taber states that in most of his ex-
periments, segregation of ice into layers
or lenses was accomplished by a single
freezing cycle at a “uniform freezing
rate” In other words, after placing
his specimens 1n a freezing cabinet,
Taber lowered the temperature of the air
above the tops of the specimens to con-
stant value, at which 1t was kept during
the duration of the freeze FEarly mn
Taber’s nvestigations soils were sub-
Jected to repeated cycles of freezing and
thawing, and 1t was found that prompt
refreezing after thawing resulted 1n

! Number 1n parentheses refer to list of
references at end
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greater ice segregation and heaving than
occurred on the first freezing Taber
states “The first freeze breaks up a
consolidated soil, increasing permeability
and reducing its tensile strength so that
less resistance to heaving 1s offered when
refreezing occurs  Refreezing 18 not nec-
essary to explamn the formation of ice
layers and excessive heaving, for a sur-
face uphft amounting to over 60 per cent
of the depth of freezing has been obtained
as a result of only one freeze. Repeated
cycles of freezing and thawing introduce
no new factors and do not alter the
mechanics of frost heaving ”

In Taber’s experiments natural con-
ditions of soil freezing were duplicated
by exposing the tops of the specimens to
freezing temperatures, nsulating the
sides with dry sand, and maintaining the
bottoms, whether sealed (closed system),
or open 1n g pan of water (open system),
at a temperature above the freezing point
corresponding roughly to normal soil
temperatures below the zone of frost
penetration With minor vanations,
Taber’s technique was followed by Casa-
grande and Beskow A large amount of
evidence, collected both in the field and
in the laboratory, has shown that Taber’s
fundamental hypothesis and experimental
technique are correct Casagrande has
shown further (p 170, reference 7) that
during a normal wimter (1928-29
Cambridge, Mass ), with the exception
of a few inches immediately below a high-
way slab, soil once frozen remains frozen
during the entire period of winter
weather  Casagrande’s  observations
show strikingly that a cumulative dia-
gram of degree-hours or degree-days of
freezing 15 almost exactly duplicated by
a plot of frost heaving against time and
that a plot of frost penetration 1s almost
exactly a mirror image of the plot of
frost heaving (Fig 1)

Beskow pomnts out (p 226, reference 8)
that the direction of the growth of 1ce
layers, and the direction of expansion or
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heave, are governed by three factors:
(1) pressure, (2) direction and rate of heat
transfer, and (3) soil stratification and
fissures He states that 1ce crystals tend
to grow in the direction of minimum
resistance to expansion and n the direc-
tion of heat transfer. Under natural
conditions i the ground the mmmum
resistance to expansion 1s vertical, and
the direction of heat transfer is vertical
from the warmer soil below to the freezing
temperatures above the surface Thus
the crystals most frequently grow m a
vertical direction and the 1ce lenses ex-
tend horizontally 1in the fissures opened
by vertical growth Planes of stratifica-
tion, which are frequently horizontal in
soil, offer planes of minimum resistance
to separation or expansion of ice crystals
Thus, 1ce lenses tend to follow planes of
stratification with the 1ce crystal growth
normal to the planes In top-soils, 1n
which fissures run 1n all directions, and in
clays, in which shrinkage through loss of
water to 1ce lenses offers opportumties
for expansion in many directions, the
horizontal stratification of 1ce lenses 1s
not so well defined as 1in silts and silty
sands

Taber states (p 127, reference 5)
“In indurated clay, or in clay that has
been thoroughly consolidated artificially,
the layers of segregated 1ce are clear (for
the most part), solid, and very sharply
separated from the clay The 1ce usu-
ally shows a satiny luster because of the
parallel orientation of the ice prisms and
the presence of small filiform cavities
filled with air, oriented 1 the direction of
crystal growth Both thickness and
spacing of the 1ce layers tend to increase
with distance from the cooling surface
(decrease 1n rate of heat transfer) The
total thickness of the ice layers, as
closely as can be measured, equals the
amount of surface uphft, and the water
content of frozen clay between the 1ce
layers 1s the same as that of clay below
the depth of freezing These observa-
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tions prove that heaving 1s due to the
formation of 1ce layers, the freezing of
mterstitial water bemng of little or no
importance.”

In order for layers of segregated ice
to grow n a soil while the water content
of the soil itself undergoes hittle change,
a continuous supply of water must be
available. Beskow shows that a neces-
sary condition is that the soil be 1 a
state of capillary saturation at the be-
ginning of the freezing process With
the soil in this state, two conditions wall
permit sufficent supply of water from
below (from the source of capillary
saturation) to form segregated 1ce lenses
first, very slow rate of heat transfer such
that the frost line remans practically at
a constant elevation leaving all soil
below 1 an unfrozen state; or second,
decrease 1n freezing temperature of water
in very small voids of the soil so that,
while the water 1n the large voids near
the frost hne 1s frozen and 1ce crystals
are growing, a supply of unfrozen water
can reach the growing crystals through
the smaller voids The second condition
15 the most common for frost action 1n
nature Studies by Bouyoucos (9, 10),
Jung (11) and Beskow (pp 33-41,
223-224, reference 8) show that the
freezing temperature of water decreases
with the diameter of the soil grains, or the
diameter of the voids within which 1t 1s
contammed The cause, as stated by
both Jung and Beskow, 1s the effect of the
forces of adsorption from the particles
of soil The water farthest from the
particles of soil 1s least influenced by their
adsorption force and therefore has the
highest freezing pont The nearer the
water 18 to the soil particle the greater
the adsorption and therefore the lower
the freezing temperature This 15 n
accord with Terzaght’s explanations of
the behavior of water at varymng dis-
tances from the soil gramn to which 1t 18
held by adsorption  Above certain gran
diameters, or certain void diameters.
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the effect of layers of adsorbed water on
the freezing temperature of the major
portion of the water in the voids becomes
negligble Thus n gravels and coarse
sands the freezing temperature 1s un-
changed for practically all the water in
the voids and 1ice segregation can occur
only under the condition of very slow
rate of heat transfer In order for ice
segregation to occur under normal con-
ditions of heat transfer, a certain min-
imum percentage of smaller gramns and,
consequently, smaller voids, must be
present to supply water for the growth of
1ce crystals

Casagrande states (p 169, reference 7)
“Under natural freezing conditions and
with sufficient water supply one should
expect considerable 1ce segregation 1in
non-uniform soils containing more than
three per cent of grains smaller than
002 mm and in very umform soils
contaiming more than 10 per cent smaller
than 002 mm No 1ce segregation was
observed [in studies at the Massachusetts
Institute of Technology and throughout
the state of New Hampshire] mn soils
contaming less than one per cent of
gramns smaller than 0 02 mm , even 1if the
ground water level was as high as the
frost line” Studies by Taber and Bes-
kow show that the severity of frost heav-
1ng increases as the percentage of grains
smaller than 002 mm 1ncreases, being
very severe 1n silts but somewhat less
m very plastic clays, probably due to
decrease of the freezing pomnt of a large
percentage of the water in the voids
and great resistance to the flow of water.

In reporting on Jung's work on the
effect of the rate of freezing, Beskow
states (p 225, reference 8) ‘““As the rate
of freezing 15 successively ncreased, the
1ce segregations become smaller and more
diffuse untal they wholly disappear, and
the soil freezes homogeneously Even
a heavy clay was brought to freeze
homogeneously (as opposed to hetero-
geneous freezing of clay and ice lenses)
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at an exceedingly rapid rate of freezing
The author’s [Beskow’s] freezing ex-
permments have shown the same effect,
though hmited to rates of freezing cor-
responding to natural conditions ”
The conclusions of these investigators
can be summarized as follows
(1) Destructive frost heaving 1s almost
invariably associated with the formation
of segregated 1ce
(2) The total amount of frost heaving
1s very closely equal to the sum of the
thicknesses of all layers of segregated
1ce 1n the frozen soil
(3) The total amount of frost heaving
1s 1 direct proportion to the increase
total water content of the frozen soil
(4) The soil must have a water content
at least equal to a state of capillary satu-
ration for 1ce segregation to take place
(5) A supply of water must be avail-
able for the growth of 1ce crystals, either
from some portion of the sol 1itself or
from some external source, e g ground
water table
(6) For normal field conditions of
temperature a certain mmmum per-
centage of grains smaller than 0 02 mm
18 necessary for 1ce segregation
(7) One, slow, gradual decrease 1n
temperature well mnto the freezing range
15 necessary and sufficient to cause ice
segregation and frost heaving Sub-
sequent thawing and refreezing may
increase the severity of the frost heaving
but will not change the basic action
(8) A cumulative curve of degree-
hours of freezing plotted against time 1s
a qualitative measure of the increase of
frost heaving with time
(9) The following factors are all neces-
sary for 1ce segregation and frost heaving
If any one of these factors 1s not present,
frost heaving will not occur
a) Capillary saturation of the soil at
the beginning of or during the
freezing process
b) A free supply of water from within
or without the soil.
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¢) A mmmmum percentage (3 to 10
per cent) of grains smaller than
002 mm

d) A gradual decrease in temperature
of the air above the soi1l below
freezing temperatures

Basis For THIS INVESTIGATION

The mvestigation, for which this 1s a
progress report, 1s based on and 1s a con-
tinuation of the frost action studies out-
lined above Much of the equipment
and experimental techmque has been
adopted directly from those used by
Taber, Beskow, and Casagrande Of
the previous investigations with which
the author 1s famihar, only the studies of
Beskow have dealt with the effect of
admixtures to the soil or water on the
reduction of frost heaving Beskow finds
(pp 100-105, 232, reference 8) that
sodium chloride in very dilute concen-
trations increases the rate of heaving,
while 1n concentrations greater than ap-
proximately 4 per cent i1t decreases the
rate of heaving The other three ad-
mixtures which Beskow 1investigated,
calcium chloride, sulphuric aad, and
sulphite leach, all diminished the rate
of frost heaving, usually to an extent
which 1ncreased with the strength of the
solution

In order to fill an apparent gap in the
knowledge of the behavior of stabilized
soll mixtures, this investigation has
undertaken to show the effect of frost
action 1n sols treated with varous
types and percentages of admixtures
under various conditions of 1tial mois-
ture content and imtial density At
some pomts 1n this progress report, 1t
may appear that rather artificial means
have been used to attain certain mmtial
conditions of moisture content and den-
sity The plan of attack 1s to nvesti-
gate first the effect of the various condi-
tions outhined above and then to study
the possibilities of such conditions oc-
curring in the field
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Correlation of the laboratory tests
with the results of field exposure 1s, of
course, dependent on the conditions of
field exposure of recently constructed
test sections Until conditions of water-
content, water availability, and gradually
decreasing temperature gradient so com-
bme as to produce 1deal conditions for
1ce segregation and frost heaving, cor-
relation wmill be difficult TField expe-
rience has shown that 1t 1s not unusual for
several years to elapse between times of
favorable combination of all elements
at a given section of highway

MAaTERIALS TESTED

SOILS

The Joint Highway Research Project
at Purdue University has constructed
two test roads in order to observe the
effects of field exposure and traffic con-
ditions on various types of stabilhizing
soll mixtures and admixtures In order
to correlate laboratory observations with
field exposure, most of the mixtures and
admixtures included in the test roads
are included in this study A sandy
clay, which forms the sub-grade for the
test roads and which was used 1n making
up the test road sections, was used 1n
the preparation of the laboratory spec-
mens This particular sandy clay 1s a
typical, dangerous, frost-heaving soil
When tested 1n the frost action cabinet,
a heave of 59 6 per cent of the depth of
frost has occurred as compared with the
findings of other investigators (Beskow
(8) and Taber (5)) which show that a
heave of 60 per cent 1s about the maxi-
mum to be expected under 1deal condi-
tions

The gravel used 1n the graded mixtures
was pit run material The sand used
m the sand-clay mixtures was a fairly
uniform, washed, concrete sand The
graded mixture resulting from the com-
bination of 1634 per cent of the sandy
clay with 83% per cent of the pit run
gravel 1s typical of the mixtures in com-
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mon use 1n stabilization work and falls
within the recommendations of most
highway organizations.

The grain size curves for the indivaidual
soil types are shown in Figure 2 and for
the various mixtures in Figure 3. Table
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for Typical Graded Soil Mixtures
TABLE 1
CHARACTERISTICS OF INDIVIDUAL SoIL
TYPES
z E]
Soil Type '§> '92 f—_’;é 25
’ 88 | 25 (35|38
R o L
No 3 Sandy Clay 2 69| 46 1|18 6[27 5
No 4 Sandy Clay 2 721 45 6/18 3[27 3
No 1 Pit Run Gravel 272
No 2 Concrete Sand 2 76

1 gives the Atterburg limits and other
data on the soils used
ADMIXTURES

The stabilizing admixtures used 1n
this mvestigation can be classified into

MATERIALS AND CONSTRUCTION

two general groups on the basis of their
physical action.

1. Water-insoluble binders, such as bitu-
men and portland cement which act as
cementing agents, increasing the resist-
ance to expansion

2. Moisture-retentive chemacals, such as
calcium chloride, which reduce the thick-
ness of adhesive water films on thé soil
particles through increased surface ten-
sion, increasing the cementing action of
the clay binder, and, in general, reduce
the freezing point of the water in the soil
mixture

The bituminous materials were tars,
emulsions, cutbacks and road oils  Spec-
ifications for these materials are given 1n
Table 2.

Other admixtures used and reported
on 1n this paper are portland cement,
calcium chloride, sodium chlonde, and
calelum oxide

Distilled water was used 1 all labora-
tory mixtures

EXPERIMENTAL PROCEDURE
PREPARATION OF TEST SPECIMENS

Throughout this investigation speci-
mens have been prepared with physical
characteristics (density, moisture con-
tent, percentage of admixtures, etc)
as nearly as possible like those that might
occur 1n a stabilized soil road surface or
base

Mazing and Molding The clay to be
stabihized was air dried and carefully
pulverized with mortar and pestle n
order to break down all lumps without
crushing the soil particles. The moisture
content of the clay, when air dried, was
approximately three per cent The
gravel and sand were also air dried to a
moisture content of approximately one
per cent

A batch consisted of enough materal
to mold two identical specimens, only
one of which was completely tested, the
other being carried along as a substitute
1n case of breakage during handling and
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curing of the test specimen In de-
signing a mixture, the weight of dry soil
(clay, sand, and gravel) was taken as
10 lb., the admixture computed as a
percentage of the dry sol weight, and
the moisture content computed as a
percentage of the combined dry weights
of soil and admixture All specimens
were molded at approximately the op-
timum moisture content for the particular
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8%, Cement—percentage of dry weight of
soil.

9%, Water (optimum moisture content)—
percentage of dry weight of soil and
cement

Let dry weight of soil = 10 1b = 4530 grams

Clay required 020 X 4530 X 103 = 933 g

Gravel required 080 X 4530 X 101 = 3660 g

Cement required 008 X 4530 = 362 g

Water required (09) (4530 + 362) — (03)
(933) — (01) (3660) = 376 cc

TABLE 2
SrECIFICATIONS OF BIiTuMINOUs MATERIALS Usep IN FrosT AcTiON INVESTIGATION
Bitumuls
Indiana Specification Designation MC-1 RC-3 8C-3 TC TM-2 | AES-1 Sltla;g:-
Specific Gravity @ 25°C 1040 | 1166 | 1 181
Specific Gravity @ 15 5°C 934 960
Furol Viscosity @ 77°C 136"/ 12"
Furol Viscosity @ 140°C 371 | 223"
Engler Viscosity @ 40°C 118 661
Flash Point (Cleveland open cup) Deg F 380
Flash Point (Tag open cup) Deg F 170 142
Loss on Heating, 163°C, 5 hrs, 9, 1 58
Distallation
% off at 170°C 09 01
225°C 70 95
260°C 275 160 46 76 | 41 2
300°C 317 17 4
316°C 370( 215
360°C 420)| 235
O1l Portions, % 25 056
Water, % Trace | None | Trace | Trace | Trace | 44 25 | 40 7
Residue, % 67 3| 812
Penetration of Residue 201 92 65
Specific Gravity of Distillate 10321021
Bitumen Soluble 1n CS., % 920 936
Bitumen Soluble 1n CCly, % 997 995| 998
Inorganic Matter Insoluble, %, 011 003
Penetration of Residue 73 6
Ductihty @ 77°F 28 0 85
Ductility @ 39 2°F 110+ | 110+ | 110+
Melting Point of Residue (B + R) °C 04| 340
Float Test of Residue @ 50°C 24"

type of mixture as determined by the
Proctor procedure. The sample calcu-
lations following illustrate the design of
a mixture.
Composition.

20% Sandy clay (containing) Based on

3%, moisture)
80% Gravel (containing 19, :voelllght of dry
moisture) )

The procedure in combining the soil
mixture with admixture and water de-
pended upon the type of admixture.
Portland cement and quicklime were
mixed with the dry soil before the addi-
tion of the water, the bituminous mate-
nals were added after the water had been
completely mixed with the soil; the salt
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and calcium chloride were dissolved in
the water before adding to the dry soil.

The soil, water, and admixture were
thoroughly mixed by hand to insure
uniform distribution of all ingredients.

Using a 53-lb. rammer with a 2-in.
diameter tamping face and a cylindrical
brass mold similar to the Proctor mold
(12), the soil mixture was compacted
into the mold in four equal layers by
14 blows of the rammer dropped 1 ft.
on each layer. The special mold used
in this investigation had an inside di-
ameter of 3 in., was 7 in. high, and con-
tained a volume of 3% of a cu. ft. The
laboratory apparatus used in mixing and
molding specimens is shown in Figure 4.

Figure 4. Apparatus Used in Preparing
Mixtures and Molding Specimens

After compaction, the two specimens
were pushed out of the molds by means of
a compression machine, weighed and
inspected, the better of the two chosen
as the test specimen, and the other re-
tained as a substitute.

The remaining portion of the batch,
usually about 500 gm., was oven dried
and the true moisture content of the
mixture computed.

Curing. In order to secure the maxi-
mum benefits from certain types of ad-
mixtures, a period of curing under proper
conditions is necessary. All soil-cement
specimens were cured in a standard moist
closet for 10 days or more; all bituminous
mixture specimens were air cured in the

MATERIALS AND CONSTRUCTION

laboratory at 70°F. for 10 days or more.
Although the other types of mixtures do
not require curing, some have been cured
to a low moisture content.

The variable moisture contents re-
sulting from the different conditions of
curing led to the division of the specimens
into the dry test and wet test groups.
(See Figs. 13, 14, and 15.) In the dry
test group are specimens of all types
which, regardless of whether they require
curing or not, were cured to a low mois-
ture content and tested in that condition.
In the wet test group are (1) specimens
which did not require curing and were
tested, as molded, at the optimum mois-
ture content and (2) specimens which
required curing, were cured to a low
moisture content, and then the water
was restored to approximately optimum
before testing.

The purpose of including both dry and
wet test specimens (referring to the con-
dition of the specimen at the beginning
of the freezing test), in spite of the es-
tablished fact that capillary saturation is
necessary for ice segregation, was to
establish the rapidity with which water
could rise in the specimen under freezing
conditions and cause ice segregation. It
is probable that stabilized surfaces and
bases will be found in both conditions in
the field at the beginning of the freezing
period. While an initial condition of
capillary or complete saturation is un-
doubtedly the most dangerous condition,
the possibility remains that some stabil-
ized mixtures will always have a water
content less than capillary saturation at
the beginning of the freezing period, even
with a supply of capillary water from the
ground water table available.

Saturating Equipment and Procedure.
In order to accelerate the process of
saturating the inherently water-resistant
specimens, particularly the cured, bitum-
inous types, the apparatus shown in
Figure 5 was constructed. The drawing
of one of the units, Figure 6, shows the
details of the apparatus.
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The sides of the specimen to be satu-
rated were painted with paraffin, and the
specimen was then slid into the pipe
which had been heated to a temperature
slightly above the melting point of paraf-
fin. Upon cooling the space between the
pipe and specimen, which differed in
diameter by 0.067 in., was uniformly
filled with paraffin, and the escape of
water by that route was prevented. It
was found by experimentation that a
pressure head of approximately 30 Ib.
per sq. in. applied for 24 hr. was sufficient
to restore to approximately optimum
moisture content, or to saturation, any

Figure 5. Pressure Saturator for Accelerat-
ing the Process of Resaturating Cured
Specimens.

of the types of specimens considered in
this investigation. In the presentation
of the data (Figs. 13, 14, and 15) several
specimens with medium moisture con-
tents, 60 to 80 per cent saturation, will
be noted. Moisture contents in this
range resulted from one of the earlier
resaturating experiments, i.e., submer-
sion in water for six days. This pro-
cedure was found to be unsatisfactory
as a rapid means of restoring the materials
to uniform 100 per cent saturation.
The author realizes that a pressure
head of 30 Ib. per sq. in. is not comparable
with any field conditions in highway
work. This method and pressure was
adopted only for the purpose of ac-
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celerating the saturation of the specimens
for the wet test group. The possibility
of various mixtures of soil and admix-
tures ever attaining in the field a con-

WATER INFLOW FROM
PRESSURE RESERVOIR

STEEL DISC

‘ WATER OUTFLOW

Figure 6. Cross Section of One of the Units of
the Pressure Saturator

dition of capillary saturation is another
phase of this investigation which is not
yet complete.

In Figure 7 are shown the results of
resaturation of typical stabilized soil
mixtures.
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FROST ACTION TEST EQUIPMENT AND
PROCEDURE

Refrigeration Equipment. In order to
reproduce in the laboratory natural soil
freezing conditions, the cold room and
frost-action cabinet shown in Figure 8,

MATERIALS AND CONSTRUCTION

10° to 70°F., and is cooled by a blower
type cooling unit. The frost-action cab-
inet is insulated throughout with 4 in.
of cork, has an automatically controlled
temperature range of —20° to 30°F., and
is cooled by expansion coils hung from

N
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Figure 7. Typical Examples of Resaturation of Cured Bituminous Materials by Means of
Pressure Saturator

Figure 8. Frost Action Cabinet

were designed and constructed, on the
basis of the work previously done by
Taber, Beskow and Casagrande.

The cold room is insulated with 4 in.
of cork in walls, ceiling, and floor, meas-
ures 9 by 14 ft. inside, has an automati-
cally controlled temperature range of

the top of the cabinet and extending over
its entire length. The controls and
refrigeration plant for the cabinet are
entirely separate from those for the
room, two freon compressors being used.

The cabinet contains eight removable
drawers, each of which will accommodate
four test specimens. Ordinarily the cab-
inet is filled to its capacity of 32 speci-
mens, during a test.

The schematic cross-sectional drawing
of one of the cabinet drawers, Figure 9,
shows the arrangement of the soil spec-
imens during the test.

This arrangement is essentially similar
to that used by Taber (p. 115, reference 5)
and Beskow (pp. 51 and 74, reference 8).
The side walls of the specimen, which is
contained in a paraffin saturated card-
board container, are lubricated with
grease, and the entire specimen, with the
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exception of the top and bottom, is
insulated with fine dry sand The freez-
ing temperatures within the frost action
cabinet are transmitted to the sample
only through 1its upper surface

To prevent evaporation durmng the test
period, the entire specimen, except for
the bottom surface, 1s sealed with a thin
air-tight covermng of paraffin A small
air vent must be provided in the top
surface of the paraffin coating to allow
the escape of awr displaced by rising
capillary water. The card-board con-
tamers, made from common one-quart
ice cream containers, provide adequate
lateral protection for the specimen, while
the grease between the paraffin coating of
the sample and the card-board container
reduces frictional resistance to the ver-
tical movement during frost heaving
It was found, however, that, if the freez-
ing cabinet temperature was raised and
some of the lower 1ce layers melted, the
frictional resistance was too great to
allow the sample to subside under 1ts
own weight

The bottom of the specimen rests on a
porous carbon disc which, in turn, 1s
carried by the water supply pan in the
bottom of the cabmet drawer. The
water supply pan 1s not insulated and the
temperature of the water supply, which
can feed directly through the porous
disc to the soil capillaries and thence to
the zone of freezing, 1s only shghtly lower
than the temperature of the cold room,
that 1s, approximately 40°F Thus there
is a continual flow of heat upward through
the sample to the zone of freezing. This
condition, on a reduced vertical scale, 1s
comparable to the temperature conch-
tions 1n the field. At very low tempera-
tures 1n the freezing cabinet (below 0°F )
the loss of heat through the water supply
pan and sample usually becomes great
enough to freeze the entire sample and
occasionally to freeze the water in the
supply pan during the last day of the
test period
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The freezing cabinet drawers, which
are removable for placing and removing
the specimens and for mspection during
the test, are sealed in the freezing cabinet
by automobile nner tubes which are
mnflated during test and deflated for
removal of the drawers

Test Procedure The testing procedure
followed 1s a modification of that of
preceding nvestigations, checked by a
prelimimary study with the equipment

RIFRGLRATION COILS 9

z
H

CIMEN

L_SPL
7 |oCFORE TEST
.

Figure 9. Cross Section of Frost Action
Cabinet Drawer Showing Placement of Speci-
mens during Test

and materials previously described
Since the first objective was a determina-
tion of the relative effects of frost action
mn various types of stabilized sol road
surfaces and bases now in common use,
the test procedure was relatively simple
as compared with the methods used by
the preceding investigators The ground
work had been laid by their studies of the
effects of type of freezing, rate of freezing,
pressure, water availability, size of grains
and voids, ete

All tests were carried out on “open
systems,” that is, water was always
available to the bottom of the specimen.
Each test consisted of one slow descent
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of the frost line through the entire 7 1n
of specimen, the temperature in the
freezing cabinet being gradually lowered
from 30°F to —10°F or —15°F over a
period of 21 to 23 days In choosing the
length of freezing period and rate of
temperature reduction, a careful study
was made of the freezing temperatures
and critical temperature ranges for all
of the types of mixtures to be tested
Thus, while many of the clay and graded
mix specimens without admixture were
completely frozen at 0°F, the freezing
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the freezing cabinet were obtamned by
subtracting the average daily tempera-
tures from a base temperature of 29°F ,
temperature values less than 29°F being
considered negative The base of 29°F
was chosen rather than 32°F to com-
pensate empirically for the imtial heat
loss between the so1l in the specimen and
the arr temperature in the freezing
cabinet The cumulative degree-hours
of freezing were computed from the re-
duced temperatures Figure 10 shows
the curves of cumulative degree-hours
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Figure 10 Cumulative Temperature Diagrams of Reduced Average Daily Temperatures

temperature for the specimens contaimng
larger percentages of sodium chloride
and calcium chloride had not been
reached The procedure chosen 1s a very
severe test but 1s certainly within the
limits of natural oceurrence 1n the north-
ern states

All specimens were tested under very
similar conditions of temperature varia-
tion and general preparation techmque
Table 3 outhnes the daily temperature
variations for five series of frost action
tests and other important data on the
temperatures of the room, water, and
specimen. The reduced temperatures in

of freezing plotted against elapsed time
of test

COLLECTION OF DATA

A complete record of all details of pro-
cedure and test data that may in any way
enter mnto the mterpretation and cor-
relation of results has been kept for each
specimen

Throughout the investigation, speci-
mens were numbered for identification
with three digit numbers The first
digit indicated the series or test group
of the specimen. Each series of 32
specimens was tested at the same time
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under identical conditions of temperature
variation. The second digit indicates
in which of the eight drawers in the
freezing cabinet the specimen was placed
and the third digit indicates the position
in the drawer.

During the test periods, daily readings
of the temperatures of the room air, the
air immediately above the specimens in
each of the drawers, and the water in
each of the supply pans, were taken.
All temperature readings were made to
the nearest degree Fahrenheit with ther-
mometers inserted into the drawers and
water pans through small holes provided
in the cabinet walls. Since the refrigera-
tion coils extended the entire length of
the cabinet, the temperature was within
one degree of being the same in all
drawers at any one time. One ex-
ception was the third position in the
eighth drawer. Due to its location,
this position lagged about 1°F., and for
that reason the ‘83" specimens in all
series have been omitted from the
records. For the purposes of this in-
vestigation, the temperature variation
of one degree in the cabinet has been
disregarded and all specimens in any one
series are considered to have been ex-
posed to the same conditions of tempera-
ture. Thus, only one freezing tempera-
ture cumulative curve has been included
in the data for each series. (Fig. 10).

A chronological record of the occur-
rence of frost action was obtained by
making daily measurements of the heave
of the top of each specimen. Movements
were recorded to the nearest 0.02 in.,
the technique used in making these
readings being shown in Figure 11.
The rate of heave curves, Figure 20,
21, 22, and 23 show these data, and when
correlated with the temperature and
photographic records, give valuable in-
formation regarding the temperature
range for destructive heaving, the time
necessary for dry material to attain capil-
lary saturation, the rate of penetration
of the frost line, and the freezing point
lowering effect of the admixture.

MATERIALS AND CONSTRUCTION

Photographs, which were taken of all
specimens within 24 hours after their
removal from the frost action cabinet,

Figure 11. Technique of Making
Heave Measurements

GHT OF SPECIMEN = 7'

Figure 12. Typical Specimen at Completion of
Frost Action Test

provide a permanent visual check on the
other records. Figure 12 is the photo-
graph of a typical speciman at the com-
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pletion of the test. Usually, four speci-
mens of related composition tested in the
same drawer were photographed as a
group. Visual inspection of the tested
specmens 1s necessary to determine
completely the effect of the admixture on
the type of frost action, that 1s on the
characteristics of the segregated 1ce and
the sections of the specimen that were
affected In the cases of the specimens
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the test, and moisture contents were
computed at the following important
stages
1 When molded
2 At end of curing period
3 Before and after soaking (specimens
partially resaturated by immer-
sion).
4 Before and after saturation (speci-
mens resaturated in saturating

with a low water content at the beginning device)
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Figure 13 Frost Action Data for Specimens Cured to Low Moisture Content Before Test.

Soil Types: 1—Pit Run Gravel

2—Concrete Sand. 3 and 4—Sandy Clay MR, Moist Room;

L, Laboratory, N, No Measurable Heave or No Zone of Frost Action. Duplicate Results- 242-243,
264-284; 244-263, 241-364, 213-471, 452-453; 451-454.

of the test, 1t is possible, by comparing
the rate of heave curves and the photo-
graphs, to determine exactly when and
where 1n the specimen a state of capillary
saturation was reached and ice segrega-
tion began. In other cases, the time
at which the specimen was completely
frozen can be determined.

The moisture content vanation of each
specumen was carefully followed from the
time of molding until the completion of

5 At start of test

6 At completion of test.

At the completion of the test each
specimen was cut 1nto representative
sections and the moisture content of each
section determmed by oven drymg
These final moisture content determina-
tions furnished the data presented in
Figure 13, 14 and 15 as “Average Final
Moisture Content” and ‘“Moisture Con-
tent From Zone Showing Frost Action.”
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The moisture content determinations
other than imtial and final, were com-
puted from the difference mm weight of
specimen at any particular time and the
computed oven dry weight

PRESENTATION OF DATA

The data accumulated to date, have
been assembled 1n the form of charts and
curves for rapid study and apprasal
It 1s felt that these charts and curves are,
for the most part, self-explanatory and a
detailed discussion of them 1s not neces-
sary Significant trends m the data as
they relate to effects of soil gradation,
type and percentage of admixture, and
1mitial moisture content, will be discussed

Data Charts The vital test data for
all specimens have been summarized 1
tabular and graph form i Figures 13,
14, and 15 The percentage of heave 1s
the ratio of the increase in height of
specimen during the test to the onginal
height.

Figure 13 presents the data for the dry
test group, which, regardless of whether
the materials required curing or not,
were cured to low moisture content and
tested in that condition, as part of the
study of the effects of mmitial mosture
content With few exceptions, all of
these specimens had an 1nitial moisture
content of 3 to 5 per cent, or about as
dry as such materials would ever be
found n the field The higher moisture
contents of the calcium chloride mixtures
were due to the hygroscopic properties
of the admixture, and the medium mos-
ture content bituminous mixtures re-
sulted from an earlier resaturating ex-
periment, six days immersion, which was
only partially effective

The data i Figure 14 are for specimens
from the wet test group, which, with the
exception of the portland cement mx-
tures, were tested at optimum moisture
content with no curing The portland
cement specimens were cured m a moist
closet and then the moisture was re-
stored before the test The first six
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specimens n the cement mixture group
were molded in the field from material
taken from the Joint Highway Research
Project test road during construction
The 6 and 10 per cent mixtures were
mixed mn place with a rototiller while
the 8 per cent mixture was mixed 1n a
concrete mixer, which accounts for the
variable densities shown All of the six
were resaturated by immersion m water
m the laboratory after the curing period
in the moist closet The remainder of
the cement mixture group was molded
in the laboratory and after curing was
put through the pressure saturator, ac-
counting for the very high imtial moisture
contents shown

The data 1n Figure 15 are for the bitu-
minous mixtures 1n the wet test group, all
of which were molded at optimum mois-
ture content, cured for at least 10 days
1 the laboratory, and then resaturated
n the pressure saturator before the test
The “No Admixture’” groups are identical
on Figures 14 and 15 this repetition being
for aid mn studying the influence of the
admixtures

Probably the most obvious trend 1n the
data presented on the three charts 1s the
correlation between moisture content and
frost action As pomted out before, a
moisture content of at least capillary
saturation 1s necessary for ice segregation
to cccur and, where 1ce segregation has
occurred, the resulting moisture content
will be very high These observations
are verified definitely by the data on the
charts, average final water content and
water content for zone at frost action
indicating very closely the trend of the
percentage of heave

Although the percentage-of-heave in-
dicates, in general, the extent to which
frost action may be expected to occur n
the various mixtures, the writer does not
feel that 1t can be taken as a basis for
rigid comparison of the mixtures As
an example, if one mixture shows a heave
of 40 per cent and another a heave of
20 per cent, there 13 not sufficient evi-
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dence to conclude that the latter is
twice as resistant to frost damage as the
former. The important conclusion in
such a case is that both mixtures are
liable to serious frost damage, the exact
extent being entirely dependent upon
the conditions of initial moisture con-
tent, density and temperature, a varia-
tion of any one of which might result in a
definite change in the relative amounts
of damage.

The percentage-of-heave data can,
however, be used as a basis for a general
grouping of the various materials as to
whether they are resistant or non-resis-
tant to frost action, and if non-resistant,
under what conditions the damage will
occur. Such a group -classification is
made later.

The influence of the individual ad-
mixtures on the reduction of frost action
is evident from the data charts, the gen-
eral indication being that the protection
furnished is directly proportional to the
percentage of admixture. Calcium oxide
in the percentages tested, (up to 10 per
cent) seems to reduce the damage only
slightly, certainly not enough to justify
its use for this particular purpose. Cal-
cium chloride and sodium chloride defi-
nitely reduce frost action because of their
freezing point lowering effect. The tests
indicate that as long as the chemical is
present in the soil, 2 or 3 per cent of
calcium chloride or sodium chloride will
reduce frost damage to a minimum by
preventing freezing at —10 to —15°F.
The permanency of admixtures of this
type is one of the items that has not been
completely investigated. An interesting
observation, however, is that specimens
containing only a small percentage of
chemical, 2 per cent or less, froze and were
slightly damaged in the bottom 1 to 3
in. of material. This may indicate that
the rising capillary water carried with it
most of the chemical from the lower part
of the specimen, or that the chemical is
readily carried through the soil by per-
meating water.

MATERIALS AND CONSTRUCTION

The effects of portland cement and the
various bituminous admixtures appear
to be not only directly proportional to
percentage of admixture, but to depend
to a large extent upon the amount of
water available in the material at the
start of the freezing period. As an ex-
ample, it will be seen, referring to the
charts, that 8 per cent cement, tar,
emulsified asphalt, or cutback asphalt
reduced frost damage to a minimum in
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Figure 16. Effects of Admixture and Initial
Moisture Content—Emulsified Asphalt

the dry test group, but when these same
materials were tested with a high initial
moisture content, serious frost damage
oceurred.

Effect of Admixture and Moisture Con-
tent Curves. The test data for all of the
specimens embodying one particular type
of admixture are presented by means of
Figures 16, 17, 18, and 19. Specimens
tested in the same series and with similar
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initial moisture contents provide the
data for one curve.

In interpreting the data on these
curves, as well as elsewhere in this paper,
heaves of 5 per cent or less should not be
considered indicative of serious damage.

The photograph accompanying each
set of curves shows the final condition
of the tested specimens represented by
one of the curves. The specimens in

Figures 16 and 17 were photographed

343-5W  NO, 344-5W
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tion. Specimens put through the pres-
sure saturator reached, with few ex-
ceptions, 100 per cent saturation.
These data again show that the in-
fluence of any particular percentage of
admixture is directly dependent upon the
moisture content of the mixture at the
start of the freezing period, and con-
clusions concerning the percentage of
admixture required to prevent frost
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Figure 17. Effects of Admixture and Initial
Moisture Content—Tar

after the paraffin seal coat had been
removed, while those in Figures 18 and
19 were photographed before removal of
the paraffin.

In general, the moisture remaining in
a specimen after the curing period is
equivalent to 15 to 30 per cent saturation
in terms of the water required to fill all
the voids of the soil. Specimens which
were immersed for six days before being
tested reached 50 to 70 per cent satura-

Figure 18. Effects of Admixture and Initial
Moisture Content—Cutbacks and Road Oil

damage can be made only when the
limiting conditions of initial moisture
content are included.

At this time it is impossible to say
whether the irregularities in the data
for the tar group are due to errors or are
actually indicative of the characteristics
of the admixture.

The definite reduction of frost action
resulting from the addition of granular
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material is evident from these data.
All of the data indicate that frost action
is much more readily controlled in graded
mixtures than in natural fine grained
soils, which verifies the findings of other
investigators that grain diameter dis-
tribution is of fundamental importance
in the frost action process.

Rate-of-Heave Curves.  The rate-of-
heave curves shown in Figures 20, 21,
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Figure 19. Effects of Admixture and Initial
Moisture Content—Portland Cement

22, and 23 present a chronological record
of the occurrence of frost action in those
specimens from each of Series 2, 3, 4 and
6, respectively, in which damaging frost
action occurred. The daily heave meas-
urements (Fig. 11) furnished the data
for the rate-of-heave curves, and the
daily temperature readings (Table 3)
furnished the data for the cumulative
temperature diagram accompanying each
set of curves.

In general, the specimens of natural

sandy clay started to heave sooner,
heaved at a greater rate, and reached a
greater total heave than did the stabilized
soil mixtures. The rate-of-heave was
less influenced by stabilization than were
the other two items.

The degree to which the admixture
inhibited capillary flow in the soil is
indicated by the length of the period of
inactivity before heaving started. Re-
ferring to Figure 20, it is evident that
capillary saturation in most of the bi-
tuminous specimens was delayed until
the fourteenth day or later. However,
when the frost line finally did penetrate
into that portion of the specimen which
was saturated by capillarity, frost action
resulted in heaving at a rate that was
only slightly less than the rates of the
untreated soils. Specimens No. 251 and
No. 232 are good examples of the delayed
start typical of bituminous mixtures
having low initial moisture content.
Frequently, a tested specimen was dam-
aged only in the lower 2 to 3 in. By
comparing the rate-of-heave curves and
the photographs of the tested specimens
it was possible to tell exactly what
happened. For example, refer to Spec-
imen No. 343, rate-of-heave curve in
Figure 21 and photograph in Figure 17.
Approximately 5% in. of the specimen
were not damaged while the bottom 1%
in. contain approximately 2 in. of ice
lenses. Correlating the data from both
sources, it can be concluded that during
the first 16 days of the test period the
frost line penetrated 5% in. and the capil-
lary saturation line rose 1} in. On the
sixteenth day the two met and the ice
segregation began.

Figure 22 brings out clearly the effect
on rate and total heave of the addition
of granular material to the mixture.
The data indicate that the frost line
penetrates the graded mixtures much
more rapidly than it does the natural
fine grained soils with the result that the
total damage is less in the graded mix-
ture. Apparently most of the damage



WINN—FROST ACTION, STABILIZED SOIL

was done 1n the graded mixtures during
the first 8 to 10 days, while the natural
soils continued to heave at a fairly uni-
form rate during the entire test period
It must be remembered, however, that,
for a given freezing period, thicker layers
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this series than for the others, with the
result that most of the specimens started
heaving almost immediately, 1n contrast
to the more delayed start accompanying
the slower temperature reduction m the
other series.
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Figure 20. Rate-of-heave, Series 2

of graded mixture and natural fine-
gramned souls might show equal amounts of
damage although the depths of frost
penetration would be very different
This set of curves also shows the effect
of more rapid accumulation of degree-
hours of freezing The temperature of
the freezing cabinet was lowered more
rapidly at the start of the test period for

The data for Series No 6, Figure 23,
furnished the best meansof comparing the
mfluence of the various admixtures on
rate of heave All of the specimens in
this group were 100 per cent saturated
at the beginning of the freezing period
and all were made with natural soil
plus admixture, no graded soil mixtures
being included The variations i be-
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havior are therefore primarily due to the
admixtures.

CoNCLUSIONS

A review of the limitations affecting
the conclusions that have been drawn
seems appropriate at this point.

Early in the paper it was shown, based
on the work of previous investigators,

MATERIALS AND CONSTRUCTION

4 A gradual decrease in temperature
of the air above the soil to below
freezing temperature.

Condition 3 is satisfied by the gran di-
ameter distribution of most stabibzed
soll mixtures. Conditions 2 and 4 were
provided for in the design of the freezing
cabmet Condition 1 was satisfied ar-
tificially for part of the specimens prior
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that the following conditions are neces-
sary for the occurrence of 1ce segregation
and frost heaving n soils
1. Capillary saturation of the soil at
the beginning or during the freez-
ing process
2. A free supply of water from within
or without the soil
3. A mmimum percentage (3 to 10)
of grains smaller than 0.02 mm.

8 10 i2 14
ELAPSED TIME IN

DAYS

Rate-of-heave, Series 3

to the test period by means of the pres-
sure saturator, and all specimens were
exposed to the necessary conditions for
naturally attainng capillary saturation
during the test period by placing their
bottom surfaces 1n a free water supply.

With one exception of some of the ini-
tial moisture content conditions which
require further study, the test conditions
are belheved to be reasonably within the
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hmits of those that might be expected
in the field

Only one soil type has been used 1
preparing the test specimens. This was,
however, farly typical of soils used m
stabihzation in which serious frost action
does occur
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Conclusions 1n regard to percentages of
admixture are based strictly upon the
results of those percentages actually
mvestigated. No interpolations are
made.

With the foregoing lmitations n
mind, the author has used the evidence
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Figure 22. Rate-of-heave, Serles 4

Of the seven requirements of a good
stabilized soil road outlned at the be-
gnning of the paper, only one, resistance
to frost action in stabihzed surface or
base, has been considered in this nvesti-
gation. The data are not intended to
be apphicable to the problem of frost
heaving due to 1ce segregation in the
subgrade.

presented n this paper to draw the fol-
lowing conclusions

GENERAL

1 Many of the types of stabilized
soll mixtures now 1n common use are
hable to serious damage by 1ce segrega-
tion, retarded to various degrees by the



288

stabilization process, but occurring just
a8 1t does in natural soils

2 Decisions as to the extent to which
frost damage may be expected to occur
1n a stabilized soil mixture can be made
only when the hmiting conditions of
initial and attainable moisture content
are known

MATERIALS AND CONSTRUCTION

usually only slightly less than for na-
tural soils

5 When a treated soill mixture begins
the test at a low moisture content, the
degree to which the admixture water-
proofs the soil 1s directly proportional to
the length of the period of nactivity
before heaving starts
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Figure 23. Rate-of-heave, Series 6

3 In general, natural fine grained soils
start to heave sooner, heave at a greater
rate, and reach a greater total heave
than do stabilized soill mixtures exposed
to the same conditions

4 Once capillary saturation is reached
and ice segregation begins 1n a stabilized
soll mixture, the rate of heaving 1s

6 The available data indicate that the
frost line probably penetrates a well
graded mixture at a greater rate than 1t
does a natural fine graned soil, resulting
m less total damage to the former but
approximately the same rate of heaving
for both

7 Percentage-of-heave data are not
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sufficiently constant to be used as a
criterion for rigid comparison of stabilized
soil mixtures, but should be used only as
a means of general classification of the
mixtures mnto heaving and non-heaving
groups

8 Any of the types of stabihized soil
mixtures included mn this investigation
can be saturated by a pressure of 30 1b
per sq mm applied for 24 hours or less

REGARDING ADMIXTURES

9 All of the admixtures tested are
much more effective in reducing frost
action when used with well graded soil
mixtures than when used with natural
fine-grained soils

10 Calcium oxide (2, 6, 10 per cent,
natural soil, 4 per cent, graded soil
maxture)! does not increase the mixtures
resistance to frost action enough to war-
rant its use for this purpose The mix-
tures take on water readily and, provided
water 1s available for capillarity, the
degree of saturation at the beginming of
the freezing period 1s of little consequence

11 Sodwum chloride (natural soil plus
1, 2, 3, 6 per cent, graded so1l mixture
plus 3, 1, 2, 3, 4 per cent) and calcium
chloride (natural soil plus 2, 4 per cent,
graded soll mixture plus %, 1, 2, 3, 4 per
cent) provide good resistance to frost
action primarily because of the freezing
pomnt lowering effect of the admixture
The data indicate that as long as the sol
retamns the chemical 1n 1ts full concentra-
tion, 2 to 3 per cent chemical prevents
freezing at —10 to —15°F and thereby
prevents frost damage

12 The resistance to frost action of a
soll cement mixture (natural soil plus
4, 6, 8, 10, 12 per cent, graded so1l mix-
ture plus 4, 6, 8, 10 per cent) 1s directly
proportional to the percentage of cement
and the degree of saturation of the mix-
ture at the beginning of the freezing
period. See No 14 for details

! Percentages mvestigated
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13 In general, the resistance to frost
action of bituminous mixtures 1s directly
proportional to the percentage of ad-
mixture and the degree of saturation at
the beginning of the freezing period
When 100 per cent saturated, serious
frost damage will occur in any of the
types of natural soil plus bitumen mix-
tures tested, up to 8 per cent admixture
More definite conclusions for use in fore-
casting frost damage in the bituminous
mixtures cannot be drawn until the study
of field moisture contents 18 completed

14 Based on the data presented, the
following group classifications can be
made

Group No 1, damaged by frost action at all
percentages of 1nitial moisture content.
Sandy clay (natural)
Graded mixtures of clay plus gravel and clay
plus sand
Sandy clay plus 2, 6, 10 per cent CaO
Graded soi1l mixture plus 4, 6 per cent CaO
Sandy clay plus 1 per cent NaCl
Sandy clay plus 1 per cent CaCl,
Graded so1l mixture plus 4 per cent CaCl,
Sandy clay plus 4 per cent portland cement
Sandy clay plus 2, 4, 6 per cent TC
Sandy clay plus 2, 4 per cent AES-1
Sandy clay plus 2, 4 per cent MC-1
Group No 2, Damaged only when imtial
moisture content was approximately 100
per cent saturation
Sandy clay plus 6, 8, 10, 12 per cent portland
cement
Sandy clay plus 4, 5, 8 per cent TM-2
Sandy clay plus 4, 6, 8 per cent AES-1
Sandy clay plus 4 per cent SC-3
Graded soill mixture plus 2 per cent AES-1
Graded soil mixture plus 2, 4, 6 per cent
RC-3
Group No 3, no frost damage at all degrees of
mitial moisture content
Sandy clay plus 3, 4, 6 per cent NaCl
Graded so1l mixture plus 4, 2, 4, 6 per cent
Na(Cl ’
Sand clay plus 3, 4, 6 per cent CaCl,
Graded so1l mixture plus 2, 4 per cent CaCl,
Graded soil mixture plus 4, 6, 8 per cent
portland cement
Graded so1l mixture plus 4, 6 per cent TM-2
Graded so1l mixture plus 4, 6 per cent AES-1
Graded soil mixture plus 44 per cent Bi-
tumls Stabihizer
Sandy clay plus 6, 8 per cent SC-3
Graded so1l mixture plus 2, 4, 6 per cent SC-3
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Mr. WINN With the occurrence of
frost action, the 1ce forms in horizontal
lenses and therefore all the movement is

vertical We measure the rise 1n the
body of the surface It does not move
laterally at all.
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FROST ACTION

of chemical based on the weight of dry
so1l or on the weight of mowsture present?

Mr WiInNN. It was based on the weight
of dry soil.

Mr Girn. You mentioned a figure of
2 or 3 per cent, would that vary con-
siderably with the sieve analysis of the
material?

Mgr. WinN. Yes





