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DAVID C. ESCH AND ROBERT L. McHATTIE

An intensive performance study of 120 Alaskan asphalt-paved roadway sections
was completed in 1980. Roadway-bearing strengths were measured weekly on
each section during the period of thaw weakening by means of a Benkelman
beam-type test procedure. Soil properties and layer thicknesses were evaluated
by use of test pit sampling. This study, which included sections from the dif-
ferent climatic regions of Alaska, has indicated certain soil particle sizes to be
ihe most critical factor in crack-free performance and resistance to spring thaw
weakening. The data acquired in the performance study have provided a basis
for the development of a new method of pavement design. This method pre-
dicts the maximum seasonal or design deflection level from the percentages of
particles smaller than 0.075 mm (No. 200 sieve) in the differant granular soil
layers beneath the asphalt pavement. Required pavement thicknesses for the
predicted traffic and design deflection levels are then determined by a previ-
ously developed overlay design procedure. This method is demonstrated to be
more reliable than previous designs based on the frost susceptibility classifica-
tion of the pavement layers.

In a field performance study of 120 existing Alaskan
flexible highway pavement sections completed in 1980,
more than 200 variables were analyzed to determine
their effects on pavement performance (1). Each
pavement was rated in terms of alligator fatigue
cracking, wheelpath rut depth, thermal cracking,
ride quality, and maximum springtime Benkelman beam
deflection level. Construction materials were sam—
pled from test pits at two locations within each
highway section. Soils were sampled to a depth of
4.5 ft. Laboratory testing included soil gradations,
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percent fracture, and in situ moisture content.
Laboratory frost-heave rate and Hveem R-value tests
were also performed for many of the sections. Addi-
tional variables that described the environment in
terms of climate, pavement age, and accumulated traf-
fic loadings were introduced into the data base.

The factors found to relate most strongly to the
springtime load-bearing capacity and to the amount
of fatigue (or alligator) cracking were the percent-
ages of particle sizes smaller than 0.075 mm in the
base and subbase layers (2). These layers extend
from a depth of 0 to 2 ft beneath the pavement (see
Figure 1). Particles passing a No. 200 mesh sieve,
i.e., particles smaller than 0.075 mm, and fractions
smaller than 0.02 mm are generally used as indicators
of frost susceptibility. Other ways of expressing
these particle sizes in this paper are Pygp sieve
or fines, <0,075 mm, and <0.02 mm.

It was also found that peak spring Benkelman re-
bound deflection levels has a strong positive corre-
lation with the observed severity of alligator crack-
ing (Figure 2). Relationships between alligator
cracking and pavement age indicate that this type of
cracking propagates rapidly once it exceeds 5 percent
of the combined wheelpath length of the test section.
From these conclusions it was apparent that if an
equation could be developed for maximum seasonal
deflection levels based on soil and climatic factors,
pavement cracking and fatique 1life could be
predicted.
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Figure 1. Average maximum deflections
for different P2gg contents in base course.
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Figure 2. Relationship between maximum deflection measurements on
pavements and alligator cracking.

50 -
40 |-
30

20 |-

ALLIGATOR CRACKING (%)

0 1 1 1
o 02 04 08

MAX. DEFLECTION {in)

Figure 3. Average deflections for pavement structures with different U.S.
Army Corps of Engineers soil frost classifications at two selected depths.
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ANALYSIS OF PREVIOUS DESIGN METHODS

Subsequent analysis of the data base obtained in
this study has demonstrated that the use of the U.S.
Army Corps of Engineers Frost Classification System
as developed originally by Cassagrande (3) did not
provide an accurate basis for predicting the relative
pertormance of the different sands and gravels used
in typical roadway pavement structures (Fiqure 3).
The Hveem R-value test and design method, in which
soil properties are determined in a soaked condition
with a modified triaxial-type test loading, also
proved of no value in predicting roadway fatique
performance in seasonal frost areas. This is prob-
ably because the method has no way of allowing for
the effects of frost action, which may greatly reduce
the strength levels of unbound gravels during thaw.
By using the results of the laboratory frost-
heave-rate test as a design method basis, test pro-
cedures developed by Kaplar (4) were investigated
and some potential was indicated. However, the
available test data from a small number of pavement
structures were not adequate to provide a statistical
basis for design. The only conclusion drawn was that
test heave rates in excess of 0.0784 to 1.181 in.
per day, at a freezing rate of roughly 0.75 in. per
day, were related to inferior field performance (3).
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DATA ANALYSIS BACKGROUND

By using multiple regression analysis, attempts were
made at predicting the spring thaw-weakened deflec-
tion levels of the 120 pavement sections studied.
The most important factors were found to be the per-
centages of < 0.075-mm size particles (Pygg sieve
or fines) in the upper unstabilized pavement system
layers. It is significant that these particle sizes
are also commonly considered to be the primary fac-
tors controlling the laboratory frost-heave rates
and resultant thaw weakening of sands and gravels.
Because of the greater ease of testing, fines content
(<0.075 mm) specifications are most often used for
field control of the frost susceptibility of unbound
granular pavement structural layers.

Climatic factors varied widely among the different
sections included 1in this study. However, even
though precipitation ranging from 10 to 100 in. per
year and freezing indexes from 800 to 6,000 degree-
days (Fahrenheit) per year, the influence of climatic
differences on the extent of thaw weakening measured
on the various sections did not appear to be statis-
tically significant. This may have happened because
all sections studied "undergo annual freeze-thaw
cycling and sufficient water always appears to be
available to cause frost heave and thaw weakening.
For these reasons, deflection correlation equations
were developed which had no climatic or regional
factors.

All references to maximum deflection 1levels in
this paper refer to the highest probable Benkelman-
beam-rebound deflection level as measured and cal-
culated in accordance with the Asphalt Institute
test method (5,6). Deflection measurements were
made weekly for 1 month during the spring thawing
season on each section studied. Data from each mea-
surement date were used to calculate the maximum
level for that date as the average deflection level
plus two standard deviations. The highest of these
maximum deflection levels obtained during the re-
peated weekly surveys was used subsequently to rep-
resent the design or maximum deflection level
(Dpax) for that roadway section.

In the original study analyses, the Pjgg con-
tent that related to increasing maximum Benkelman
deflection and cracking levels was identified at
depths from 0 to 4.5 ft beneath the asphalt pavement
layer, as shown in Figures 4 and 5. It is apparent
from inspection of these figures that increases in
Pypy content above those shown for the lowest de-
flection or =zero cracking levels will result in
increased thaw weakening and greater cracking.

Inspection of all soils gradation data obtained
in this study, however, indicated probable signifi-
cant direct relationships between the Pygp content
at the top and bottom of the pavement structures
examined. This can be explained geologically be-
cause, 1in regions having clean gravels commonly
available, the entire roadway embankment will most
probably be constructed of relatively clean gravels
from top to bottom. As a result, simple inspection
of existing pavement structures did not provide any
information as to the maximum depth at which the
designer must be concerned about the fines contents
and frost susceptibility of soil layers.

DEPTH OF WHEEL LOAD INFLUENCE

To resolve the question of the relative significance
of excessive fines content versus depth, it was nec-
essary to make some assumptions on the stress-strain
properties of the different layers of pavement struc-
ture. For analysis purposes, a standard dual wheel
loading was converted to an equivalently loaded
square 12,5 in. on a side at the bottom of the 2-in.
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Figure 4. Dual wheel-load strain reduction versus depth.
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Figure 5. Average fines content at different depths for roadways having
differant maximum deflection levele.
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pavement thickness typical of the sections studied.
The underlying pavement structure was assumed to be
represented by a homogenous elastic solid having a
Poisson ratio of 0.25. The vertical stresses and
relative strains at any depth beneath the surface
can than be determined from a typical Boussinesqg
stress chart (7). Then the total surface deflection
is determined by summing the net strains in each
layer. To simplify this analysis method, a plot of
wheel-load strain reduction versus depth was prepared
as shown in Figure 4. This curve was obtained by
integrating the Boussinesq stress versus depth curve,

thickness on surface deflection. This plot can then
be used to establish the relative contributions of
layers at different depths to the surface deflection.

From Figure 5 it is apparent that in a homogencus
pavement structure, as might occur when all layers
were equally resistant to frost action and thaw weak-
ening, the deflection related to wheel load is re-
duced by 50 percent at a depth of about 9 in. and by
95 percent at a depth of 40 in. This indicates that
soil properties in the base and subbase layers di-
rectly underlying the pavement are most critical and
that properties below the 3.5-ft depth are of minor
concern.

DEVELOPMENT OF EXCESS FINES CONCEPT

From Figures 5 and 6, it is apparent that increasing
Pygo content will result in increased pavement
deflections and increased fatigue or alligator crack-
ing. These plots, however, represent the average
fines content of roadway sections grouped by similar
levels of deflection and cracking and do not provide
a design basis as discussed above. The design con-
cept derived from these figures was that at any given
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Figure 6. Average fines content at different depths for roadways having
different percentages of cracking.
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Table 1. Pavement layers analyzed, stress reduction factors, and critical fines
content.
Depth Strain Critical
Layer Interval Thickness Reduction L'ines
No. (ft) (ft) (%) (% <0.075 mm)

1 0.0-0.50 0.5 45 6
2 0.5-1.0 0.5 23 6
3 1.0-2.0 1.0 19 9
4 2.0-3.0 1.0 4 20
5 3.0-4.0 1.0 3 80
6 4.0-4.5 0.5 1 100

deptn there 1is a critical fines content (Fgy)
which, if exceeded, will result in some amount of
frost action and thaw weakening detectable through
increased springtime-roadway deflections. The per-
centage by which the fines in any pavement layer
exceeds this critical fines value may then be termed
the excess fines content for that layer.

Tc determine the actual critical fines content at
each depth, the 120 pavement structures on which
this analysis was based were broken into six equiva-
lent layers, with thicknesses of 0.5 ft for the two
uppermost layers (commonly termed the base and sub-
base courses) and thicknesses of 1 ft below the sub-
base layer. The percentages of a typical wheel-
imposed stress carried by each of these layers was
then determined from the difference in stress reduc-
tion between the top and bottom of that layer (Fig-
ure 4), as shown in Table 1. The actual critical
fines content at the center of each layer was found
by inspection and analysis of the entire data base,
as explained later. It was discovered in this anal-
ysis that fines content (and other soil properties)
at depths greater than 3.5 ft had no significant
effect on measured, maximum-pavement deflections.

FINAL DESIGN BASIS

The basis used for empirically predicting maximum
deflections from the excess fines in each pavement
layer involves using two factors to characterize
each layer. The first is the percentage by which
the fines (Pygg) content of each layer exceeds, or
is expected to exceed, the critical fines content
(Pgcp) for that layer. The second factor is the
Gepth-related stress and strain reduction which oc-
curs between the top and bottom of each layer and
the resulting contribution of each layer to the total
surface deflection (Figure 4).

Pavement structures having no excess fines in any
layer are considered not frost susceptible and will
have some relatively low maximum deflection levels.
Each layer that exceeds its appropriate critical
fines content will contribute to increasing the max-
imum deflection level. The summed effects of all

Ter
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Figure 7. Critical (maximum) fines contents at various depths to assure the
lowest maximum pavement deflections during seasonal thawing.

PERCENT PASSING #200 SIEVE (Fines)
0 g10 20 30 40 S50 60 70 80

T T T T T i J ! °
~ = 12
2 =
I I
f=
a 2 12 K
a w
i [a]
] o 1K
Critical Fines (Per)
1 1 L 1 1 4 A .

Figure 8, Maximum deflections for different excess fines factors from
Equation 1.
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layers with excess fines is then used to determine a
single factor, termed the excess fines factor (EFF),
which represents that pavement structure for use in
a correlation equation to determine the probable
maximum deflection level. This design concept can
be stated by Equations 1 and 2.

EFF = (n/j=1) SRF; (P200 - Pcr)® m
where

SRFj = change in strain reduction factor for
each layer (from Figure 4),
j = layer number,
n = total number of layers,
Pygp = average percent of <0.075 mm particles
for each layer,
Pcy = critical percent of <0.075 mm particles
for each layer (from Figure 7), and
0.8 = exponent selected for best statistical fit.

Dmax = Do + K(EFF) )
where

Dy = a constant which depends on the required
confidence level and

K = regression coefficient.

To establish the highest level of fines at each
depth for which no excessive maximum deflections
occurred, a series of alternative positions of the
critical fines versus depth Pn,. line were used to
calculate alternative EFF factors for all 120 road
sections, These factors were then plotted against
the maximum deflections for each section. The final
position of the Por versus depth line was estab-
lished by inspection of these scatter plots and is
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shown in Figure 7. For all pavement structures that
had a fines content at or below the critical value
at all depths, the maximum deflection level averaged
0.025 in. with a standard deviation of 0.9056 in.
and never exceeded 0.036 in.

For those sections that exceeded the critical
contents of Figure 7 at any depth, the maximum de-
flection was predicted by the regression equation
shown by Equation 3, which had a standard error of
estimate of 0.015 in. When using this equation, the
designer must be concerned with the maximum probable
deflection level rather than the average (50 percent
confidence) deflection. The 95 percent confidence
level is suggested as a suitable basis for design.

DDyax = Dy + 0.0035 (EFF) 3)
where
DDpyx = design maximum deflection,

EFF = excess fines factor from Equation 1, and

Dy = constant selected from the listing below
depending on required level of confidence
that actual Dpay will be less than that
predicted by Equation 3.

Confidence Level Constant, D

o
(%) (in.)
98 0.061
95 0.056
90 0.050
50 0.031

The result of this design approach is indicated
by Figure 8. Note that predicted deflections assume
a 2-in. asphalt pavement thickness. After determi-
nation of the probable maximum deflection level for
a given structure, the pavement designer can then
provide an increased pavement thickness, if needed,
for the anticipated traffic levels. A suitable de-
sign chart for this purpose, from Asphalt Institute
Manual MS-17 (5), is shown in Figure 9. Details and
examples of this complete design approach are con-
tained in the Guide for Flexible Pavement Design and
Evaluation (8).

LIMITATIONS OF METHOD

Because this design approach was developed empiri-
cally based on existing Alaskan pavement structures,
it should not be applied to analysis of conditions
not represented by those sections observed. The
deflection prediction method is considered applicable
primarily to asphalt pavements ranging from 2 to 6
in. in thickness in areas where annual pavement
structure freezing occurs and placed on unstabilized
gravel base and subbase layers that contain no more
than 16 percent of particles less than 0.075 mm to a
depth of 1 ft beneath the pavement. The soil fines
encountered in the pavement structures comprising
the data base were essentially all nonplastic silts,
which are considered most susceptible to frost ac-
tion. Clayey gravels or clay subgrade soils were
almost never encountered and therefore are not rep-
resented in the data base. The ratio of the <0.02
mm to <0.075 mm particle size content averaged
approximately 0.6 percent for all samples tested in
this study.

SUMMARY

An empirical method was developed for using the minus
No. 200 particle-size (fines) content of soils in
the different layers of unstabilized pavement struc-
tures to predict the maximum thaw weakened deflection
levels. Equations were prepared for different con-
fidence levels. This method provided improved per-
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Figure 9. Design chart for required increases in pavement thickness based on
maximum deflection levels and traffic factors (Asphalt Institute Manual
MS-17).
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formance predictions as compared to the U.S. Army
Corps of Engineers Reduced Subgrade Strength design
method and frost susceptibility soil classifications,
and it is also superior to the use of Hveem R-value
test data as a basis for predicting performance under
conditions of seasonal freezing and thawing. The
Alaska Department of Transportation and Public Facil-
ities has recently adopted this approach for pavement
design purposes, and a design quide has been pre-
pared. This new design method was based on soils
and performance data from 120 roadway sections. The
maximum or critical fines content at various depths
that can be allowed without causing significant thaw
weakening of the pavement structure were established
for all roadway study sections. Soil layers that
have a fines content greater than this critical fines
relationship contribute to thaw weakening and are
used to predict the extent of weakening and the pave-
ment thickness required. ‘'his approach has been
termed the excess fines design method.
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The Val Gagne Pavement Insulation Experiment

T.M. LOUIE, W.A. PHANG, AND R.A. CHISHOLM

Since the first successful treatment of a frost heave problem in 1966 using
Styrofoam HI brand (trademark of Dow Chemical, now called Dow Chemical
Canada, Inc.) extruded polystyrene foam insulation, Ontario has used sub-
stantial quantities of insulation. However, knowledge of the performance of
the insulation has been limited to sparsely documented observations of some
sites where different types and amounts of insulation were used. In 1972 a
joint experiment was launched by the Ministry and the Dow Chemical Inc.
to construct, instrument, and observe the performance of pavement insula-
tion at Val Gagne in Ontario. Three thicknesses of insulation and four dif-
ferent taper designs were used in the experiment. Winter temperature pro-
files, frost penetration depths, and frost heave measurements were observed
during the winters of 1973-1977. The results of these observations were
used to verify a two-dimensional finite element heat flow computer pro-
gram intended for use in the design of insulation for controlling frost pene-
tration. Although the program accurately predicts ground temperature for
uninsulated situations and thinly insulated sections, ch in the program
are needed to correct inaccuracies in predictions of ground temperatures
when thick insulation is used. The results were also used to develop a set of
frost penetration prediction curves for various thicknesses of insulation and
for locations with different degree-days of freezing temperatures. These
curves may be used to select the appropriate insulation thickness for any
acceptable depth of frost penetration. Styrofoam insulation recovered from

the test site after 5 years shows virtually no structural changes or changes
in thermal properties.

Differential frost heaving poses serious potential
safety hazards and has perennial aftereffects on
highways in Canada and the northern areas of the
United States. Before 1966 all treatments of frost-
heaves in Ontario involved removal of the frost-
susceptible soil to great depths and/or ditching and
drainage to remove entrapped water and to lower the
water table. These treatments were not always suc-
cessful.

Research into the use of Styrofoam for highway
insulation began in the United States in the early
1960s, and by 1965 several full-scale experimental
projects had been constructed (1-4). These early
research sites were instrumented with thermocouples
and frost depth indicators to measure the insulating
properties of various thicknesses of Styrofoam in-



