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Pavement Design for Permafrost Conditions: 

Structural and Thermal Requirements 

LYNNE G. COWE FALLS AND RALPH HAAS 

The existing Arctic road network is made up almost completely of gravel-sur
faced secondary roads for which design, construction, and maintenance pro
cedures are adequate. Proposed reconstruction and paving of the Alaska High
way in the next decade has raised several questions about the adequacy of 
pavement-design technology for permafrost areas. Because of the nature of 
permafrost terrain the problems of pavement design are twofold : provision of 
a structurally sound, smooth pavoment to allow safe possege of vehicles during 
critical thaw periods and prevention of thermal degradation of the subgrade 
and right-of-way. Recent research has concentrated on the evaluation of new 
materials and design configurations that minimize subgrade thaw settlement. 
Research into the structural performance of pavements on permafrost has been 
minimal. Identification of the structural and thermal bases for pavement de
sign in permafrost areas is a key requirement for the development of a design 
technology that includes economic anulysis and evaluation. This paper ex
amines the effects of environment, materials, and loading on the thermal and 
structural responses of insulated and conventional pavement designs on discon
tinuous permafrost. The vertical temperature and stress distribution for a 
range of feasible designs was analyzed by means of two computer programs. 
Dynamic traffic loading of the structures investigated did not produce exces
sive subgrade strains. However, the dead load of the structure contributed 
greatly to thaw consolidation of the subgrnde. None of the designs completely 
provcnted subgrade thaw. A t rade-off between doad load of the structure and 
thermal protection of the subgrade was identified. This conclusion provides a 
new justification for the use of low-density insulating layers in pavements on 
unstable permafrost. 

With the increased emphasis on northern construction, such 
as the jointly financed Canadian-U.S. project to reconstruct 
and pave the Alaska Highway, pavement-design technology 
needs to be able to consider permafrost conditions. 

On continuous permafrost where the depth of annual 
thaw is shallow, paved surfaces have been constructed with 
reasonable success by using conven t ional des ign technology . 
However, t he scale of the Alaska Highway projecl and the 
Instability of tile terra in that it Lraverses bri ng into serious 
question the adequacy of southe rn pavement-de ign methods 
appl ied to discontinuous permafrost . Althoug l1 equilibrium 
with ti e subgrade has been reached ill the 35-year existence 
of the Ala ka Highway, differential settlemen ts can be 
expected when additiona l construction (and in ma ny cases 
realignment) again upsets the therma l ba lance. AlthoL1gh 
these settlements would be relatively easy to correct if the 
highway were to remain a gra ve! surface, patching a nd 
padding on an aspha lt surCace will be much more expensive. 

urrent annua l maintenance co~ts foi· U1e gravel- su1·faced 
highway a re about $6500/km (J ). 1'he annua l ma intenance 
cost of a badly distorted and cracked paved surface would 
be substantially higher. 

The general purpose of this paper is to consider the 

design interaction between thermal and structural 
requirements for pavements on permafrost by using the 
Alaska Highway as a case history. There are three main 
objectives: 

I . Rev iew of t he general design problems associated 
with discontinuous permafrost, the applicabil ity of current 
de ign technology, and the use of experimen tal pavement 
desi gns; 

2. Fundamentally based analysis of the structural and 
thermal responses of a range of feasible designs for a 
variety of environmental, loading, material, and other 
conditions; and 

3. Evaluation of the boundaries within which structural 
and thermal trade-offs can be made within the factor space 
of 2. 

Some of the terms used in this paper are defined as 
follows: 

1. Permafrost: Soil or rock (or both) that has a mean 
annual ground temperature at or below 0°C for several years; 

2. Active layer: Depth below the surface at whic ll 
annua l temperature fluctuations are not felt, i.e., depth of 
maximum thaw; 

3. Continuous permafrost: Permafrost that has a mean 
a nnual ground temperature below -4°C--frozen ground is 
continuous (i.e., there are no breaks) and the active layer is 
shallow· and 

4. Discontinuous permafrost: Permafrost that has a 
mean annual ground temperature between 0° and -4°C--the 
active layer is very deep a nd the existence of permafrost is 
widespread; vege lation and topography dictate the presence 
or absence of frozen ground. 

DESIGN PROBLEMS, CURRENT TECHNOLOGY, AND 
EXPERIMENTAL DESIGNS 

Problems of Pavement Design in Discontinuous Permafrost 

In permafrost zones, where the mean annual ground 
temperature is at or below 0°C, thaw penetration has a 
greater effect on a pavem ent structure than does frost 
penetration. Because of the ice-rich nature of permafrost 
silts, clays, a nd organic soils, alteration of the surface 
characteristics causes an increase in the equilibrium ground 
temperature and a deepening of the active layer. Over the 
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long· term, increasing the mean ground temperature raises 
the bottom of the permafrost table. Both events will cause 
thawing of frozen groundwater, either interstitial or 
massive lens ice, and severe loss of strength (Figure 1). 

Beneath a road embankment, thawed permafrost can 
cause substantial settlement, rotational sliding of the 
embankment, or massive heaving when freezeback occurs. 
All these render the structure either impassably rough or 
structurally unsound and result in premature loss of 
serviceability. This one-way causal link between subgrade 
thaw and loss of structural strength has long been known. 
However, not much work has been directed at the possibility 
of a causal link that operates in the opposite direction, i.e., 
that structural loading, either dynamically or statically, 
may affect thaw consolidation of the subgrade soil. 
Similarly, little research has been done on identification of 
areas where trade-offs can be made between thermal 
protection of the subgrade and structural performance of 
the pavement. Understanding this trade-off is a key 
requirement in the economic analysis of alternative design 
types. Not only will this knowledge help in the analysis of 
design strateg·ies, but also it will provide a mechanism for 
the generation of alternative pavement designs. 

Existing Design Technology 

A review of current design technology (2) has used three 
procedures as examples-those of the U.S. Army Corps of 
Engineers, the state of Alaska, and the USSR. 

Although these procedures represent a working 
technology and the efforts of highly capable engineers and 
scientists, they have a number of limitations. First, they do 
not provide for estimating performance (i.e., the 
serviceability-age relationship). Second, because experience 
with pavements on permafrost is considerably less than that 
for southern conditions, design errors are much more likely 
to occur, and little verification of the design methods has 
been conducted. Third, the concurrent requirements for 
structural adequacy and thermal protection are not 
considered in a fundamentally based and integrated manner. 

Experimental Pavement Designs 

Several experimental pavements have been built and tested 
on permafrost. Most of the test designs incorporate an 
insulating layer to retard penetration of the thaw front, 
although passive methods, such as by painting the asphalt 
white or by using chemical additives, have also been used. 

Esch (3) has described a test road in Fairbanks, Alaska, 
which is -in a warm permafrost zone (mean annual air 
temperature, -2.8°C; active layer, 0.4-0.5 m). Three 
sections were constructed--control (gravel), 51 mm of 

Figure 1. Effect of terrain disturbance on thermal profi)e of permafrost. 
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Styrofoam, and 102 mm of Styrofoam. The results indicated 
that both insulation thicknesses were effective in retarding 
thaw, although the more economical solution would be to 
use the thinner section whenever possible. 

Smith, Berg, and Muller (4) used polyurethane as a 
surface insulation and wearing -course on a temporary haul 
road in northern Alaska. Varying thicknesses of two 
densities of polyurethane were foamed on a wood-chip 
leveling course and covered with a thin layer (150 mm) of 
gravel and aluminum matting. Transition zones of gravel 
and wood chips linked the sections. The foam withstood 
1000 passes of a rubber-tired 1540-kg/axle vehicle with less 
than 10-mm rutting. However, it began to crumble after 
only 8 passes of a 2415-kg/axle vehicle. 

Berg and Aitken (5) built five test sections in Fairbanks 
on undisturbed ice-rich silt that had a minimum active layer 
of 300 mm. The test sections were control asphalt 
concrete, white-painted asphalt, compressed peat subbase, 
black-painted gravel, and normal gravel. Permafrost 
degradation was greater beneath the asphalt-concrete 
section and least beneath the white asphalt, which 
demonstrates the profound effect of surface color on 
thermal regimes. 

Fulwider and Aitken (6) obtained similar results with a 
white-painted asphalt on -a runway at Thule, Greenland. 
They found a one-month lag and a 35 percent reduction in 
thaw penetration in a painted section compared with the 
results from an untreated asphalt surface. 

Hennion and Lobacz (7) describe the use of a 
membrane-encapsulated soil layer constructed on Fairbanks 
silt. The silt was dried to 14 percent moisture content and 
placed between two polyurethane-cloth layers treated with 
cationically emulsified asphalt. After two years and 106 
passes with an 8000-kg/axle vehicle, no sign of distress was 
visible although the silt had absorbed 40 percent of the 
moisture. 

The Sulphur Development Institute of Canada and the 
Chevron Company constructed a test section insulated with 
sulfur foam on the Dempster Highway at Arctic Red River 
in the Northwest Territory in 1975; this project was based 
on the results from a test road in Calgary. No observations 
have been published, but it is expected that the sulfur will 
adequately insulate the road structure in this 
continuous-permafrost zone. Sulfur has the potential 
advantages over Styrofoam that it is easily transported and 
mixed on site and that there is a relatively good supply. 

From the previous discussion, it can be seen that the 
major emphasis of the work on insulated embankments has 
been toward an understanding of the efficiency of various 
media for protecting the subgrade. Preliminary studies on 
structural behavior have been started by the Alberta 
Research Council (8) on sulfur foam (Furcoat) and, 
according to Louie of the Dow Chemical Company, on 
Styrofoam (HI). Both studies analyze vertical and tensile 
strains in the insulating layer to determine whether they 
exceed material strength, particularly during construction, 
when excessive loads are placed on the structure. 
Christison (8) concludes that the compressive strength of 
sulfur foam -is not exceeded when the asphaltic wearing 
course is greater than 65 mm. Placement of the insulating 
layer directly below the wearit1g course results in large 
t ensile strains at the asphalt-insulation interface, which 
could accelerate pavement fatigue. 

Louie's study centered on the minimum lift of granular 
base course required over Hl35 and Hl60 Styrofoam to 
prevent compression of the Styrofoam during construction. 
He stressed that maximum protection was reached with 900 
mm of gravel over Hl35 and 450 mm over Hl60. All tests 
were done under a 179-k N load that simulated a Caterpillar 
tractor. 

RESEARCH STUDY 

The joint Canadian-U.S. Alaska Highway project (Shakwak 
Project), the case study for this research, represents a real, 
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current, large-scale situation in which insulated pavements 
can be a feasible alternative. 

The original proposal (1 ), which formed the background 
for this project, concluded- that the following three major 
design alternatives were most feasible and practical at that 
time: (a) a sulfur-foam-insulated pavement, (b) a 
Styrofoam-insulated pavement, and (c) a gravel-insulated 
(conventional) pavement. Figure 2 illustrates these 
alternatives and the configurations of the component layers. 

Research Approach 

In order to investigate the problem efficiently and to 
bracket expected design situations, two environmental and 
four design variables were arranged in a complete factorial 
(Figure 3). This factorial form provides an efficient means 
for studying the relationships between the dependent 
variables of thaw depth and dynamic structural response and 
the independent variables of design and environment. The 
levels chosen for the independent variables of Figure 3 
represent practical upper and lower expected design limits. 

The factorial was used in t.wo phases of the study: (a) 
analysis of thaw depths within the various road structures by 
using a one-dimensional microclimatic simulator, FROST, 
developed at Carleton University in Ottawa and (b) analysis 
of lhe magnitude of stresses and strains by using the 

Figure 2 . Proposed design types: Shakwak Project. Alaska Highway. 

Figure 3. Factorial design. 
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bitumen-structures-analysis-in-roads (BISAR) computer 
program from Shell Research for elastic layers. Data used 
to characterize the materials were taken from the 
literature and are given in Table 1. [Those values for which 
there is no other reference are from Watson, Rowley, and 
Slusarchuk (12).] 

The results of these two phases were used to isolate 
areas in which trade-offs could be investigated in detail and 
to derive a rough method for meeting the design constraints 
of thermal protection and structural response. 

Results of the Thaw Analysis 

Results of the thaw analysis, shown as the depth of thaw 
below the subgrade surface, are summarized in Figure 4. 
l:lecause of the varying thicknesses and types of materials 
used, all structures have been equated to equivalent 
granular thickness (EGT) based on the thermal diffusivity of 
gravel (considered to be 1.0) relative to each material (see 
Table 1 ). The following effects are evident in Figure 4: 

I. None of the designs tested was adequate in 
preventing subgrade thaw in discontinuous ice-rich and 
ice-poor permafrost soils. Therefore, either some tolerance 
should be required in construction scheduling (i.e., stage of 
construction of embankment and asphalt wearing course) or 
the pavement design should be built to minimize 
postconstruction high-level maintenance costs during the 
equilibration period. 

2. The most significant factor in preventing subgrade 
thaw is the total height of gravel fill used in the design of 
pavements on discontinuous permafrost. That is, subgrade 
thaw penetration decreases as the height of fill increases. 

3. There was little difference in the effect of the two 
synthetic insulating materials. The design of the factorial 
was such that insulation thicknesses were adjusted to 
account for differing thermal properties so that the amount 
of subgrade thaw was controlled. An economic analysis 
could be done either by comparing insulating media strictly 
by equality of thickness and measuring the amount of thaw 
or by calculating the cost per millimeter of thickness. 

4. Subgrade soil type has a significant effect. The 
higher moisture content of silt accounts for the difference 
in thaw depth, since the latent heat effect of water retards 
thaw penetration. However, because of this higher moisture 
content a structure on silt can tolerate substantially less 
subgrade thaw than could a structure on a drier alluvial soil. 

5. Asphalt thickness has little effect on subgrade thaw. 

Based on the results of the simulator, a simplified model 
for thaw-depth prediction was developed in terms of design 
variables. 
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Table 1. Thermal and 
mechanical properties Thermal Conductivity Heat Capacity 

of materials used in 
(W/m·K) (J/kg·K OOOs) Thermal 

analysis. 
E 

Material Frozen Unfrozen Frozen Unfrozen (MPa) µ 
'A Equivalency 
(m/s') Based on A8 

Asphalt 300/400 0.926 0.926 3.02 3.02 693 (2) 0.3S (2) 0.0033 1.3 
Granular base 1.383 1.88 I.SS 1.72 346 (_!Q) 0.30 0.0109 1.0 
Fill 1.299 1.80 I.SS 1.68 48S (_!Q) 0.30 0.0100 1.0 

138 (wet) 
Silt 4.19 2.18 0.2Sl O.S02 17b 0.2S (ll) 
Alluvial 1.383 1.877 1.72 I.SS 104b 0.27 
Styrofoam 0.3S2 0.3S2 41.90 41.90 14< 0.25 0.0030 3.6 
Sulfur foam 0.659 0.6S9 20.4S 20.4S 42 (§_) 0.25 0.0010 10.9 

Note: E :::: modulus of elasticity;µ= Poisson's ratio; A= thermal diffusivity . 
8 Gravel = 1.0. bAssumed. cDow Chemical Company. 

Figure 4. Results of 2.5 
thaw analysis. 
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The rationale behind development of approximate 
simplified models based on the results of more-complex 
mat11ematical models used to calculate thaw and vertical 
subgrade strain lies partly in their use. Designers do not 
usually llave either the time or the resources to rigorously 
evaluate all the possible combinations of alternatives. 
Inclusion of fundamental design variables, such as materials 
and thicknesses, in an approximate model permits these 
simple calculations to be used at least as an initial design 
tool; moreover, the computations can be done with a hand 
calculator. A simplified model, it should be stressed, is 
intended to be used as a guide. 

The model derived is 

m = a+ b °C - c (In EGT) (!) 

where 

m =thaw below subgrade surface (m ), 
a= 4.6118 for ice-poor soils and 3.4039 for ice-rich soils, 
b = 1.0106 for ice-poor soils and 0.87 for ice-rich soils, and 
c = 47.13 for ice-poor soils and 46.91 for ice-rich soils 

and for which R2 
= o.s·2. 

This model may be used in two ways. First, it can give a 
quick evaluation of proposed alternative designs on a project 
basis to determine whether any will cause excessive thaw. 
Second, again for evaluation of alternative designs, when 
the allowable thaw depth is fixed (for example, in the case 
of massive ground ice), the model may be used to estimate 
the minimum EGT required. 

Results of the Structural Analysis 

In the design of flexible pavements, two elastic strains are 

usually considered critical-the horizontal or radial tensile 
strain at the bottom of the asphalt and the vertical 
compressive strain at the top of the subgrade. Excessive 
radial strain in the asphalt produces fatigue cracking of the 
surface, and excessive compressive strain at the top of the 
subgrade leads to permanent deformation, which is 
manifested by surface rutting. Fatigue cracking in arctic 
areas is usually of minor importance compared with 
thermal-shrinkage cracking and cracking caused by 
differential settlement of the structure. Although radial 
strain at the bottom of the asphalt layer was examined as 
part of the output, fatigue cracking was not expected to be 
a major problem unless it was initiated by structural 
settlement. 

Deformation of the structure is the most commonly 
observed pavement distress in arctic areas. Although much 
of this deformation is attributed to thaw settlement of the 
subgrade, the · degree to which excessive vertical 
compressive subgrade strain accelerates this process is 
unknown. Therefore, vertical subgrade strain was 
investigated in this phase of the analysis. 

Prior to analysis of all the designs of Figure 3, a 
preliminary pilot analysis of strains and stresses for sample 
designs (Table 2) in the factorial was conducted to determine 

l. Magnitude of vertical strain (e:vl at the insulating 
layer-base interface, 

2. Tension or compression of insulation, 
3. Effect of inclusion of a soft insulating layer on 

excessive tension in the asphalt layer, and 
4. Dead load of the thickest and thinnest structures (3 

and 4, Table 2). 

lVl aterial properties used in this analysis were given in Table 
l. Dynamic loads were used that simulated a single-axle 
load (40 kN), an off-highway gravel-haulage vehicle (72 kN), 
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Table 2. Designs used in preliminary structural analysis for strains and stresses. 

Thickness (mm) Thaw 
Below 

Design lnsula· Subgrade 
Number Asphalt ti on Fill Insulation Soil (mm) 

JOO 130 1000 Sulfur foam Ice-rich 603 
Ice-poor 1702 

'.! 50 160 500 Styrofoam Ice-rich 867 
fee-poor 2160 

3 50 260 500 Sulfur foam Ice-rich 907 
4 100 300 1000 Gravel lee-rich 608 

Table 3. Results of elastic-layer analysis for sulfur-foam and for Styrofoam 
designs. 

Location 
Below 

Load Surface Er Ev av 
Design (kN) (m) (mm/mm) (mm/mm) (kPa) · 

Sulfur Foam, Design I 

On ice- 40 -0.10 0.000 020 89 
rich -0 67 - 14.62 
soH -0.80 

-1.80 -0 .000 027 7 - 2.55 
-2.40 -0 .000 010 2 - 2.34 

72 -0.10 0.000 040 2 
-0.67 -24.27 
-0.80 
-1.80 -0.000 048 5 -4 .50 
-2.40 -0 .000 179 -3 .7 1 

179 -0.10 -0.000 064 2 
-0.67 -40.95 
-0.80 
-I .80 -0.000 108 -I 0.48 
-2.40 -0.000 427 -8.76 

On ice· 40 -0.10 0.000 021 0 
poor -0.67 -14.89 
soil -0.80 

-1.80 -0.000 025 I - 2.94 
-2.40 -0.000 02 I 2 - 1.37 

Styrofoam, Design 2 

On ice- 40 -0.05 0.000018 14 
rich -0.59 - 16.4 1 
soil -0.7 5 

-1.25 -0.000 061 99 - 2.39 
-2 . 1 I -0.000 I 66 7 - 1.20 

72 -0.05 -0.000 132 5 
-0.59 -26.38 
-0.75 
-1.25 -0.000 I 07 -8 .76 
-2 . 11 -0.000 294 -6.07 

I 79 -0.05 0.020 3 
-0.59 -43 .02 
-0.75 
-1.25 -0 .000 221 - 19.51 
-2. I I -0 .000 686 - 14. 13 

On ice- 40 -0.05 0.000 023 5 
poor -0.59 - I 7.44 
soil -0.75 

-1.25 -0.000 05 l 6 - 6.54 
-2. I I -0.000 066 5 - 3.44 

Note: f r = radial strain at bottom of asphalt layer (negative values indicate tension); 
e11 "' vertical strain (negative values Indicate downward strain); a11 = vertical 
stress (negative values indica te dowP\w rd stress). 

and a Caterpillar 651 bulldozer (179 k N). Results of this 
part of the analysis are given in Table 3 and are summarized 
below. 

l. From the results of the structural analysis, it can be 
concluded that load-associated fatigue cracking will not be 
a problem with either the sulfur-foam or the Styrofoam 
design. Radial strain at the bottom of the asphalt layer is 
quite small in both designs for standard highway loads (40 
k N ), and only under construction loads (179 k N) is there any 
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Figure 5. Frozen dry density versus one-dimensional thaw strain. 
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cause for alarm about fatigue cracking of either the asphalt 
or the insulating layer. The number of equivalent 
single-axle loads (40 kN/wheel) over a 20-year design life of 
the Alaska Highway is not expected to exceed one million 
applications (l); hence, dynamic loading by traffic alone will 
have little effect on the service life of either design. 

2. In both designs, the amount of granular base course 
overlying the insulation is adequate and prevents excessive 
compressive stress. However, there is a greater potential 
for fatigue cracking in the Styrofoam than in the 
comformable sulfur foam because the Styrofoam acts like a 
slab. 

3. The effect of varying asphalt layer thickness can be 
seen by comparing the vertical stresses on top of the sulfur 
foam and the Styrofoam. Vertical stress is 11 percent 
higher on top of the Styrofoam that has a 50-m m asphalt 
layer. From a stress-strain curve for Hl-60 published by the 
Dow Chemical Company of Canada, the amount of 
compressive strain expected under the heaviest load 
(av= 43 kPa) is less than 0.01 mm/mm. 

4. The dead-load analysis involved a calculation of 
vertical stresses at the subgrade-base interface for the 
lightest and heaviest structural dead loads. The lightest 
dead-load is sulfur-foam desig·n 3, which has a total load of 
2.59 kPa on top of the subgrade. The heaviest load is gravel 
design 4, which has a load of 3.38 kPa on the subgrade. 
These results have been analyzed further in terms of 
evaluating the magnitude of the effect o( static weight on 
subgrade settlement (ll). In Figure 5 [after Luscher and 
Afiii (J 3)], the ve1·ticnl subgrade stress for lhe thickest and 
thinnest structures is plotted; if we assume a frozen dry 
density of 1400 kg/m 

3 
and a mois ture content of 60 

percent, there is no one-dimensional thaw strain. This graph 
assumes that all moisture in the soil is interstitial. 
However, if 30-60 percent of the moisture is lenticular ice, 
the frozen dry density is reduced to 1200 kg/m' (60 
percent) and the one-dimensional thaw strain ranges from 10 
to 20 percent, which is quite high. 

Stresses and strains in Table 3, it should be restated, are 
for dynamic loads. If the structure were not resting on a 
highly unstable, thawing, ice-rich subgrade, one could 
conclude that these designs were more than adequate for 
summer design-life traffic loads. However, the very fact 
that the subgrade is highly unstable and sensitive to minor 
changes in the environment leads to the conclusion that the 
greatest structural problems are brought on by thaw 
settlement of the structure. 

Asphalt thickness was found to have little effect on the 
amount of subgrade thaw, but in the structural analysis it 
was found that under heavy construction loads a thin asphalt 
layer on a :Styrofoam design undergoes severe tension, which 
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will probably result in premature cracking. This suggests 
that t;tyrofoam sections will require a thicker asphalt 
wearing course if the initial design service life is to be met. 

The most important trade-off identified is in the total 
height of the embankment. Originally, insulated pavements 
were justified on the grounds that they minimized (a) 
aggTegate use in areas of short supply or marginal materials 
and (b) structural damage by preventing thaw penetration of 
the subgrade. 

From the results of the two analyses, it was concluded 
that the greatest structural damage is produced by the dead 
load of the structure on thawed ice-rich permafrost. 
Therefore, by decreasing the embankment height by 
inclusion of lightweight insulating materials, the dead-load 
effect is reduced. Reduction of the amount of gravel does 
not alter the structural behavior of the pavement under the 
range of loads that were investigated; therefore, greater 
benefit can be derived from a lighter structure. 

CONCLUSIONS 

The development of a comprehensive design technology for 
pavements in areas of discontinuous permafrost is a 
complex, large-scale problem. Moreover, fixed observations 
of performance in order to verify designs are a major need. 
The investigation reported here was directed toward 
developing some of the initial, fundamentally based design 
technology. It was primarily concerned with identifying the 
relative effects of design, material, and environmental 
factors on the thermal and structural responses of 
pavements on discontinuous permafrost. 

The study has shown that dynamic traffic loading, for 
the range of conditions investigated, is not a major factor in 
fatigue cracking and permanent deformation of pavements 
in permafrost areas. However, the static dead load of the 
fill and pavement structure on the subgrade can be a major 
contributor to thaw settlement. Based on this conclusion, 
inclusion of a layer of low-density lightweight material in a 
pavement decreases the total dead load of the structure and 
the thaw penetration and thereby makes a double 
contribution to the prevention of subgrade thaw settlement. 

A major problem during the investigation was 
determining in situ soil properties during thaw for the 
structural analysis. Much work has been done in the 
laboratory on typical soils in their frozen state, but few 
data have been published for ice-rich permafrost soils during 
or after thaw. 

The investigation was essentially exploratory and 
theoretical, with input information acquired from various 
sources. The effects described need to be verified by field 
work, laboratory simulation, or both. Although the 
long-term essential requirement is to assemble data on the 
performance of pavements on permafrost, more immediate 
laboratory verification work is possible. 
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