






























































cement bases, and it is very severe with ATB. The heave
at transverse cracks varies up to 2 in. (50 mm) or more
and affects the pavement about 2 to 3 ft (0.6 t0 0.9 m) on
cach side of the crack. In Alberta similar phenomena.
termed “crack-bumps.” are especially severe on pavements
with unbound bases over highly plastic clay subgrades,
where as much as 3-in. {76 mm) heave above normal pave-
ment grade has been reported: damage 15 slight on pave-
ments with soil-cement bases, and problems are now ap-
pearing on some full-depth asphaltic pavements.

A recent study by Shahin and McCullough (26) indi-
cates that a substantial portion of cracks that to date have
been attributed to low-temperature shrinkage may actually
be caused by thermal fatigue. The computer model de-
veloped as part of the study includes both low-temperature
cracking and thermal-fatigue cracking and the computed
data correlate closely with observed data at a few iocations
in the United States and Canada. Additional field data are
necessary to validate the thermal-fatigue concept.

Thermal changes also are usually the cause of reflection
cracks. characterized by upward propagation of cracks
through an overlay pavement from cracks or joints in the
former surface laver. Both daily and seasonal temperature
fluctuations can give rise to reflection cracking. w hich is by
no means unigue to the seasonal frost areas. The problem
of control or prevention of reflection cracks through as-
phaltic concrete overlays has not been adequately solved.
and in the colder regions it is even more difficult because
it becomes an integral problem with the low-temperature
contraction cracking phenomenon. Design approaches to
solutions for the latter are outlined elsewhere herein: tech-
niques for minimizing reflection cracking are outside the
present scope and were treated recently by the Highway
Research Board (27).

Micration of Coarse Particles

As a result of freeze-thaw cycles over a period of years,
large stones present within the frost zone in a subgrade or
base course that is even slightly frost susceptible will even-
tually be heaved upward to the surface and will produce
surface roughness and damage to both rigid and flexible

Fieure 12. Example of multiple secondary crack (24).

Fieure 11. Pavement in Ontario severely afiected by low-tem-
perature contraction crachs (25).

pavements. Figure 13 shows a stone that has surfaced
through a flexible pavement. The mechanism of the rais-
ing of a stone by frost action is shown in Figure 14. ob-
tained by time-lapse photography from a laboratory ex-
periment (29). When the soil containing the heaved stone
thaws. some of the softened soil next to the cavity beneath
the stone fiows or tumbles into the cavity. preventing the
stone from recovering entirely its previous position. In
successive freeze-thaw cycles the process is repeated and in
this way the stone rises steadily toward the surface.

Stone (approx. Y in.) raised by frost action until it

Figure 13
has broken through the pavement surface (28).
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Icings in Drainage Structures and on Roadways

The term icing is applied to several different phenomena in
seasonal frost areas, and these all differ in the way ice de-
velops or accumulates. In the present context. however, an
icing is a formation of ice on a surface or in a location
where it presents an operational or maintenance problem.
Typical examples are ice-filled culverts, ice buildups on the
faces of rock-cuts, ice-filled ditches. and ice layers on pave-
ments originating from surface water flow. (Direct icing of
pavements by meteorological processes—i.e., glaze or freez-
ing rain—is outside the scope of this synthesis.) Flooding
of roadways and possible ice formation on pavements may
occur where ice obstructs culverts or ditches: the origin of

Fioure 14. Time-lapse photos of a stone being raised through soil by
top of the stone: (2) (abour 30 hr later) the soil above the stone
being lifted by the grip of the frozen soil around it, leaving a void under the stone:

the flow may be snow melt, rainfall. or groundwater seepage.

In the warmer seasonal frost areas, many of the icings
tend to form during periods of alternate freezing and thaw-
ing weather, especially when freezing and thawing occur
rapidly, as in ecarly spring when thawing in the daytime is
followed by freezing at night. In addition, sites where water
emerges as a Spring or seepage may experience icings during
much «r all of the winter. In the colder seasonal frost areas
(i.c.. the upper Midwest. the northern Great Plains, the
northern Rocky Mountains, most of Canada, and almost all
of Alaska), the icing problems are often of long duration
Icings may grow in size throughout much of the winter

season. reaching pavement elevations and requiring periodic

frost action (29), showing: (1) frost line approaching the

has heaved. leavine a void: (3) (about 12 hr later) the stone is

(4) tabout 79 hr later) the stone has moved

up a considerable distance and the cavity below has become slightly narrower and filled with water, which has frozen.
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