FROST HEAVE
The temperature of soils near the ground surface reflects the
recent air temperatures. Thus, when the air temperature falls
below 0˚C (32˚F) for extended periods, the soil temperature
drops to a comparable level and the pore water turns to ice.

GROUND FREEZING and FROST HEAVE
The depth of freezing in the ground depends on:
• How far the air temperature falls below freezing,
• How long it remains there, and other factors.

• The depth is negligible in warm climates.
• But can extend to depths of 2 m or more when the winters
are very cold.

In arctic and sub-arctic regions, the depth of freezing is even
greater.
For geotechnical engineers, the most significant
consequence of ground freezing is FROST HEAVE,
which is an upward movement in the ground due to
the formation of underground ice.
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Due to frost heave, the pore water expands about
9 percent in volume when it freezes.
If the groundwater table is relatively shallow,
capillary action can draw water up to the frozen
zone where it forms ice lenses.
In some situations, this mechanism can move large
quantities of water, so it is not unusual for these
lenses to produce ground surface heaves of 300
mm or more.
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Additional damage can occur when the frozen
ground begins to thaw, especially if ice lenses
are present.
As the upper soil and ice lenses thaw, the resulting
soil has a much greater moisture content than it
originally had.
However, the deeper soils have not yet thawed,
so this excess water can not drain away,
resulting in a
very soft and
weak soil.

• This condition is especially troublesome
when it occurs beneath highways,
and is often the cause of ruts and
potholes.
• Once the soil completely thaws, the
excess water drains down and the soil
regains much of its original strength.

3

To evaluate the potential for frost heave at a given
site, geotechnical engineers consider the following
factors:

• The potential depth of freezing
• The frost susceptibility of the soil
• The proximity (closeness) of potential
sources of groundwater.
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To be considered frost-susceptible, a soil must be
capable of drawing significant quantities of water
up to the frozen zone through capillary action.
• Clean sand and gravels are not frost-susceptible
because they are not capable of significant
capillary rise.
• Conversely, clays are capable of raising water
through capillary rise, but they have a low
hydraulic conductivity, so they are unable to
deliver large quantities of water.
Therefore, clays are capable of only limited frost
heave.

• However, intermediate soils, such as
silts and fine sands,
Have both characteristics:
They are capable of substantial capillary rise
and have a high hydraulic conductivity.
Large ice lenses are able to form in these soils, so
they are considered to be very frost-susceptible.
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Highways and Other Pavements
•
•
•
•

Highways,
parking lots,
airports, and
other paved areas

are specially susceptible to damage from frost heave.
Some of these damage occurs during the winter as a result
of differential heaving associated with ice lenses,
But more damage often occurs in the spring when the soils
have partially thawed and contain trapped water.
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Heavy wheel loads from trucks or large
aircraft are especially troublesome during
the spring thaw
because they produce bearing capacity
failures in the weak soil,
which then causes the overlying pavement
to sink into the ground.
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Preventive Design Measures:

• Excavating the upper soils and replacing them
with non-frost-susceptible soils.
• Providing gradual transition sections between
frost-susceptible and non-frost-susceptible
subgrade soils.
• Restricting heavy traffic during the spring thaw.

• Installing thermal insulation between the
pavement and the underlying soils (this method
reduces the depth of frost penetration, but can
enhance the formation of ice on the pavement
surface, creating dangerous driving conditions).
• Increasing the thickness of aggregate base
courses to spread out the wheel loads and
provide greater overburden pressure on the
subgrade soil.
• Treating the subgrade soils with cement or lime.
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Unfortunately, these preventive measures are
often very expensive and may not be cost
effective for all pavements.
In addition, they are not always completely
effective.
Thus, maintenance crews are usually busy through
the summer to repairing these problems.
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