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CONCRETE changes in volume slightly during and after
the hardening period. Understanding the nature of these
changes is often useful to those engaged in concrete
work. Frequently, high stresses and cracking can be
prevented or minimized by controlling the variables
that affect volume changes.

If concrete were free to deform, normal volume
changes would be of little consequence, but since con-
crete is usually restrained by foundations, subgrades,
steel reinforcement or connecting members, significant
stresses may develop. This is particularly true when
tension is developed; thus restrained contractions caus-
ing tensile stresses in concrete are usually more im-
portant than restrained expansions which cause com-
pressive stresses.

For convenience, the magnitude of volume changes
is generally stated in linear rather than volumetric units.
The volume changes that ordinarily occur are small,
ranging in terms of change in length from a few up
to about 1,000 millionths. Changes in length are often
expressed in “millionths” (1 millionth is simply
0.000,001). For example, a change in length of 600
millionths may also be expressed as 0.000,600. This can
also be expressed as 0.06 per cent 6r 0.72 in. per 100
ft.

Normal volume changes of concrete are caused by
variations in temperature and moisture, and by sus-
tained stress. Many factors affect the magnitude of vol-
ume changes, and reliable information is available on
those factors that are the most important.

Temperature Changes

Concrete expands as temperature rises and contracts
as temperature falls. An average value for this length
change is about 5.5 millionths per deg. F., although

values ranging from 3.2 to 7.0 have been observed.
This average coefficient of thermal expansion or con-
traction is equivalent to a length change of 0.66 in. for
100 ft. of concrete subjected to a rise or fall of 100
deg. F.

Thermal expansion and contraction of concrete vary
with factors such as aggregate type, richness of mix,
water-cement ratio, temperature range, concrete age,
and relative humidity. Of these, aggregate type has the
greatest influence.

Table 1 shows some experimental values of the
thermal coefficient of concretes made with aggregates
of various types. These data were obtained from tests
on small concrete specimens in which all factors were
the same except for aggregate type. The fine aggregate
was of the same material as the coarse aggregate.

For ordinary conditions an average thermal coeffi-
cient of 5.5 millionths per deg. F. is sufficiently accurate
for most concretes. If greater accuracy is needed, tests
should be made.

Table 1. EFFECT OF AGGREGATE TYPE ON
THERMAL COEFFICIENT OF EXPANSION
OF CONCRETE®

Aggregate type Coefficient of expansion,
(from one source) millionths per deg. F.
Quartz 6.6
Sandstone 6.5
Gravel 6.0
Granite 5.3
Basalt 4.8
Limestone 3.8

*Coefficients for concretes made with aggregates from different
sources may vary widely from these values especially for gravels,
granites, and limestones.
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