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Drying Shrinkage and Cracking of Mortar
and Concrete

Kazuo OmnwNo

Synopsis

This paper includes the results of four series of laboratory tests on the shrinkage
and cracking of mortar and concrete.  Tentative conclusions for these results and my
previous reports are given. .

1. Shrinkage of rich mortar during the firstday after mixing.

Rich mortar mixed with a kind of portlandcement shows a 1ema1kable shrinkage
during its setting period in the air. Sometimes it is larger than the shrinkage which will
occur after the second day, but it will be controlled by careful moist-curing. When this
first day shrinkage is constrained, 809 of which vanishes as plastic deformation and only
209%; remains as elastic. The specimens which are constrained their shrinkage for the
first day, show some decrease of their strength and elasticity.

2. Quantitative study of expansion and shrinkage of mortar.

Varying the water-cement ratio, proportion and curing conditions, 201 specimens

were tested. Following formula for mortar is derived for expansion in the water :
Expansion = a log (14+5D) %1071, a = kfc+m)~*=

where, D is period in water, days, m is number of parts of fine aggregate to one of

cement by weight, b, ¢, &y and % are numerical constants. The volume change is scarcely

effected by the water-cement ratio.

It is more complicated for drying shrinkage, Some charts showing contours of the
equal shrinkage are given in this paper. And a relation between shinkage of mortar
and shrinkage of cement paste is derived as follows:

ey = ——p e
Dy le A
E, Ap
where, ea, €, and e, are the drying shrinkage of mortar, cement paste and fine aggre-
gate respectively; E, and E, are the elastic modulus of cement paste and aggregate, 4,
and 4, are the cross-sectional area of cement paste and aggregate.
From this formula we can suppose how to decrease the shrinkage of mortars.
3. Effects of silt on drying shrinkage.
Silt contained in aggregates accelerates and increases the drying shrinkage of mor-
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tar and concrete. Specimens of a new type of constraining shrinkage are proposed, and
the states of cracking of.mortar and of concrete are observed. It is confirmed that the
value of critical shrinkage, which occurs cracking, is about 400 millionths.
4. Shrinkage of concrete in dry and medium consistency.

Drying shrinkage and cracking of concrete having four kinds of water-cement ratio
(40, 50, 60 and T0% by weight) and with five kinds of proportions (1:3, 1:4, 1:5, 1:6
and 1:7 by weight) are observed. Altove-mentioned formula for shrinkage of mortar
can be also applied for shrinkage of concrete. The result obtained by constraining
shrinkage of concrete shows that, if the shrinkage is less than 400 millionths, concrete
will be free from deep cracking, although some hair cracks at its surface are inevitable.
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