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— CONCRETE IN SEA WATER

Concrete for sea water construction must be of
the highest quality. It must be impervious to pre-
clude the entrance of water to the reinforcement.
Failures of concrete in sea water exposures have been
traced chiefly to corrosion of the steel, which causes
spalling of the concrete.

Certain basic principles are well established by
which the quality of concrete can be controlled.
Observance of the following suggestions will pro-
duce concrete having the qualities required to with-
stand sea water exposure indefinitely:

The mixture must be proportioned to com-
pletely incorporate sound aggregates in a water-
tight paste.

A watertight paste necessitates strict control
of the mixing water. Mixing water should not
exceed 514 gal. per sack of portland cement. This
includes water entering the batch as free mois-
ture on the aggregates, which must be deducted
from the recommended 514 gal. to determine the
amount of mixing water for each batch.

The mixture should contain not less than 7
sacks of cement per cu.yd. of concrete.

The mixture should contain not less than 3 per
cent nor more than 6 per cent entrained air.

Aggregates should be physically sound and
unaffected by sea water.

The maximum size of aggregate should be not
larger than 4 the narrowest dimension of the
member, but in no case larger than 114 in. except
in plain concrete in mass sections.

Within the tidal range, provide 3 in. of pro-
tection for all reinforcement except at corners
where 4 in. of cover should be allowed.

Metal chairs for support of reinforcement must
not extend to the surface of the concrete.

Form ties should provide deep recesses in the
concrete which should be carefully filled and
pointed with mortar.

Proper placing of concrete, especially in the
tidal zone, that is, 2 ft. below low tide to 2 ft.
above high tide, is very important. Placing in this
zone should be a continuous operation, avoiding
horizontal joints or seams whenever possible.
Construction joints are sometimes unavoidable
on the larger jobs. Where they are to be made
the concrete should be left undisturbed until
after it hardens. The bonding surface should then
be cleaned thoroughly by sandblasting with a
jet of water and sand, removing all laitance and
exposing some of the aggregate particles. Cement

grout should then be broomed into the cleaned,
wet surface and the new concrete placed
immediately.

High frequency vibrators will permit placing
concrete of low water-cement ratio without
increasing cement content. At the same time, it
assures better bond with the steel and hence
better protection. Vibration applied directly to
the concrete appears to be the most effective.

Curing is one of the most important steps in
securing a watertight paste. Concrete should be
kept wet for at least a week or ten days and at
a temperature above 50° F. during this period.

Use of Sea Water for Mixing and Curing

In many locations sufficient fresh water for mixing
and curing concrete can be obtained only at great
expense and the question arises as to advisability
of using sea water for these purposes. Tests have
shown that compressive strength is little affected
by using sea water for mixing concrete. For con-
tinuous wet curing for a month or more, concrete
mixed with sea water has tested from 10 to 20 per
cent lower in compressive strength than similar con-
crete mixed with fresh water. This reduction in
strength is easily corrected by reproportioning the
mix, using somewhat less mixing water and some-
what more cement.

Comparative tests for durability are not available.
There are examples of structures in which plain con-
crete mixed with sea water has withstood exposure
to sea water over long periods. Most engineers cau-
tior against the use of sea water for mixing concrete
to be used in reinforced work because of danger of
corrosion of reinforcement. No definite conclusions
have been made from observations of structures in
service. Where corrosion has occurred, it has not
been possible to distinguish between the causes;
these may have been the use of a lean, porous mix-
ture, too thin a cover over the metal, or improper
placing, as well as the use of sea water for mixing.

In early investigations to determine the effects of
using calcium chloride as an admixture, the National
Bureau of Standards embedded steel reinforcing
bars in concrete specimens containing calcium
chloride and exposed them to the weather*. It was
found that after five years’ exposure, ‘‘corrosion
was absent over the greater portion of the surfaces
of the rods, what rust occurred being localized

*Proceedings, American Society for Testing Materials, Vol. 23,
Part II, page 327.
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