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Another ingredient for good quality concreteisair en-
trainment. It is necessary to protect the concrete from
freezing and thawing damage. Air entrainment also re-
duces bleeding and the corresponding increased per-
meability dueto the bleed channels. Spalling and scal-
ing can accel erate corrosion damage of the embedded
reinforcing bars. Proper scheduling of finishing opera-
tions is needed to ensure that the concrete does not
scale, spall, or crack excessively.

The correct amount of steel will help keep crackstight.
ACI 224 hel psthe design engineer to minimizethefor-
mation of cracks that could be detrimental to embed-
ded stedl. In general, the maximum allowable crack
widthsare 0.007 inchin deicing salt environments and
0.006 inch in marine environments.

Adequate cover over reinforcing steel is aso an im-
portant factor. Chloride penetration and carbonation
will occur in the outer surface of even low permeabil -
ity concretes. Increasing the cover will delay the onset
of corrosion. For example, the time for chloride ions
to reach a steel rebar at 2 inches from the surface is
four times that with a 1 inch cover. ACI 318 recom-
mendsaminimum of 1.5 inchesof cover for most struc-
tures, and increases it to 2 inches of cover for protec-
tion from deicing salts. ACI 357 recommends 2.5
inches of minimum cover in marine environments.
Larger aggregates require more cover. For aggregates
greater than ¥, inch, arule of thumb is to add to the
nominal maximum aggregate size %, inch of cover for
deicing salt exposure, or 1-*/4inch of cover for marine
exposure. For example, concrete with 1 inch aggre-
gatein amarine exposure should have a2-%, inch mini-
mum cover.

The concrete must be adequately consolidated and
cured. Moist curing for a minimum of seven days at
70°F is needed for concrete with a 0.40 w/c ratio,
whereas six months is needed for a 0.60 w/c ratio to
obtain equival ent performance. Numerous studies show
that concrete porosity isreduced significantly with in-
creased curing times and, correspondingly, corrosion
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resistanceisimproved.

M odified Concretesand Corrosion Protection Systems

Increased corrosion resistance can also come about
by the use of concrete additives. Silicafume, fly ash,
and blast-furnace slag reduce the permeability of the
concrete to the penetration of chlorideions. Corrosion
inhibitors, such ascalcium nitrite, act to prevent corro-
sioninthe presence of chlorideions. In all cases, they
are added to quality concrete at w/c less than or equal
to 0.45.

Water repellents may reduce the ingress of moisture
and chlorides to a limited extent. However, ACl 222
indicatesthat these are not effectivein providing long-
term protection. Since good quality concrete already
has alow permeability, the additional benefits of wa-
ter repellents are not as significant.

Other protection techniques include protective mem-
branes, cathodic protection, epoxy-coated reinforcing
bars, and concrete sealers (if reapplied every four to
fiveyears).
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HOW to Limit Corrosion

1. Use good quality concrete-air entrained with a w/c of 0.40, or less.
2. Use a minimum concrete cover of 1.5 inches and at least 0.75 inch larger than the nominal maximum size

of the coarse aggregate.

3. Increase the minimum cover to 2 inches for deicing salt exposure and to 2.5 inches for marine exposure.

4. Ensure that the concrete is adequately cured.

5. Use fly ash, blast-furnace slag, or silica fume and/or a proven corrosion inhibitor.
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