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Corrosion of Nonferrous iVietals
in Contact with Concrete

Nonferrous metals are frequently used In constcuction in
contact with portland ccment concrete. Metals such as cop-
per, zinc, aluminum, and lead—and alloys contuining these
metals~may be subject 10 corrosion when embedded or in
surface contact with conerete.

Because of the damaging effccts of corrosion to concretle
structure or to embedded metallic elements, it Is important
to know what conditions lead to corrosion and the protec-
tive measures that may be taken.

The produets of corroslon dccupy a greater volume than
tho motal that has corroded, They may cause internal forces
of expansion that can. crack and loosen the surrounding
concrelo. Corroslon may not always damage the concrete,
but may cause destruction of embedded metal elements
such as-condults or piping.

In the case of surfs¢e contact between the metals and
hardened concrete, carrosion may be less damaging because
the products of corrosion gradually fill the alr spaces be-
tween the surfaces of contact. This reduces the devolop.
ment of pressuro,

Corrosion of embedded metals Is caused by direct oxidua-
tion i strong alkallne solutions that normally occur in
fresh conerete and mortar, or by galvanic currents between
two dlsstmilar metals in the presence of an electrulyte, Gal-
vanic currents are set up whon an alloy or metal is not
perfectly homogeneous, or when different parls of a metal
have been subjected to different heat troatments or me-
chanical stresses,

Galvanic corrosion Is influonced by differences in: (1)
the composition of the solution at the two electrodes; (2)
the nature of the metals of the electrodes; (3) onvironmen-
tal conditlons, such as 'the presence of oxygen, chloride
concentration, alkalinity, moisture, temperature or large alr
or liquid-filled spaces next to the metals. These conditions
can be brought about by differcnces in external exposure,
permeabllity, thickness ar uniformity of the concrete.

Localized galvanic corrosion may occur when one metal
is placed in two different electrolytes, or in an electrolyte
of varylng concentration. For example, plping should not
rest diroctly on a sand, carth or insulating concrete bisé
when concrete s (0 be. placed over it. The piping In this
situation makes contact with the base material and this
contact can set up a flow of corrosion-counsing current.

Corrosion of metals In concrete is an elecirochemical
process requlring the presence of moisture. The molsture
conditions of concrete required to support active galvanic
corrosion of susceptiblo.metals is not known with accuracy.
Moisture in concrete may be avallable: (1) when fresh con.
rete is placed contsining mixing water that is only partly

used up as the cement hydrates. The remaining water mi-
grates (o exposcd surfaces and evéporates. The length of
time it takes for concrete to dry out s varlable, 1t depends
on such factors as relative humidity of the surrounding air,
size and shape of the concreto mass, and concrete mix; (2)
if hardened concrete s not dense and impervious, moisture
may penetrate {nto the interior from the environment,

Corrosion reactlons are strongly promoted by the pres-
cnce of some of the halogen fons, particularly chlorides,
which make molst conercte a strong conductive cloctrolyte,
Chlorides also tend to break down the oxide film that nor.
mally forms on some metals as a protection against corro.
sion. Chlorides In concrete may originate from concrete
admixtures, sea water, beach sand, or salt-containing aggre-
gate. It is therefore recommended that if any material used
to make concrete s suspected of containing chloride, it
should be analyzed and refected if chlorldes are present. -

Metals of dissimilar composltion should not be embed-
ded near or In dircct contact with each other in moist or
saturated concrote unless expertence has shown that no
detrimental galvanic action will occur. When it is not pos-
sible to separete the metals, impervious protective organic
coatlngs such as bituminous coatings, phenolic varnish,
chlorinated rubber, or coal tar-epoxies, should be used on
the metal surfaces to prevent.galvanic action.

The prosence of stray currents flowing through the carth
may lcad to serlous galvanic corroston of long metallic
clements encased In concrefe in the ground. Corrosion by
stray currents can be prevented by several methods such as
conducting the stray currents away from the smbedded
metals back to their source or by interrupting the continu.
ity of the embedded metallic elements by means of closely
spaced insulating joints.

In all cases of embedment of nonferrous metals in con-
crete, denss quallty conerete should be used and adequate
concrele cover should be provided.

Copper and Coppor Alloys

Copper and copper alloys uto practically irmumune to action
from fresh concicte and ‘mortar. Due to its permanency in
the prescnce of molsture, copper and Mys may be
safely embedded in {resh congcrote. Mo~ destructive action
will occur on the embedded area even when the concrete is
Kept saturated with moisture. The presence of soluble chlo-
rides, however, may lcad to corrosion, and it is therefore
advisable to avoid embedding copper in concrete containing
chlorides, especlally if the concreto and metal are (v be
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exposed to moisture. Galvanlc corrosion should be ex-
pecled whon copper und steel reinforcement are conneeted
or in cloge proximity. Copper Is strongly cathodic and will
accelerate the corrosion of the steel if chiorides are present.
When copper s used in conjunetion with steel, it should be
clectrically insulated from (he stecl by mepns ST AN INDET

Vious organto coallng or by use of short lengths of poly-

ethylenc (ublng slit and slipped over the copper.

—CGpper toanngs Tor (he proteclion ol 4 basic metal such
as stecl can protcct only when they form & complete enve-
lope. Breaks in the coating may create local galvanic cells
and cause the exposed basle metal to corrode much mors
rapidly than it would if it were not coated.

Zine

Zinc Is susceptible to attack by fresh concrete and mortar,
This results in the evolution of hydrogen and the {ormation
of calcium zincate which occuples & greater volume than
the orlglnal metal and may exert expansive pressurcs
‘around the embedded element.

The most frequent use of zinc in concrete is as o coating
for sieel. The film of zinc covering the steel is so thin that
the expansive pressures generally do not cause any damage
to the surrounding concrete. Whether cracking of the con-
crele occurs subsequently or not depends on many factors
such as strength of concrete, amount of concrete cover, size
of galvanized member, exposure conditlons, and chemical
composition of coment, To what extent the stecl will be
corroded cannot be stated with certalnty, but galvanizing
does furnlsh sacrificial protection to the steel. (Sacrificial
protection means that the zinc will corrode and be thus
sacrificed in order to protect the steel.)

Calclum chlorlde admixtures will cause corroslon of gal-
vanized steel in conerote and may lead to severe cracking
and spalling of the surrounding concrete. The use of cal-
clum clloride admixtures should bo avolded in concrele
conlaining galvanized steel exposed to corrosive or wel
snvironments, :

Corrosion of zinc slso may occur when it comes In sur-
face.contact with freshly hardencd, moist concrete, and
since some of tho corresion products may be removed by
abrasion, rain or other causes, pitting of the surface may
resull,

If it 1§ desirable to avold any reaction between zing and
alkallnie fresh concrete, the metal should be protected by un
organic coatling or passivated by a chromato trcatment,

The effect on concrete performance by the addition of
chromates is not yet fully known. It iz thercfore recom-

mended, whenever a chromatle treatment js requiced, to -

apply it 1o the galvanized surfaces, rather than add chro-
mates {0 the concrele mixiure, Chromale coating of gulva-
nized surfaces can be rcadlly done in most galvanizing

plants and conslsts of elther dipping the palvanized ele. |

ments in & solution of sodium or potassium dichromate
acidificd with sulfure acid, or spraying this solulion on the
galvanfzed surfuces. The chromate treatment is recony
mended for all galvanized elements that will be embedded
in or will come in contact with concrete and mortar.
Trealed surface should be protected from water washing

away coating before concrete is pleced.

Concrete containing galvanized relnforelng steel placed
closc to nongalvanized metal forms may have a tendency to
stick to the forms. This forn-sticking tendency also may
oceur if nongalvenized stecl is placed in concrate close to
galvanized forms or form liners, A remedial trcatment that
has been satisfactorily used to prevent formusticking has
been a 2% solution of sodium dichromate or a $% solution
ol chromic scid (chromium trioxide solutlon) applied as a
wush 1o the galvanized surfaces. (Note: For very thin coat.
ings of electruplated zine do not use acid solutions.)

Atuminum

Aluminum suffers sttack when embedded In concrete. Inl-
tially, when aluminum is placed in fresh concrete, a reac-
tion occurs resulting In the formation of aluminum oxide
and the evolutlon of hydrogen. The greater volume occu-
picd by these producls causes expansive pressures around
the embedded metal and may lead to serlous damage 1o the
surrounding concrete,

Galvanic corrosion alsa will occur if aluminum and steel
are both embedded in concrete and in contact with cach
other. If alumlnum is to be embedded in relnforced con-
crete, it should be -electrically insulated by 2z permanent
coating. Bituminous paint, alkall-resstant lacquer such as
methacrylate, or zine chromate paint can be used.

If electrical insulation s not permanently meaintained,
the presence of chlorldes will greatly accelerate corrosion of
gluminum and cause serious damage. Because it is difficult

- 10 assure the permanency of the coating at present, alumi-

num should not be embedded in or como in contact with
conerete containing chlorides.

If admixtures are to be used in concrete, thoy should not
cantain any chlorldes.

In vicw of chemical similarlties between calcium chloride
and sodivm chlorlde, aluminym should not be used in con-
crete in or near sea water.,

Where unpainted aluminum is not embedded but is in
contact with concrete or mortar under conditions of con-
densation or dampncess, corroslon may occur. This can be
prevented by coating as above or by the use of & molsture-
proof membrane such as plastic film, bitumen impregnated
paper or fell.

Lead
!

I2ad is attacked by fresh concrete and mortar and is con-
verted to lead oxide or to a mixture of lead oxldes. This
corrosion tends to slop as the concrete cures and dries, but
will continue In the ‘presence of moisture. It may cause
total destruction of an embedded lead pipe In a few years.
If the lead is coupled o relnforcing steel in the concrete,
galvanic cell action may be accelerated. Depending on the
purticular circumstances, either the lead or the stecl will be
attacked,

When lead is partizlly embedded In concrete and the
remainder exposed to.the sir, 1 condition known as differ-
ential aerstlon oceurs. The embedded lead hus a different



clectrical pofential than that exposed to the atmosphere
and in the presence of water will form the anodic (positive)
elemont of an clectric cell. The portion in the air forms the
cathodic (negative) elemont of the couple, The current flow
will cause corrosion and gradual disintegration of the em.
bedded lead. '

Where it is necessary {o ombed lead in concrete, protec-
tion of the embedded portion with organic coatings is sug-
gested, Where a lead strip connects two pleces of concrete,
such as for an expanslon joint, the air space between the
two sections should be as small as possible so as to reduce
dilferential aeration. ‘

Generally, no damage will be obscrved in concrete be-
cause of the softness of the lead which will sbsorb the
expansive pressures catised by the formation of corrosion
products.
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Miscellunoous Metsllic Cuatings

Nickel-plated stecl will not corrode when embedded in
cliloride-free concrete and will provide protection to stecl
as long as no breaks or pinholes are present in the coating.
The coating should be 3 to S mils thick to resist rough
handling. Minor breaks in the coating may not be very det-
fimental in the case of embedment in chlorlde-free con-
crete. However, corrosion of the underlying stecl would be
strongly uccolerated in the presence of chlorides.

Cadmium coatings will satisfactorily protect steel em-
bedded in concrete, even in the presence of moisture and
normal chloride concentrations. Minor imperfections or
breaks In the coating will generally not promote corrosion
of the underlying steel.

copper alloys, zine, sluminum, lead,
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