























materials or treatments have on actual
permeability, diffusion or other mass
transport phenomena.

5. Acceptance is based on the aver-
age value of charge being less than the
specified limit. Statistically based ac-
ceptance schemes are non-existent. In
the authors’ opinion, further work on
the definition of acceptable limits, on
development of statistical acceptance
schemes, and on improvement in the
precision of the test must be done be-
fore this technique can be equitably
applied to acceptance of silica-fume
and other types of concrete. Users
must also recognize that chloride per-
meability depends not only on the mix
design and the component materials,
but also on aspects of construction —
such as degree of consolidation and
type and extent of curing.

The first statement on polymer-im-
pregnated and polymer concrete is po-
tentially misleading. While the PIC
and PC concretes had essentially zero
coulomb values, due to their non-con-
ducting electrical properties, both
showed significant I values of 0.16 to
0.34 following the 90-day ponding
test. In addition, the high electrical re-
sistivity values for polymer-modified,
silica fume-modified and blast furnace
slag-modified concretes mask their
real chloride ion ingress properties.

A paper by Andrade,” published in
1993, reviews the movement of ions
during the AASHTO T277 test. It was
shown that the measured charge passed
is more a function of the movement of
hydroxyl ions in the concrete than the
movement of chloride ions. Pozzolans
will react with hydroxides, and this
may explain why concretes containing
pozzolanic materials, such as silica
fume and siag cements, exhibit much
lower charge passed values. Andrade
concludes, “The rapid chloride perme-
ability test (AASHTO) in its present
formulation cannot inform on concrete
permeability to chlorides.”

A presentation and paper by Arup,
Sorensen, Frederiksen and Thaulow™
at the 1993 NACE Corrosion/93 meet-
ing reviews the rapid chloride ion per-
meability test. Numerous questions
were raised. These authors concluded:
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* The information provided by a RCPT
or an AASHTO test is — at the most
— equivalent to that which can be
obtained by measuring the resistivity
of the water-saturated sample.

* Neither the RCPT nor the resistivity
measurement can be taken as a mea-
sure of the diffusion resistance of
the concrete, unless the conductivity
of the porewater in that particular
type of concrete and in that particu-
lar hydration state is known and the
appropriate correction made.

* The results obtained in the RCPT
cannot be used to calculate the dif-
fusion coefficient (D) for chloride in
concrete and will therefore not
allow predictions of chloride pene-
tration with time.

CONCLUSIONS AND
RECOMMENDATIONS

Reliable and proper correlations do
not exist between the six-hour rapid
chloride permeability test results and
the 90-day ponding test results when
different studies are compared. This
lack of correlation is based upon numer-
ous factors that are briefly discussed in
this paper and more extensively dis-
cussed in other recent papers.”**

The rapid test was never intended as
a predictor of the quantitative amount
of chloride that would penetrate into
any given concrete. Those specifiers
who are using the rapid test method for
this purpose are at fault. As stated in
ASTM C1202, the rapid test should
not be used unless proper correlations
are made with long-term ponding tests.

Use of the rapid electrical test
method to specify silica fume-modi-
fied and other pozzolantically modi-
fied concrete, with their naturally high
electrical resistivity, is premature. Ad-
equate correlations, as required in
ASTM C1202, between the rapid elec-
trical test method and 90-day ponding
tests do not exist for these concretes.
Of great concern is the specification
and use of higher water-cement ratio
concretes when based solely on the
low coulombs passed value.

Conventional concretes made with
only portland cement may have

coulomb values of 6 to 15 times higher
than the same mixture with silica fume
or slag cement. Much of this difference
is due to the inherent high electrical re-
sistivity of these modified concretes.
Typical conventional concrete may
have a 5- to 10-fold decrease in
coulombs passed when 7 percent silica
fume is added, while the actual chlo-
ride ingress after 90-day ponding tests
may decrease only one to two times.

Chloride penetrability into concrete
is dominated by the concrete water-
cement ratio, with additional benefits
when silica fume, fly ash, latex and
slag additions are used. The studies
reviewed show that virtually imper-
meable conventional concretes can be
produced with very low water-cement
ratios of 0.30 to 0.32, even though
their coulomb values may range from
1000 to 5000. These data indicate
that, during project bidding phases or
during construction, the elimination
of concretes with coulomb values of
higher than 700 to 1000 based solely
on ASTM C1202 is not appropriate.

While further research regarding the
general subject of chloride penetration
of concrete is beneficial, it is essential
in the case of the rapid chloride test.
The concerns of ASTM C1202 regard-
ing the correlation of the rapid chlo-
ride test and the 90-day ponding test
for silica fume concrete have not been
met adequately, making this applica-
tion of the rapid chloride test highly
questionable. Material selection for
the design of low permeability con-
crete should be based on 90-day or
longer ponding tests (AASHTO T259)
and not ASTM C1202.

Engineers continue to require rapid
chloride tests of silica fume concrete,
sometimes on a scale approaching that
of routine jobsite quality control test-
ing. Such indiscriminate use of the
rapid chloride test — without develop-
ment of initial correlation data on spe-
cific concretes — should be stopped.

Table 1 in the ASTM C1202 specifi-
cation should be removed because this
“classification” system based upon
coulombs passed values is incorrect
and is not the intent originally proposed
by the designers of the test procedure.
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