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1 OBIJECTIVE OF THE RESEARCH

The objective of the research was to assess the relative increase of the initiation period
of steel corrosion by chloride due to the use of the product Komsol Controll Inner Seal,
in order to increase the service life of reinforced concrete in a chloride laden
environment.

2 EXPERIMENTAL METHODOLOGY

The reference testing methods for resistance to chloride penetration are the non-
steady state natural diffusion tests [1, 2]. Nevertheless, due the long time consuming
nature of these diffusion tests [3], it was decided in this work to use accelerated
methods based on chloride migration by application of an electric field, Nordic
Standard NT Build 492 [4]. Also, due to tight schedule requirements, it was decided to
work, in this preliminary investigation, with Portland cement mortar as a simplified
material representative of the behavior of concrete. The composition of the tested
cement mortar is that described in the following Table 1.

Composition of the cement mortar

Portland cement (g)
CEM 1/42,5 R (according to 350
European standard EN-197-1)
Standard siliceous sand (g) 1350
Water/cement ratio 0.5

Table 1. Composition of the mortar for the test specimens

The preparation of the test specimens was as follows:

e The mortar was cast in cylindrical moulds (10 cm diameter and 20 cm length),
and compacted mechanically. The mortar cylinders were cured during 7 days in
a humid curing chamber, temperature (7) 202C, relative humidity (RH) 95%.

e After curing, smaller test specimens (cylinders of 10 cm diameter and 5 cm
length) were cut with a steel-diamond disc saw, using water as a cooler means.
The top and bottom parts (1.5 cm at top and the same at bottom) of the larger



cylinders were discarded when cutting the test specimens. A total of eight
specimens were used for the tests.

The mortar specimens were dried in an oven at 1052C until mass constancy.
This step was introduced to allow a quick absorption after application of the
product Komsol Controll Innerseal, due to the tight testing schedule.

A part of the specimens was surface treated with the product Controll Innerseal
on one of its bases, while the rest of specimens were kept untreated (to be
used as reference samples for the relative comparative calculations). After
treatment with the product, all test specimens (treated and non-treated) were
kept under laboratory environmental conditions (approx. T 252C, and RH 50%-
60%) until their corresponding testing times, which were at 7 days and 28 days
after application of the product.

Before testing, the specimens were water saturated under vacuum following
the recommendation of the ASTM C-1202-97 standard [5]. The tests were
conducted as per the Nordic standard NT Build 492 [4].

3 MATHEMATICAL MODEL FOR ASSESSING THE INCREASE OF SERVICE LIFE

Taking into account that the research is only aimed at a relative assessment of the
durability properties, (treated mortar in relation to non-treated mortar), we will take
the chloride migration coefficient as a first approach for the basic ionic transport
parameter through concrete, which is the diffusion coefficient D.

Fick’s second law for unidirectional semi-infinite diffusion in a homogeneous medium,
in the absence of fixation of the diffusing substance, is the following expression [6]:

2
oc_ poc
ot Ox

(1)

Where C is the concentration of the diffusing substance, D is the diffusion coefficient, t
is time, and x is the distance from the diffusion focus (in the case of concrete exposed

to a chloride laden environment it is depth from exposed surface).

The solution of differential equation (1) for the particular case of constant
concentration of the diffusing substance at the concrete surface (Cs) and constant

diffusion coefficient is the following:
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Where erf is the mathematical function called as error function. | \



Steel corrosion by chlorides is initiated when a high enough critical chloride
concentration (Cc), is reached in the zone in contact with the steel rebar, i.e. at a depth
equal to the concrete cover on steel (x = e). So, the corrosion initiation time, which, in
a first conservative approach can be taken as the useful life time, can be expressed as:
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Where inverf is the mathematical function called as inverse of the error function.

If the application of the product Controll Innerseal to mortar allow to reduce the
magnitude of the diffusion coefficient from a value Dy (reference mortar without
product treatment), to a lower value D¢ (mortar treated with Controll Innerseal), then
the relative increase of the service life, in relation with reinforcement corrosion by
chloride, can be calculated through the following expression:
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4 RESULTS AND DISCUSSION

Table 2 shows the results of the chloride migration tests, together with the calculated
increases of the service life, Equation (4), in relation to reinforcement corrosion by
chloride, achieved by the treatment with Komsol Controll Innerseal.

Time from Reference mortar (non- Mortar treated with Relative
product treated) Komsol Controll Innerseal increase of
application service life
(days) Do (x 10" | Meanvalue | D¢ (x10™ | Mean value ta/to
m?/s) of Do (x 107 m?/s) of D¢ (x 10°
m2/s) 12 1276
7 155.6 163.0 61.0 62.5 2.6
170.4 64.0
28 122.6 122.2 40.4 40.9 3.0
121.8 41.3

Table 2. Results of the chloride migration tests and calculated values for the increase
of service life (related to reinforcement corrosion by chloride) achieved by using

Komsol Controll Innerseal




Table 2 shows rather high values for the diffusion coefficients, as compared to typical
values found for commercial concretes used for building and infrastructure
constructions [7]. Nevertheless, this fact is as expected since, due to schedule
requirements, the mortar specimens had been dried before testing. It is known that
this severe drying treatment (1052C) may increase the porosity and change the pore
size distribution of cementitious materials, and as a consequence modify considerably
their mass transport properties [8].

The most important observation from Table 2 is that the application of the product,
Komsol Controll Innerseal, leads to a considerable increase of the resistance to
chloride penetration of the cementitious material, as shown by important decrease of
the chloride migration coefficient values. In fact the calculated service life, in relation
to initiation of steel reinforcement corrosion by chloride, is multiplied by a factor
between 2.6 and 3.

5 CONCLUSION

The surface application of the product Komsol Controll Innerseal has increased
considerably the resistance to chloride penetration of a cement mortar, as shown by
important decrease of the chloride migration coefficient. On the basis of the reported
data, the calculated service life, in relation to initiation of steel reinforcement
corrosion by chloride, may be multiplied by a factor between 2.6 and 3.
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