EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

The influence of air in mortar on the results of the RCM test

Citation for published version (APA):

Taher, A., Hofstede, J. M., van der Zanden, A. J. J., & Brouwers, H. J. H. (2014). The influence of air in mortar
on the results of the RCM test. In V. Bilek, & Z. Kersner (Eds.), Proceedings of the 5th International Conference
on Non-Traditional Cement and Concrete (NTCC2014), June 16-19 2014, Brno, Czech Republic (pp. 245-248).
(IURET : International Journal of Research in Engineering and technology). NOVPRESS.

Document status and date:
Published: 01/01/2014

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 14. Jul. 2024


https://research.tue.nl/en/publications/ff22ab28-18f7-4f96-9721-9a86750ce4b8

IJRET: International Journal of Research in Engineering and Technology elSSN: 2319-1163 | pISSN: 2321-7308

THE INFLUENCE OF AIR ON THE RESULTS OF THE RCM TEST

A. Taher', J.M. Hofstede?, A.J.J. van der Zanden® and H.J.H. Brouwers*

23 2Department of the Build Environment, Eindhoven University of Technology, the Netherlands
a.taher@tue.nl, j.m.hofstede@student.tue.nl, va9lk5@kpnmail.nl, jos.brouwers@tue.nl

Abstract

Chloride penetration into concrete structures reduces their service life. When chloride reaches the steel rebar, it may corrode
which eventually leads to concrete deterioration. Hence, it is important to test concrete on chloride penetration resistance. Such
testing often takes a long time, because of the slow process of chloride penetration. Therefore, using an accelerated test is an
obvious choice. The RCM test is one of the most commonly used techniques to measure the chloride diffusion coefficient in
concrete. One of the disadvantages of the RCM test is that it requires a saturated sample, while structures in practical conditions
are mostly unsaturated. In this paper, the RCM test is performed for unsaturated mortar. Standard mortar samples with various
air content of 0%, 2%, 4%, 6%, 8% and 10% are investigated. The air content in the sample is obtained by first water-saturating
the sample under vacuum and than by placing the sample in a climate chamber with a relative humidity of 10% and a temperature
of 50°C to induce drying, until the desired air content of the sample is reached. After the RCM test, the chloride penetration depth
is measured with colorimetric and titration methods. The results show that the more air content in the samples is, the deeper
chloride penetration in the samples will be.
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starts by placing the samples in a desiccator. An air pressure
of 4 kPa is applied on the samples for 3 h to remove the air
from the specimen. After water is added to the samples in
the desiccator, the pressure is maintained for another hour.
The samples are then left in water for additional 20 h at
atmospheric pressure. After the saturation process is
completed, the samples are dried for a short period in a
climate chamber with a relative humidity of 10% and
temperature of 50° C.

1. INTRODUCTION

Although, concrete is known as one of the most durable
materials, damage of concrete structures could still occur.
Chloride-induced corrosion of reinforcing steel is one of the
problems of such structures. Therefore, a prediction of
chloride ingress into concrete is of a great importance. Many
short-term laboratory testing methods have been developed
for examining chloride transport properties. The rapid
chloride migration test (RCM), developed by Tang [1] and
published as a guideline in NT Build 492 [2], is the most

. . Table 1: Samples with various air contents
commonly used short-term test in practice. Many authors [3- P

7] preformed the test with saturated samples, while in Sample Air content
practice the structures are mostly unsaturated. Therefore the 1 0%
purpose of this paper is to investigate unsaturated samples. 2 204

.. . . . . 0
This is executed by studying the influence of various air
content, 0, 2, 4, 6, 8 and 10%, in the sample on the RCM 3 4%
test results. Furthermore, the chloride penetration into the 4 6%
samples is measured with two methods, colorimetric and 5 8%
titration. The outcome of methods is analyzed and 6 10%
compared. ?

Further, by using the Egs (1) and (2) the air content (V,;) in
each sample is calculated.

2. SAMPLE PREPARATION

Cylindrical mortar samples with water cement ratio of 0.5
and cement type CEM | 42.5 N are examined in this paper. Vair = Vsample * Pair ,
The samples are cured in water for one year. Six samples of
20 mm thickness and 100 mm in diameter are cut from the
cylindrical samples. The samples are provided with various

where V is the volume and P is the air content in the sample
(%). The volume of the air equals the volume of water that

air percentages as shown in Table 1.

The desired air contents in the samples are obtained by first
saturating the samples (vacuum saturation). This procedure

leaves the void of the sample, and is given by,

V — Mwater (2)’

water
Pater
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where M is the mass and p the density. By measuring the
total mass of the sample, the mass of the water released by
the sample will also be determined and with this the volume
of air in the samples is computed.

After achieving samples with desired air contents, the
samples are sealed with plastic foil for one week. This is
done to obtain an even distribution of the air in the samples.

3.RCM TEST

The Rapid Chloride Migration test (RCM test) is a test
based on a forced ionic migration. This ionic migration is
induced by an external electrical voltage applied across the
mortar samples. Due to the potential difference between the
electrodes, chloride ions will migrate from the catholyte
solution, through the mortar sample, toward the anolyte
solution. The set-up of the RCM test is shown in Fig. 1. The
catholyte solution is 10% NaCl (100 g NaCl per 0.9 | water)
and the anolyte solution is NaOH (12 g NaOH per 1 liter
water). The samples are clamped tightly in non-conductive
rubber sleeves and placed on an inclined support. This is
done to let the gas bubbles, which will be generated on the
cathode (below the sample), evacuate freely. The initial
voltage of 30 V is applied to measure the initial current.
Based on the value of the current, the duration of the RCM
test and the value of the voltage applied during the test are
determined, following the specifications given in the
guideline NT Build 492 [2]. The current measured in this
study resulted in a duration of six hours with a voltage of 10
Volt, taking in to account the thickness of the sample.

10 % (wt.) NaCl

Fig. 1: RCM test set-up

After the RCM experiment, the chloride penetration depth in
the samples is measured with two different techniques:
colorimetric method and titration method. In order to
measure the penetration with the colorimetric method, the
samples are removed from the rubber sleeves and split in
half by applying force. Then, the fractured surface is
sprayed with a colorimetric indicator (0.1 M AgNO3). The
colorimetric indicator visualizes the chloride penetration and
makes it possible to measure the penetration depth. This is
measured at seven positions in the sample, as shown in Fig.
2. An average of the seven measurements is calculated and

assumed to represent the penetration depth for the whole
sample. This procedure is repeated for all samples.

Fig. 2: Sample split in half for the colorimetric method

Titration is also used to measure chloride penetration in the
samples. This procedure starts with grinding layers of 2 mm
with Profile Grinder 110. The obtained powder is dried at
100°C to a constant mass and cooled down to room
temperature. From each layer, 2 g of the collected powder is
placed in a beaker. After adding 35 ml of distilled water and
2 ml nitric acid of 1M, the beaker is shaken manually for 1
min. The solution is brought to boil, cooled afterwards, and
poured onto filter paper. The obtained solution is adjusted to
100 ml, and used for the determination of the concentration
of chloride. The concentration is measured by Metrohm
MET 702 automatic titration. A silver nitrate solution of
0.01 M is used as a titration solution.

4. RESULTS

Fig. 3 shows the chloride penetration depth in the samples
with various air content measured by a colorimetric method.
The results show that the chloride penetrated approximately
7 to 14 mm in the samples. The inaccuracies of chloride
penetration are due to the inhomogeneity of mortar. The
results also show that higher air content leads to deeper
penetration of chloride.
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Fig. 3: Chloride penetration depth by colorimetric method

The results of chloride penetration with titration of the same
samples tested previously using a colorimetric method are
shown in Fig. 4. The results in this case show that the
chloride penetrated approximately 8.5 to 14.5 mm in the
samples. Also in this case, a higher air content in the sample
results in a deeper penetration of chloride.
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Fig. 4: Chloride penetration depth by titration

The comparison of colorimetric and titration methods is
shown in Fig. 5. Both methods feature a similar trend.
However, the chloride penetration depth measured by
titration is approximately 10% higher. This is because
measuring with the colorimetric method is limited to 0.2%
of the total chloride concentration in mortar/concrete, while
titration method can measure chloride concentrations below
0.1%.
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Fig. 5: Comparison between colorimetric and titration
methods

CONCLUSIONS

In this paper samples with various air content are tested with
RCM test to study the influence of air on the RCM test
results. Six mortar samples with 0, 2, 4, 6, 8 en 10% air are
examined. The chloride penetration depth in the samples is
measured with colorimetric and titration methods after the
RCM test. The results of both methods show similar results.
However the titration method is more accurate, because the
technique measures chloride concentration below 0.1%,
while colorimetric method is limited to 0.2%. Moreover,
from the results can be concluded that a higher air content in

the sample results in a deeper chloride penetration. This can
be explained by the capillary suction. If air is present in
mortar/concrete sample in the RCM test, then capillary
suction is an additional chloride transport mechanism
besides the electrical migration. Because capillary suction is
faster than migration, more chloride penetrates in the
samples. Also, more air in the samples results in stronger
capillary suction that leads to deeper chloride penetration.

ACKNOWLEDGEMENT

The authors wish to express their gratitude to the Dutch
Technology Foundation STW (project number 10979). The
authors also wish to express their gratitude to the following
sponsors of the Building Materials research group at TU
Eindhoven: Bouwdienst Rijkswaterstaat, Graniet-Import
Benelux, Kijlstra Betonmortel, Struyk Verwo, Attero, Enci,
Provincie Overijssel, Rijkswaterstaat Directie Zeeland,
A&G Maasvlakte, BTE, Alvon Bouwsystemen, V.d. Bosch
Beton, Selor, Twee “R” Recycling, GMB, Schenk Concrete
Consultancy, Intron, Geochem Research, Icopal, BN
International, APP All Remove, Consensor, Eltomation,
Knauf Gips, Hess ACC Systems and Kronos.

REFERENCES

[1] Tang Luping, Chloride transport in concrete —
measurement and prediction, PhD Thesis, Chalmers
University of Technology, Gotenburg, Sweden

[2] NT Build 492, 1999, Concrete, mortar and cement-based
repairmaterials: chloride migration coefficient from non-
steady-state migration experiments, Nordtest method.

[3] C. Edvardsen, M. Tange Jepsen. Chloride migration
coefficients from non-steady-state migration experiments at
environment-friendly “Green” concrete. Proceedings of the
2" international RILEM workshop “Testing and modelling
the chloride ingres into concrete”. Edited by C. Andrade and
J. Kropp. (2002), 203-209

[4] Zhuging Yu and Guang Ye, Chloride penetration and
microstructure development of fly ash concrete. Proceedings
of the 2" international conference on Microstructural-
related Durabillity of Cementitious Composites, Amsterdam
(2012).

[5] P. Spiesz, H.J.H. Brouwers, Evaluation of the rapid
chloride migration (RCM) test, Proceedings of the 17"
Ibausil, International Conference on  Building Materials
(nternational Baustofftagung), = Weimar,  Edited by
H.B.Fischerand K.A. Bode, F.A. Finger-Institut fur
Baustoffkunde, Weimar, Germany (2009).

[6] P. Spiesz, H.J.H. Brouwers, Influence of the applied
voltage on the Rapid Chloride Migration (RCM)
test, Cement and Concrete Research 42,1072-1082 (2012).
[7] P. Spiesz, H.J.H. Brouwers, Analysis of the theoretical
model of the Rapid Chloride Migration test,
Proceedings 8" fib International PhD Symposium in Civil
Engineering, 20-23 June 2010, Lyngby, 605-610, Eds. G.
Fischer, M. Geiker, O. Hededal, L. Ottoson and H. Stang,
DTU Byg,Lyngby, Denmark (2010).




IJRET: International Journal of Research in Engineering and Technology elSSN: 2319-1163 | pISSN: 2321-7308

BIOGRAPHIES

A. Taher is a PhD candidate at the
Eindhoven University of Technology,
where he obtained his master degree in
2010. His research focuses on moisture
and chloride transport in concrete.

=8 J.M. Hofstede is a master student at the
Eindhoven University of Technology,
& where he received his bachelor degree. His
interests lie in the field of building
5 materials.

AJJ. van der Zanden is a former
assistant professor at the Eindhoven
University of Technology. His interests lie
in the field of transport mechanisms.

H.J.H. Brouwers is professor Building
Materials and head of the unit Building
Physics & Services at Eindhoven
University of Technology.




