7" International Conference on
Safety and Durability of Structures

ICOSADQOS 2016
May 10 - 12, 2016, UTAD, Portugal

FAIR-FACED CONCRETE AND ANTI-GRAFFITI PROTECTION

Elsa Neto'?, Aires Camdes’®, Ana Souto®®, Arlindo Begonha®*® and Paulo
Cachim™**®

! CTAC Research Group in Territory, Environment and Construction, Department of Civil
Engineering, University of Minho, 4800-058 Guimaréde s, Portugal

2 Department of Civil Engineering, University of Min ho, 4800-058 Guimaraes, Portugal

% Faculty of Engineering, University of Porto, Rua D  r. Roberto Frias, s/n, 4200-465 Porto,
Portugal

* RISCO — Aveiro Research Center of Risks and Sustai  nability in Construction,
Department of Civil Engineering, University of Avei ro, 3810-193 Aveiro, Portugal

3elsaneto@ua.pt, "aires@civil.uminho.pt, “a51310@alunos.uminho.pt,
d e ;
abegonha@fe.up.pt, “pcachim@ua.pt

Keywords: Fair-faced concrete, preservation, anti-graffiti protection, durability.

ABSTRACT

Fair-faced concrete, a design optiopublic and private buildings, works of art, common
structures like bridges and retaing walls, largelyit in the twentieth century is susceptible to
attacks bygraffiti. Durability of concrete depends on the compositma characteristics of the
surface, whereby it is essential to study the &fec anti-graffiti protection systems on concrete
durability and to adopt the appropriate methodolagyorder to preserve the integrity and
authenticity of this heritage. Concrete is a pormaterial sometimes deteriorated over the years.
The interactions between the inks and the subsisateell as the removal methods sometimes may
deteriorate or alter the concrete surface, espdiat is necessary to repeat the removal process
Anti-graffiti products form a protective barrier on the conceetdace, hindering the adhesion of
paints or preventing its penetration into the pareshe concrete, which facilitategaffiti paint
removal. Thus, an experimental program was devdlép@analyze changes in durability indicators
and surface properties related to concrete desdioor. The following possibilities were studied: (i
concrete without protection before and after appioc of the spray paint, (i) concrete with
protection before and after application of the ggraint and (iii) after paint removal. The concrete
durability indicators studied were water absorptigncapillarity and immersion and penetration of
CO,. Analysis by stereo binocular microscope, scannlagten microscope and energy dispersive
x-ray spectroscopy were performed. The resultsimddashow that the appliegtaffiti, the graffiti
protection and thgraffiti removal affect surface characteristics.



1 INTRODUCTION

Thegraffiti phenomenon has grown in recent years and at amtrgathere is patrimony subjected
to the aggressive style gfaffiti despite the preventive measures that are beingemsoited [1].
The pleasure of degrading, breaking of the intdrdind defiance against the authorities are
roughly the determinants of thiter [2]. Fair-faced concrete, a design option in public pridate
buildings, works of art, common structures likediges and retaing walls, largely built in the
twentieth century, is susceptible gpaffiti paint. Durability of concrete depends mainly on the
composition and properties of the surface layett tatect the steel reinforcement against
corrosion. Durability of concrete structures isiaportant factor to be attained with regard to the
long term behavior and life cycle cost of concratreictures [3]. The movement of gases, liquids
and ions through concrete depends on the permeataperties of concrete surface. Water inside
large voids of the order of >50 nm, referred as noaares, behaves as free water and plays an
important role in the durability of concrete [4]a@illary voids larger than 50 nm are detrimental to
strength and impermeability of concrete. Concrsta porous hydrophilic material and paints are
absorbed through the pores. The interactions betwe inks and the substrate and the removal
methods cause a progressive deterioration of ctnawface (Fig. 1). Removal by mechanical
processes can cause surface wear and micro crdukf ywcrease permeabiljtproviding the
penetration of aggressive ions and consequentlghieenical deterioration of concrete. Removing
graffiti through a chemical product may increase the piyro$iconcrete, making the material more
vulnerable to abrasion and erosion. Stains mayapmethe concrete surface as a result of solvent
penetration [5] [6].
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Fig. 1.Fair-faced concrete witgraffLiEi., ridge ofCanal do Bocpilhavo (2014).

Products for protection againgtaffiti have been developed to form a protective layecmrcrete
surface by lowering the surface energy and diffigriaffiti paint adherence, facilitating paint
removal or preventing their penetration into theeso Contrariwise, the protective coating must
have good adhesion to the concrete surface [7]{#].Do its hydrophobic and oleophobic
properties,anti-graffiti protection act as a barrier between the enviromnae the concrete
surface, preventing or delaying the penetratiohasmful substances [9]. The higher the durability
the lower the water absorption capacity, the cambon degree and the permeability to chloride
[10][11]. The protection product must have highrpeability to water vapor, low permeability to
carbon dioxide and water and good adhesion to tihstate. It must also cover the pore as a
transparent film not changing the color on whickytlare applied, displaying good crack bridging
ability and good resistance to alkalis in orderettsure concrete protection simultaneously from
graffiti and environment [12][13]. So, it is essential topiove the current knowledge of the
interactions betweeanti-graffiti protection andgyraffiti paint removal on fair-faced concrete and to
contribute to the integrity and authenticity ofstiiery important heritage [14].

Thus, an experimental program was developed inrotdeanalyze the chemical and the
microstructural effects of thanti-graffiti systems on surface properties and durability sidics



related with surface protection against externanég such as water agdaffiti paints, covering
the following possibilities: (i) concrete withoutgtection before and after application of traffiti
paint; (ii) concrete with protection before andeafapplication thgraffiti paint; (iii) concrete after
paint removal.

2. EXPERIMENTAL PROGRAM

2.1. Materials

Concrete. Conventional concrete (CONV) and high performanoececete (HPC) were produced
with two calcareous course aggregates with a maxirsize of 12 mm and 22 mm and two natural
river sands with maximum size of 2mm and 4mm, car@&M II/A-L 42,5R, fly ash (FA) from a
Portuguese electrical power plant, chemical admestiplasticizeiSikamerit 400 Plus(P) and a
superplasticizeViscocret& 3008 (SP). Cubic (150 mm edge) and cylindrical specen@b0 mm
diameter and 300 mm height) were casted, demolded day and cured for each concrete
composition. After demolding, the specimens werngt kkemmersed in water for 7, 14 or 28 days at
controlled temperature (21 °© C). The compressivength of the selected concrete compositions
was tested on specimens aged at 7, 14 and 28 Oaysompressive strength at 28-day of the HPC
amounted to 62.8MPa and that of the CONV to 35.&@MP

Graffiti paint. The simulation of ffiti (G) was performed with a black spray paitorilak®
product), an acrylic paint with high opacity gloasd very pigmented, used by the writers
community to paint over large areas due to its thging and complete fixation to the porous
surface. Paint was sprayed during 1s with 45 © alogh 15 cm distance from the surface of the
concrete specimens.

Anti-graffiti systems.A permanent system (AGSand a sacrificial one (AG§H both not changing
the color of the concrete surface and practica#hg bf volatile solid compounds had been applied.
AGS; is a water-based fluoralkylsiloxane system, denditf§6 and pH 4. Paint removal is
performed with a chemical and technical data intdahat it supports some cyclesgoéffiti paint
and removal.

AGS; is composed of a water-based wax dispersion gontpil0-15% of active wax, density 1 and
pH 8-9. Removal process is carried out by projechiat water at 75°C under a pressure of 90-110
bar. The paint is removed simultaneously withahg-graffiti product.

2.2. Experimental procedures

Observation and analysis by stereo binocular moops, scanning electron microscope (SEM)
coupled with energy dispersive X-ray spectroscdfiy$}) were performed to analyze the chemical
and the microstructural effect of themti-graffiti systems on surface properties related with
protection against external agents, such as watkgeffiti paints. The penetration depth of the
treatments into the concrete surface and theirloigion within were studied.

The specimens were prepared from fractured surfafcesncrete, placed and fixed in a cylindrical
sample holder with conductive carbon (C-LEIT). Afteying, samples were subjected to vacuum
and coated with a carbon layer for improved consliigt and reduced electron charge.
Subsequently, the samples were characterized lhiyg usi high resolution scanning electron
microscope Hitacffi model SU-70, Schottky emission (SE), voltage 0® 80a 70 kV with a
system of spectral analysis of energy dispersiveayX{EDS) Bruke? Quantax 400, using an
accelerating voltage of 15 keV and timely periods60 seconds. The obtained results are the
average values of three observations from eachimpacand were observed three different
specimens from each condition.

3. RESULTS
Observation and analysis by stereo binocular andSBM/EDS of surfaces of conventional
(CONV) and high performance concrete (HPC) indidateat both concretes exhibited identical



behavior and very similar superficial chemical ewaeristics. CONV has a greater tendency to
capillary water absorption and penetration of,@@n HPC, since the concrete structure is more
porous than the HPC [15] [16]. So, it was decidedpresent results regarding the different
conditions for only one type of tested concreteN¥Qvas the chosen one.

3.1. Observation of concrete surface by stereo binolar

On concrete surface with permanemtti-graffiti protection AG$, due to hydrophobicity and
oleophobicity properties of the protective prodwuspyray paint do not stick to the surface in a
uniform manner, forming droplets (Fig. 2a). On amte with sacrificialanti-graffiti protection,
spray paint adheres to the A&BmM without the formation of distinct dropletsi¢f2 b).
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Fig.2. Observation by stereo binocular of concsetéace with (a) AGSand (b) AGS
after sprayed with black paint.

After paint removal, concrete surface with permaraami-graffiti protection remains with identical
hydrophobicity and oleophobicity as before beintagpd with the paint. Thianti-graffiti product
remains on the concrete surface after ink rema@@alconcrete with sacrificial protection, ink and
product protection film are removed at the sametilowever, concrete pores and cracks are filled
with black spray paint, being impossible the inknowal without damaging the microstructure of
the concrete surface. It was also identified soraelks and macro pores partially covered by a film
because the protective product does not have thacitg to coat those macropores and cracks
(Figure 3a e 3b).
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Fig. 3. Observation by stereo binocular of poresamcrete surface with (a) AGS
and (b) AG$ protection.
3.2. Chemical and microstructural characterizationby SEM/EDS
Graffiti paint and anti-graffiti systems.Observation and analysis by SEM/EDS indicate that t
main chemical components of black spray paint arban (C) and oxygen (O) with average values
of, respectively, 71 and 22 wt.%.



Permanentnti-graffiti protection main elements in the primer are carf@©) fluorine (F) and
oxygen (O) with average values of, respectively, 3B and 21 wt.%. Permaneanti-graffiti
product (AGS) is mainly made of carbon (C), fluorine (F) and osggO) with average values of,
respectively, 23, 57 and 10 wt.%. The gel remogecamposed by carbon (C), oxygen (O) and
silicon (Si) with average values of, respectivel, 48 and 34 wt.%. The main elements of the
sacrificial anti-graffiti protection product (AG$ are carbon (C) and oxygen (O) with average
values of, respectively, 79 and 19 wt. %.

Concrete surface withoutanti-graffiti protection. SEM/EDS observation and analysis indicate
that the main chemical components are calcium (G@&gen (O) and carbon (C), with average
values of, respectively, 25, 46 and 18 wt. %. OGxnsbhmples observed, pores of the surface have
diameters in the range of 10 — 600 um, occasiome#ighing values of about 1mm.

Concrete surface with permanent anti-graffiti protection. Observation and analysis by
SEM/EDS showed that the main elements are flugfecarbon (C) and oxygen (O) with average
values of, respectively, 43, 32 and 14 wt.%. Ondhmples observed, macropores of the surface
have diameters in the range of 59 - 258 After spraypaint application, SEM/EDS identified
some surface areas with higher percentage of cd@pand a lower percentage of fluorine (F), as
well as other areas with a higher percentage afrithe (F) and a lower percentage of carbon (C).
Cross-section and chemical mapping of concretexsanivith AG$ protection and spray paint was
observed on various samples. Tdrgi-graffiti product impregnates the pore system and forms a
protective hydrophobic and oleophobic layer ondbecrete surface (Fig. 4).

protection (AGY), sprayed with black spray paint (magnificatior® ).

After spray paint removal, SEM/EDS observation andlysis confirmed the presence of the same
elements fluorine (F), carbon (C) and oxygen (Q)hwaverage values of, respectively, 45, 31 and
13 wt. %. These values and proportions are simdahose obtained in the concrete with AGS
protection. It seems that permananti-graffiti protection remained on concrete surface for atlea
one removal cycleThe surface showed identical chemical charactesidt those of the concrete
surface with permaneranti-graffiti protection, as no relevant changes were obserxeldiding



pores filled with ink.

Concrete surface with sacrificialanti-graffiti protection. Observation and analysis by SEM/EDS
showed that the main elements presented are cé@joand oxygen (O), with average values of,
respectively, 80 and 19 wt. %. These are the same components of either AG®r spray paint.
On the samples observed, macropores of the sunta@ediameters in the range of 80-288

After spray paint application, observation and wgsial by SEM/EDS showed that the main
components are the elements carbon (C) and oxy@gmwith average values of, respectively, 68
and 21 wt. %. Cross-section and chemical mappingBM/EDS of concrete surface with the
sacrificial anti-graffiti protection AG$S forms a coating, i.e. a protective homogeneous and
continuous film. In this sample (Fig 5) AG8Ils a pore with a good adhesion to the substrate
contrariwise to the paint layer that stands outhef protective film due, simultaneously, to poor
paint adhesion and experimental conditions.

After projecting hot water at 75°C under a pressafr€0 - 110 bar, SEM/EDS observation and
analysis of the surface showed that the ink wasovexh simultaneously with thanti-graffiti
product. Soft water or acid fluids would increalse porosity of concrete, thus making the material
more vulnerable [6]. In order to keep surface pi@e, a new application of the product in the
affected area is mandatory. This protective pro@disd doesn’t have the capacity to coat the pore
surface, do not preventing the penetration of imtk some macropores. If removal is perfect, some
main chemical elements obtained by SEM/EDS mugirbsent in identical proportion in concrete
surface without any protection. Observation andysisa by SEM/EDS of concrete surface after
paint removal is important for the reapplicationaohew AGS layer, avoiding overlapping of the
product and contributing to their correct applioati
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Fig.5. SEM image of cross-section and chemical nmappf concrete surface with sacrificial
protection (AG9), sprayed with black spray paint (magnificatiof(K).

3.3. Influence on durability indicators

Chemical and microstructural characterization by#DS allows understanding the influence of
concrete surface properties, widmti-graffiti protection and after paint removal, on durability
indicators. Effects of thanti-graffiti systems on concrete durability were investigatetithe tests
performed include: water absorption by capillalyd immersion and penetration of £0he
CONV has a greater tendency to capillary water ggtem and penetration of G&han HPC, since



the concrete structure is more porous than the HIfailed information can be obtained in [15]
[16].

As discussed in [15] [16], when tlaati-graffiti protection, permanent and sacrificial, is applied

a concrete surface, water absorption by capillanitgt by immersion inside the concrete decreases
significantly but doesn’t prevents the entry of sowater by the macropores withauriti-graffiti
protection film. Paint sprayed on the concrete aa@ef without protection or witlanti-graffiti
protection, also decreases water absorption. Af@nt removal, theanti-graffiti permanent
protection remains on surface at least for one wmgocycle. Analysis by SEM/EDS confirmed the
presence of the main chemical elements fluoring ¢&)bon (C) and oxygen (O). Indeed, water
absorption before applying the spray paint and @it removal has identical values. On concrete
surface withanti-graffiti sacrificial protection, SEM/EDS analysis indicatee& same chemical
elements of concrete without aawnti-graffiti protection. Water absorption after paint remowal i
similar to concrete withoutanti-graffiti protection. Sometimes, the removal process is not
completed and the sacrificial product remains ibssate. In this case thanti-graffiti product
removal remained unfinished and water absorptienamainferior value. The removal process must
be careful because the elevated temperature, wedssure and chemical products may increase
porosity, making concrete surface more vulnerablee anti-graffiti protection does not prevent
CO, penetration but decreases the depth of carbonfirothe same exposure time, with a lower
value for sacrificial protection. Paint sprayed the concrete surface, without protection or with
anti-graffiti protection, also decreases the penetration of COntrary, ink removal increases the
tendency for C@to penetrate to similar levels to those seen ircagie without protection, which
means that in this case, the removal process magy hat modified the porous structure of the
surface concrete.

4. CONCLUSIONS

Chemical and microstructural characterization aiarete surface properties by SEM/EDS is very
useful to access its influence on transport prasesaside concrete in relation to concrete
durability. These mti-graffiti systems, both permanent (Ag@nd sacrificial (AG9, do not alter
concrete surface aesthetic and facilitate remoklglaffiti paint; also improve the durability of the
concrete surface, reducing water permeability aamtban dioxide penetration and facilitating ink
removal. The permanent and sacrificati-graffiti protection impregnates pores of concrete
surface with a good adhesion. However, dné-graffiti protection does not prevent penetration of
the ink inside some macropores. Pores will appetr paint and masks when removiggaffiti
paint and it will be impossible to remove paint gbetely without damaging concrete surface
structure.
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