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Resumo 

Esta dissertação apresenta um estudo comparativo das propriedades de transporte da água em 

diferentes tipos de ETICS (External Thermal Insulation Composite Systems), e as alterações neles 

provocadas, em termos hídricos, após as superfícies pintadas com dois tipos de tintas de aerossol 

habitualmente usadas em graffiti. Também após submetidos a uma metodologia de limpeza utilizando 

várias técnicas, incluindo processos de remoção química, com análise da sua eficácia. 

Procedeu-se à avaliação das propriedades hídricas dos ETICS através de três ensaios de absorção 

de água líquida (por capilaridade, pelo método de esponja de contato, e por baixa pressão com tubos 

de Karsten), assim como ensaio de secagem. A termografia por raios infravermelhos auxiliou no estudo 

do transporte da água nas várias camadas constituintes. 

Os resultados obtidos revelaram diferenças nas características de absorção de água e na cinética 

de secagem entre os diferentes sistemas estudados. O graffiti reduziu a capacidade de absorção de 

água líquida e secagem dos ETICS, e após o processo de limpeza o transporte de água para o interior 

dos sistemas foi favorecido. Conclui-se que o grau de limpeza com a metodologia utilizada depende 

da composição das tintas (base acrílica ou alquídica) e do acabamento do sistema (tipo e textura). Os 

produtos químicos de remoção de graffiti (base alcalina) são bastante eficazes na eliminação da tinta 

prateada dos ETICS, mas pouco eficazes para os sistemas com tinta azul, sendo não recomendada 

sua aplicação em sistemas à base de EPS, devido à forte interação química com este isolante térmico.  
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Abstract 

This dissertation presents a comparative study of the water transport properties in different types of 

ETICS (External Thermal Insulation Composite Systems) specimens. The variation of the hydric 

properties was verified also after the application of two types of aerosol paints, usually used in graffiti, 

as well as after graffiti cleaning, by using various techniques including chemical removal. The graffiti 

cleaning effectiveness was also assessed. 

The water transport properties of ETICS were evaluated through three liquid water absorption tests 

(by capillarity, by the contact sponge method, and by low-pressure with Karsten tubes), as well as by 

drying test. Infrared thermography was used as complementary tool to study the transport of water in 

the various layers of the different systems. 

The results obtained revealed differences in the water absorption and drying kinetics among the 

different types of ETICS. The graffiti reduced the liquid water absorption and drying capacity of the 

ETICS, and after the cleaning process the transport of water into the specimens was facilitated. 

Furthermore, it is concluded that the degree of cleanliness with the applied methodology depends on 

the composition of the paints (acrylic or alkyd base) and finishing render (type and texture) of the ETICS. 

Graffiti removal (alkaline) chemical products are highly effective in eliminating the silver paint from the 

ETICS, but ineffective for the blue-painted specimens. Its application in EPS-based systems is not 

recommended, due to a strong chemical interaction between the alkaline product and this type of 

thermal insulation.  
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1. Introduction  

1.1 Context 

In the last decades, the civil construction industry has been facing an increasing interest in the 

energy efficiency associated with the building thermal performance. Therefore, several solutions 

emerged to meet the established technical requirements as well as the user comfort needs.  

External Thermal Insulation Composite Systems (ETICS), known also as External Insulation and 

Finishing Systems (EIFS) in the USA and Canada, are among those solutions. This external insulation 

system is mainly composed of a thermal insulation material, a cement-based base-coat, generally 

reinforced with a glass fibre mesh, and a finishing coat. The use of these systems, consisting of an 

integration of wall insulation and ornamental function, intends to reduce energy consumption.  

Following the continuous improvement of applied technology and materials, ETICS became one of 

the most competitive systems of building energy-saving walls. In Portugal, it was first implemented 

around the 1970s and since then, has been progressively used on a larger scale not only in new 

constructions but also in building retrofitting (Freitas and Miranda 2014). According to Duarte (2011), 

the use of ETICS in Portugal has grown from around 200.000 m2 in 2006, to 2.400.000 m2 in 2010; 

later, ETICS application stabilized for few years as a consequence of the recession of construction 

sector, however, its growth resumed after 2013, as shown in Figure 1.1 (Duarte 2011) (Freitas and 

Miranda 2014). Initially appearing in commercial buildings and lately in residential housing, after 

conquering the construction market and lowering the price, ETICS were commonly used for social 

housing projects to decrease energy and electricity consumption.  

 

Figure 1.1 - Application area (in millions of m²) of ETICS in Portugal, adapted from Duarte (2011) and Freitas and 

Miranda (2014) 
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During the last decades, different solutions were tested and implemented attempting to reduce 

energy expenses, and anomalies associated to the water vapour permeability, to mention a few. These 

problems can be solved by using of thermal insulation composite systems, applied on the outside of the 

external walls. As a matter of a fact, ETICS are among the solutions with the highest thermal efficiency 

and most additional advantages, such as low cost and ease of application. 

In urban environments, graffiti are a frequent phenomenon affecting cultural heritage monuments, 

public transports, as well as residential, commercial and industrial buildings. Unlike urban art, bombing 

graffiti are depreciating and mischaracterizing the buildings, ending up frequently connected to 

criminality and social decline. Treated mostly as vandalism, graffiti tagging is fought by local 

governments and a significant effort is put on it every year. Different strategies and preventive measures 

have been implemented to avoid its incidence, such as improving public lighting, installing surveillance 

cameras and increasing patrol shift. Besides, several cleaning methods have been studied and applied 

along the last years to eliminate/reduce their occurrence and presence on urban surfaces. In fact, graffiti 

removal procedures, despite being apparently simple, are in some cases potentially harmful to the 

substrates, environment and operators. Therefore, it is crucial to choose adequate decision-making 

process to achieve satisfactory results. Chemical and mechanical methods are the most applied 

procedures (Moura et al. 2016), even though other physical removal methods can be adopted. 

Additionally, graffiti removal involves expensive cleaning actions. As an example, Infrastructure of 

Portugal spends around 150,000 euros / year to keep the train stations clean. According to Diário de 

Notícias (10 December 2015), the Lisbon City Council spends one million euros per year on graffiti 

removal on different types of surfaces. However, some of graffiti are allowed by city councils in specific 

areas and are generally identified as urban art.  

In this context, it is important to know the modifications on the performance of the tagged surfaces, 

before and after cleaning, mainly in what concerns water transport properties of façade insulation 

materials, such as ETICS. In fact, water is commonly associated to several anomalies of the buildings. 

To the best of the knowledge, there are no scientific studies focused on the effects of aerosol paint-

graffiti on water transport properties of ETICS, neither on their removal from this substrate, despite a 

recently published work from a colleague which studied other properties of the same ETICS specimens 

with graffiti with a different cleaning methodology adopted (Caiado 2020). 

1.2 Research aim 

The present work aims at studying the water transport properties of ETICS and its behaviour after 

application and removal of a sprayed graffiti. The choice of ETICS systems as the object of study is due 

to the exponential growth in the application of this type of systems in Portugal, despite evaluating 

systems without ceramic tiles claddings, a typical finish found in Portuguese façades. Additionally, there 

is no research focus on water transport properties of ETICS when graffiti is applied, even at an 

international level. As they are applied to exterior walls and thus characterized by high vulnerability to 

weathering, i.e. more susceptible to the occurrence of surface anomalies, the need to study the 
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durability of this type of insulation under the previously mentioned circumstances becomes evident. 

Thus, the main purposes of this dissertation are: 

- Characterization of the water transport properties (water absorption and drying capability) of 12 

commercial ETICS using different tests (water absorption by capillarity, by the contact sponge 

method, and by low-pressure with Karsten tubes, along with drying kinetics test).  

- Comparison of the water transport properties of the 12 ETICS, in 3 conditions: without graffiti 

(reference scenario), with graffiti paint application (with two colours) and after different graffiti 

removal techniques procedures. 

1.3 Structure and organization of the dissertation 

The development of the study includes the following main steps: literature review; preparation of 

the 108 specimens; carry out laboratory tests according to the applied standards technical documents; 

synthesis and comparison of the characteristics obtained experimentally; research and study graffiti 

cleaning cases; selection and testing of products and solutions to be adopted; analysis and 

interpretation of the results of the experimental campaign.  

This dissertation is organized in 5 Chapters: Introduction, state of the art, experimental work, results 

and discussion, and conclusions. Finally, this thesis contains references and the attachments of the 

results. 

A short introduction regarding the subject and the development of the study is presented in Chapter 

1. Moreover, the aims of the experimental work are highlighted in this chapter. 

In Chapter 2, aspects related to the origin of graffiti and ETICS are presented, as well as their main 

characteristics, especially in what concerns components used for its execution. Pertinent to the 

insulation system, advantages and disadvantages are also discussed. Additionally, the interaction 

between ETICS and graffiti is introduced to facilitate the analysis of the results of the experimental 

campaign. Subsequently, a similar approach is applied to graffiti cleaning techniques, with given 

prominence to chemical methods as it will be adopted in the current study. 

In Chapter 3, the experimental work is described, with the preparation of the 12 ETICS specimens, 

laboratory tests before and after the graffiti removal and cleaning methodology, along with all materials 

necessary during this stage.  

Chapter 4, intends to identify, analyse and compare the water transport properties of the studied 

ETIC systems, without and under the effect of graffiti tagging, as well as after chemical removal 

procedures. The results are presented and discussed. 

Chapter 5 presents the main conclusions and some proposals for future development studies. 

At the end, a list of references is included. In Appendices, supplementary materials regarding data 

and experimental works carried out in this dissertation are synthetized. 
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2. ETICS and graffiti 

In this chapter, the main characteristics of graffiti and ETICS are presented, focusing on their 

composition, advantages and disadvantages. Furthermore, the interaction among the graffiti and the 

substrate and the relative water resistance is introduced. Finally, the graffiti cleaning techniques are 

summarised. 

2.1 External Thermal Insulation Composite Systems (ETICS) 

2.1.1     Initial considerations 

ETICS can be commonly found in European buildings, to improve the energy efficiency of buildings. 

These systems, worldwide adopted, are fixed to the external wall surface and generally composed of 

three layers: the thermal insulation panel, fixed to the substrate (masonry); the base coat, which 

incorporates at least one glass fibre mesh as reinforcement; the finishing coat, composed of a key-coat 

and a finishing. The thermal insulation layer is usually composed of mineral wool (MW), expanded cork 

(ICB), expanded polystyrene (EPS) or extruded polystyrene (XPS) board.  The base coat is composed 

of a mortar with several possible formulations, with a mixed cementitious or hydraulic lime and polymer 

binders, mineral or organic fillers, and additives (e.g.  fibres). The same product is frequently used to 

glue the thermal insulation to the wall, complemented by mechanical fixing. A double glass fibre mesh, 

compatible with the base coat, can be used, applying the base coat before and after each mesh 

(reinforced system). The finishing coat generally consists of a thick plastic coating or a paint (e.g. acrylic 

or silicate-based) applied on a key-coat layer. These solutions usually enhance water repellent 

properties, modifying also the liquid water permeability of the base coat.  

      Even though the main purpose of the solution is the improvement of the thermal comfort, it also 

protects the masonry from temperature gradients, assuring an higher durability to the the structure, 

minimises interior condensations and thermal bridges and, depending on the adopted insulation 

material, contributes to additional noise reduction (Malanho and Veiga 2020). 

The application of ETICS is also known as a satisfactory retrofitting option to extend the buildings 

life service. Its use has been increasing during the last decades in Europe, besides the initial limitations 

due to its high cost and exclusively application in service buildings. However, as its market importance 

grew, the price significantly decreased when it became common in dwellings (Amaro et al. 2014). In 

2012, 60% of the new constructions in Germany were equipped with ETICS (Neto, 2012). In Portugal, 

although endowing a tiny part of the market, in comparison to other most European countries, as seen 

in Figure 2.1 (Duarte 2011), the application area of ETICS has substantially grown during the past 

decade and might keep increasing following the rehabilitation works growth.  

However, since ETICS are composed of several different materials with particular objectives and 

specific characteristics, the resulting global system is complex, holding its specificities. Hence, the 

guideline published with the responsibility of the European Organisation for Technical Approvals 

(EOTA) in 2000, lastly updated in 2013, known as ETAG 004 - Guideline for European Technical 

Approval of External Thermal Insulation Composite Systems with Rendering (ETAG 004), establishes 
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essential requirements (ERs) of ETICS regarding: mechanical resistance and stability; energy, 

economy and heat retention; hygiene, health and environment; protection against noise; safety in case 

of fire; and safety in use. 

 

Figure 2.1 - Application (in the relative area) of ETICS in Europe in 2008 (Duarte 2011) 

For situations where there is a durability characteristic which cannot be corresponded to a particular 

ER, ETAG 004 stipulates that “all components shall retain their properties during the overall service life 

of the ETICS under normal conditions of use and maintenance such that the ETICS quality is 

maintained” (EOTA 2013).  

The service life of ETICS, based on ETAG 004, is 25 years minimum (EOTA 2013). Unfortunately, 

the renovation of the housing stock during the past 10 years reveals that the first signs of deterioration 

might happen even less than one year after installation (Sulakatko et al. 2015). A routine evaluation 

and maintenance of ETICS are essential strategies to assure an adequate performance of this system 

over time.  

 Although being a relatively recent solution, where no long-term practice has been acquired and 

published, some researches (as Barreira and Freitas (2013), Amaro et al. (2013) (2014), Freitas and 

Miranda (2014)) described defects related to ETICS service life. Amaro et al. (2014) verified, through a 

field campaign in Portugal, that surface condensation damp and rain action are amongst the most 

common causes of the anomalies in ETICS; this study shows that water is an important wherewithal of 

deterioration and performance reduction of this system and, hence, providing a meaningful reason to 

study water action and transport in ETICS. Moreover, according to Amaro et al. (2014), the incidence 

of graffiti in terms of probability of occurrence in a façade, among the 146 ETICS façades inspected in 

Portugal, are 8.2%. In 50% of these cases, a combination of cleaning and application of an anti-graffiti 

barrier, repainting the wall, was considered indispensable. Regarding the diagnosis techniques, the 

authors also recommended the use of infrared thermography for around one-third of the anomalies 

found in ETICS. 

2.1.2     Materials and composition 

As previously mentioned, ETICS consist of a range of different components applied in a specific 

sequence installed on-site. The typical composition is described on the next subchapters, as seen with 

details in Figure 2.2. 
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Figure 2.2 – Schematic representation of the main system components of ETICS  [w1]. 

1. Adhesive - Product used to glue the insulation board to the substrate. 

2. Insulation boards - insulation material attached to the exterior wall surface. 

3. Mechanical anchors - or dowels, used to join the insulation board to the exterior wall. 

4. Accessories - Items for strengthening and finishing the system, such as around openings or on 

the corners. 

5. Basecoats - reinforced with glass fibre mesh and system profiles, applied on top of the 

insulation material. 

6. Glass fibre mesh – used to reinforce the system against impact. 

7. Key-coat (primer) - the ornamental finish coat to be applied dictates the type of primer to be 

used. 

8. Decorative finish coats - applied on the base coat, it provides a lasting, ornamental, crack-

resistant finish. 

9. Topcoats - occasionally applied over the decorative finish, e.g., a pigmented topcoat. 

ETICS are generally applied to vertical flat surfaces in the exterior, on façades and surfaces not 

exceeding 5 degrees of vertical angle. The application substrate is commonly a masonry composed of 

bricks, concrete blocks, stone, cellular concrete, pre-cast concrete panels, lightweight concrete blocks 

with expanded clay,  or adobe, among others. In the case of an application for rehabilitation purposes, 

the support has to be clean from dust, sand, formwork products, peeling paint, efflorescence and 

cladding detachment. In building rehabilitation, ceramic tiles claddings must be removed to have an 

ideal adherence among the ETICS and the masonry (Neto 2012). 

The insulation layer is composed of prefabricated boards with a variable thickness, defined by the 

interaction between the various parameters which configure the evaluation of the thermal behaviour of 

the building, to improve its thermal resistance. Generally, the thickness is correlated with the 

requirement of a minimal additional thermal resistance of 1m2.K/W (EOTA 2013), providing also 

https://www.terraco-eifs.com/adhesive/
https://www.terraco-eifs.com/insulation-boards/
https://www.terraco-eifs.com/mechanical-fasteners/
https://www.terraco-eifs.com/system-profiles-accessories/
https://www.terraco-eifs.com/basecoats/
https://www.terraco-eifs.com/glass-fibre-mesh/
https://www.terraco-eifs.com/decorative-finishes/
https://www.terraco-eifs.com/topcoats/
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structural stability in response to the elevated internal loads of each panel. Insulation panels with up to 

200mm are available in the market in Poland, whereas values between 40 and 60mm are commonly 

found in Portugal. 

The products mostly used on a large scale comprehend MW and EPS. However, the use of XPS 

and ICB has been growing. ICB is an ecological material with natural origin, 100% recyclable, with good 

acoustic performance, and widely adopted in recent sustainable projects (Neto 2012). Additionally, 

recently developed materials, i.e., self-extinguishing expanded polystyrene with graphite (G-EPS), are 

thermal insulation panel with improved performance.  

      According to EOTA (2013), from the design point of view, ETICS can be distinguished based 

on the adopted fixation method: bonded ETICS, which can be, in its turn, split into purely bonded or 

bonded with supplementary mechanical fixings; and mechanically fixed ETICS, which, similarly to 

bonded ETICS, may be divided into purely mechanically fixed or, a combination of both, mechanically 

fixed with supplementary adhesive.  

The binding product is commonly available as a powder, in which water or a synthetic binder resin 

in an aqueous dispersion is added, following the recommended dosage. It can also come in a ready-

to-use paste or with the addition of a certain amount of Portland cement (Marques 2016). Bonding 

products should be applied directly to the insulation board as bands, dots, or continuous layers, with 

preference to the latter method, which provides satisfactory results on all type of insulation boards 

materials (Freitas and Miranda 2014). 

Mechanical fasteners may be needed depending on the insulation material to be used. For MW or 

ICB systems, mechanical anchors such as plastic bushings with a circular head are usually mandatory 

to securely fasten the boards; however, a proper adhesive paste is generally enough for styrene boards, 

relying on the adhesion condition of the substrate (Freitas and Miranda 2014). Alternatively to dowels, 

metal profiles, anchored to the support of the insulation boards, are another possible solution of fixation. 

Additional anchors at the plate junctions and in the centre of the board can reduce the risk of future 

pathologies, e.g., detachment. 

Reinforced with glass fibre meshes embedded in the fresh mortar, between coats, the base layer is 

applied over the insulation product assuring: compatibility and a proper bond with the insulation panels 

and with the external wall surface, when adopting the same material for a bonded fixation system; 

acceptable impact behaviour; low modulus of elasticity, in conformity to the deformations of the thermal 

insulation; and good compatibility with the finishing coat (Malanho and Veiga 2020). 

The reinforcement generally made of fibreglass with a mesh with 3 to 5 mm openings, woven or 

heat-bonded composition and underwent to a anti-alkaline treatment process which protects the mesh 

from the highly basic pH of the cement mortar (Marques 2016). Two types of mesh are commonly used: 

standard mesh (with enhanced resistance to cracking, and full area coverage) and reinforced mesh 

(with optimised impact resistance, in addition to the standard mesh) (Malanho and Veiga 2020). The 

reinforcement can be further strengthened and made of other materials, particularly carbon or plastic 

fibres. 
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With the aim of levelling of the surface where the finishing is applied, and conferring better 

compatibility and adherence of the base coat to the claddings, a keycoat can be preliminarily applied 

(Marques 2016). This thin layer, based on resins or synthetic copolymers in aqueous emulsion, must 

be compatible with the alkalinity of the previous layer (Neto 2012). 

Lastly, a wide diversity of finishing coats may be applied: ink painted coat, thick plastic coatings of 

synthetic binder, coatings of mineral or mixed binders, silicate or cement coatings, non-continuous 

coatings, wood, ceramic tiles, stone plates or others. Besides its decorative function, they protect 

against weathering and impact (EOTA 2013). Low water permeability, good drying capacity, high vapour 

permeability to contribute with water vapour diffusion, as well as good adhesion to the reinforced base 

coat of the system, are among the essential characteristics of this layer (Malanho and Veiga 2020). 

Resistance to microbiologic agents, mostly in case of severe atmospheric conditions, should also be 

considered, and it is generally provided by the incorporation of biocidal additives.  

2.1.4     Advantages and disadvantages  

This system, once being uniformly and continuously placed on the opaque areas of the buildings, 

significantly diminishes the thermal bridges, where an important part of heat loss happens (mainly due 

to different properties, e.g., thermal conductivities, at the interface among different substrates). 

Consequently, ETICS can also reduce the surface condensation in the interior and thermal gradient in 

the different zones, which may result in the development of biological agents (LNEC 2010).   

During winter, the higher thermal inertia helps to maintain the internal temperature through heat 

conservation (from solar gains), while during summer the insulation system reduces the heat 

penetration to the interior, avoiding overheating. Additionally, the windows contribute for natural 

ventilation over the nights while the temperature is lower. Hence, electricity consume minimises 

(Marques 2016).  

Furthermore, other advantages include less thermal shocks and variations in the substrate, and 

thus higher durability, significant watertight behaviour substantially (due to its reinforced base coat), 

recyclability of the insulation material (e.g., EPS and ICB). Additionally, several construction benefits 

are achieved: it contributes to a lightweight structure, reducing the permanent loads; it does not reduce 

the useful internal area, being applied externally to the walls; in building rehabilitation, the obtained 

results are very satisfactory without hindering the comfort of the users; in new constructions, the use of 

ETICS can promote a slight increase of the internal area, and, depending on the insulating material, 

and improve acoustic insulation (APFAC 2018).  

Nonetheless, ETICS are not a feasible in some situations, such as in cases the exterior aesthetics 

of the building cannot be modified, or when a significant reduction of the water evaporation capacity of 

the walls are not viable, e.g., in the case of an old wall with ascending capillarity water (Veiga and 

Malanho 2014). Other drawbacks consist in: relatively high initial cost; the need of extra reinforcement 

in fragile areas of the façade or singular points; restriction for the application of the system with 

temperatures between 5 and 30 ºC and relative humidity below 80%; high sensibility of the system to 
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the quality of the works; the requirement of rigorous detailing; difficulties in installation over curved walls; 

reduced resistance against impact, resulting in vulnerability to shocks and perforations; sensibility to 

strong wind; and unsatisfactory reaction to fire, namely when consisted by EPS or XPS. Moreover, 

restrictions related to the utilization of ETICS for rehabilitation, especially when the building presents 

ornaments, cut-outs or sills in a considerable way, can limit the use of ETICS (Marques 2016). 

2.2      Graffiti 

2.2.1      Initial considerations 

“Graffiti”, usually associated with a singular noun, is the plural from the Italian word “graffito” which 

derivates from the word “graffiare”, meaning “to scribble”. However, the definitions underwent several 

changes according to the socio-cultural and spatio-temporal connotation along the past decades. Being 

a communication channel, within all its expression ways, graffiti has the particularity of its transgressive 

nature, appearing in every kind of urban public spaces, as shown in figure 2.3. Therefore, the 

architecture of the city is used as an unpredicted base for the registration of signs of diverse nature, 

with different meanings and intentions. The areas are appropriated by the actors of this urban scenery, 

converting the territory into a social and semiological significance space. The city, for this reason, is a 

language where graffiti is inscribed (Campos 2012). However, graffiti have been conflictingly labelled 

as ‘art’ or ‘vandalism’. ‘Graffiti vandalism’ or ‘Graffiti bombing’, as frequently considered, translates 

works that are inspired by a desire to create notoriety, mark territory, or demonstrate one’s defiance of 

the law and society (Gomez 1993). 

 

Figure 2.3 – Guardrails and walls being Graffitied in the parking lot of Ministry of Agriculture, Prague, Czech 

Republic (2018). 

Four types of graffiti are identified nowadays: tagging, pieces, throw-ups, and slogans. As forms of 

hip-hop cultural expression, tagging and pieces use distinctive images, colours and calligraphy to paint 

murals or write signatures. Pieces (Figure 2.4 a) have a wider scale and are more time-consuming, 

usually involving complicated graphic design works (Dovey et al. 2012). While tagging is a smaller 

writing of one’s identifier, throw-up (Figure 2.4 b) is often larger and in bubble shape (Halsey and Young 

2002). Covering a scope of subjects from an emotional expression to politics, slogans also stamp urban 

areas. With this list, new forms of graffiti have emerged in recent decades, for example, posters, 

stickers, stencils, blockbusters, wildstyles, and even knitting or high relief and three-dimensional pieces 

(Halsey & Young, 2002).  
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Produced by different people, for particular reasons, graffiti may have unique impacts on the 

surrounded community, even becoming famous worldwide, such as the Fraternal Kiss (Bruderkuss, in 

German), one of the most known pieces of Berlin wall graffiti art, painted by Dmitri Vrubel on the eastern 

side Berlin wall (Figure 2.4 c).  

   

Figure 2.4 – Examples of graffiti: (a) Piece in Prague, Czech Republic (2018), (b) Throw-up in Lisbon, Portugal 
(2020), and (c) Fraternal kiss, Berlin wall (2019) 

2.2.2 Materials and composition 

Many types of graffiti markers are adopted for painting or tagging a diverse set of substrates. To 

remove the graffiti, it is necessary to correctly identify the kind of marking agent, since the crucial task 

consists in breaking the bond between the surface and the applied material, without damaging the 

surface material. The most common graffiti generally are paints (applied by brush or aerosol), correcting 

fluid, felt-tip markers, ballpoint pens, chalk and waxy substances, like crayon and lipstick. Additionally, 

charcoal and oils are encountered in rare cases, like scratching, flame, posters and adhesive labels 

(Urquhart 1999). Nevertheless, spray paint outlines as the main material used by graffiti-writers due to 

its visual impact and quick and easy application. 

The range of materials used by graffitists continues to raise. In Figure 2.5, the ‘arsenal’ of Roid, a 

street art London-based artist named in an article on Forbes magazine (2011) “The 30 Most Important 

Artists and Designers under 30”, can be seen. 

Paints are primarily composed of pigments, additives, a binder and a solvent. Pigments not only 

provides the colour but adds opacity and strength, to some extent. Additives improve certain properties 

such as plasticity, fluidity, thickness. Binder holds all the ingredients and a solvent allows an 

homogeneous dispersion of the components and a proper fluidity to the mixture. After its application, in 

a few hours, the coating is hardened by polymerization or evaporation of the solvent (Sanmartín et al. 

2014) (Urquhart 1999) (Weaver 1995). The polymerization can occur by chemical reaction with oxygen, 

a hardener, moisture and/or emulsion coalescence. The first category of hardening englobes non-

reversible coating, while in the latter (evaporation) the paint can be dissolved through re-application of 

the solvent, since the hardening process is essentially made by evaporation of a solvent. Thus, paints 

belonging to this category can be removed without significant effort (Urquhart 1999). Nevertheless, the 

paint may penetrate in depth within the substrate inducing afterwards some “ghost” effect.  Factors like 

a) 

b) 
a) 

b) c) 
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high solvent content (i.e. higher flow rate), interfacial solid surface/liquid tension and the characteristics 

of the substrate can also influence the ‘ghost’ effect. 

 

Figure 2.5 – Roid’s graffiti art materials [w3] 

In another point of view, paints can be also classified corresponding to the liquefying agent, such 

as aqueous or organic solvent. Once dried, the paints can be barely identified, unless laboratory 

analysis are carried out (Sanmartín et al. 2014) (Urquhart 1999). 

Among all adopted materials, graffiti involves brush-applied paint (oils and synthetic resins, i.e., 

vinyl, acrylics, acetates, methacrylate, or alkyds), or spray paint (polyurethanes, lacquers, and 

enamels). Most graffiti are made with spray paint (Weaver 1995), therefore, this type is the focus of this 

dissertation. 

Pigments can be widely classified in two groups: inorganic, commonly found in nature as minerals, 

and organic pigments used to a considerably larger extent than their inorganic counterparts. These 

inorganic materials are divided into metallic, coloured, and white, principally varying according to its 

chemical composition. White pigments also comprise the main component of all paints, as they lighten 

coloured paint. Most of them are titanium-based paints (TiO and TiO2), followed by the zinc-based 

pigments (ZnO and ZnS), rarely used alone in spray paint. These additives can provide brilliant white 

colour, fine texture and reduce the cost. 

 Coloured pigments, within the group of inorganic pigments, have synthetic or natural origin. 

Sulphides and oxides of chromium and iron, as well as zinc, cadmium and molybdenum in a lower 

extent, are in their base. The blue pigment includes Prussian blue (KFe(Fe(CN)6), and ultramarine blue 

(Na8-10Al6Si6O24S2-4), that is the most complex of the mineral pigments and a component of lapis lazuli, 

which owes its colour to the existence of sulphur. Additionallu, by adding bronze, zinc, aluminium, 

stainless steel or pearlescent pigments, metallic colours are obtained, such as imitation of gold, bronze 

and silver (Sanmartín et al. 2014).  

Another important component of paints, the binders, are divided into natural (originated by animals 

or plants), synthetic, and semi-synthetic. Synthetic resins used as the binding material in paint are 
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predominantly classified into alkyds, acrylics, and in lower participation in the market, polyvinyl acetates 

(PVAs), polyurethanes, polyesters, epoxy resins, cellulose and cellulose nitrate, chlorinated rubber, and 

polycyclohexanone (ketone). Montana Colors, one of the biggest aerosol paint company worldwide, 

has a preference on the two solvent-based acrylics and alkyds paints. Alkyd resins make inks more 

durable and with faster drying, whereas acrylics are expected to present better long-term stability to 

colour change and good flexibility. However, other compounds may be added to improve the 

performance of the paints (Urquhart 1999) (Sanmartín et al. 2014). 

Solvents are the last main ingredient of graffiti spray paint. These compounds might be divided into 

oxygenated, hydrocarbon, and water. The latter, alone or mixed with other solvents, is the main 

component of the continuous phase of nearly all emulsion paint. Among additives, despite being 

insignificant in terms of quantities inside the ink (varying between 0.001% and rarely up to 5%), 

surfactants, wetting agents (dispersing pigments), thickeners, pH buffers, dispersants or plasticizers 

(increasing spray paint fluidity or plasticity), anti-foaming agents (modifying paint’s surface tension), 

biocides, sequestering vehicles (which removes metal ions) and freeze-thaw agents (Sanmartín et al. 

2014). 

2.2.3 Modification of the surface properties due to spray paint under water 

action 

Apart from aesthetic aspects, substrates, painted with spray graffiti cans, can significantly change 

his surface properties. Despite no information on the alteration of the water transport properties of 

ETICS surfaces can be found in literature, recent researches evaluated the effect of graffiti on other 

surfaces, namely stones and mortars, being a substrate frequently found in buildings. 

According to Ribeiro et al. (2009) and Dionisio and Ribeiro (2013), alkyd sprays used in graffiti 

interact with the stone substrate (limestone and marble specimens) by reducing about five to seven 

times the water vapour permeability and, therefore, leading to water condensation underneath the paint 

or, under unfavourable situations, to the delamination of the paint. Additionally, the same authors 

observed a significant increase of the water repellence on the stones. This property is directly related 

(at short-term) to the measured static contact angle, as stated in Tsakalof et al. (2007).  

Additionally, Ribeiro (2008) observed that, evaluating the changes of the surface properties on 

limestone and marble substrates sprayed with graffiti, the alkyd spray paint homogenized the surfaces,  

filling all the irregularities of the stone, creating a smooth and homogeneous paint coating. The reduced 

water vapour permeability observed on the stone with spray paint, with values close to zero, 

demonstrates how these materials prevent the transport of moisture in the porous network of the stone. 

Besides, both studied stones (limestone and marble) presented low open porosity (<0.5%), which 

partially explains the extremely low penetration of these sprays in their voids. Similarly, it is important 

to highlight the change in the surface morphology resulted from the application of spray paints, as 

shown in Figure 2.6. 

a) b) 
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Figure 2.6 - Micropictures at Scanning Electron Microscopy (SEM) of: a) limestone with spray, where two zones 
are distinguished - one of calcite crystals and a layer of homogeneous paint;  b) Marble with spray, where the 

areas of rock and paint can be distinguished, the latter being the darkest at the bottom (Ribeiro 2008). 

 Ciliberto et al. (2013), from an analysis of Ragusa and Palazzolo (Sicily) lithotypes with spray 

varnishes, observed that the water vapour permeability, with only one layer of paint for Ragusa 

specimens, was reduced by about 37%, with up to 40% of reduction when 2 layers were applied. This 

similarly occurred also to the Palazzolo stone specimens for one layer of paint, however, after the 

application of the second layer of varnish, the water vapour permeability was reduced by about 60%. 

Silicate paint strongly reduced the absorption of water under low-pressure of lime mortar 

(approximately 98% at 30 and 60 minutes), as verified in Moura et al. (2016) and Moura et al. (2017), 

verified that the. The mortar studied consisted of a pre-dosed lime-based mortar, characterized by low 

bulk density (1000-1200 kg/m3) and high open porosity (38 - 45%). The same authors confirmed that 

the silicate paints significantly reduced the water absorption by capillarity of the lime mortars. 

Comparing the average absorption coefficient obtained for mortar specimens without silicate paint 

(0.894 kg/m2.min0.5) with the value obtained for mortar specimens with silicate paint (0.087 

kg/m2.min0.5), there was a reduction in the order of 90%. On the other hand, the silicate paint could not 

significantly affect the natural water vapour flow of the mortars, since a coefficient of resistance to the 

diffusion of water vapor (14.89) close to the coefficient obtained for the mortar without silicate paint 

(13.12) was registered. The results of the drying test were directly related to the results of the water 

vapor permeability test.  

2.3      Graffiti cleaning methods 

2.3.1      Initial considerations 

Graffiti removal is self-explanatory, as graffiti is typically seen as vandalism and often associated to 

social decline and juvenile delinquency when the occurrence is unauthorized. For these reasons, graffiti 

is commonly included in municipal regulatory strategies and regulated through criminal law, being 

classified as damage to property. As part of the solution, sprayed surfaces must be clean with the most 

efficient graffiti removal methods, trying to re-establish the previously unaltered, safe and clear 

atmosphere of the space without graffiti (Halsey and Young, 2002).  

This cleaning action, typically fast, can be associated to the “broken windows” theory, which 

stipulates that if a broken window in a building is left un-repaired, soon other windows will be damaged 

a) b) 
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since the society perceives the first act as a sign of abandon (Haworth et al. 2013). Therefore, significant 

resources are spent by city councils and local agencies, transport authorities, industries, schools and 

householders. While in Australia the financial cost of graffiti removal exceeds $1.5 billion per year, as 

Crime Stoppers WA reports, the annual clean-up expenses across the United States of America are 

between $8 billion to $12 billion, according to NewsMax (2018). 

2.3.2      Cleaning techniques  

The challenge to clean surfaces with graffiti involves rudimentary methods, i.e., hot pressurized 

water jet, however, more efficient technological tools are also used, as laser methods, which played a 

meaningful role along the last decades. 

In New York, the Metropolitan Transit Authority (MTA) pioneeristically experimented chemical 

treatments, creating a chemical wash to remove graffiti from subway carriages bodywork. Since then, 

more sophisticated and environmental-friendly techniques have been developed to make materials and 

surfaces graffiti-resistant and easier to clean. Even NASA has played a paper in contriving graffiti-

resistant materials (Iveson 2010). 

Among the cleaning methods, water jet, grit-blasting, laser technology, atmospheric plasma, 

chemical removal and bioremediation can be identified. Mechanical and chemical methods are more 

frequently used, as previously mentioned (Moura et al. 2016). Primarily, graffiti removal should start 

with the least aggressive system available, without damaging delicate masonry surfaces. An example 

consists in the use of hot water with non-ionic detergent and delicate brushing with a nylon bristle 

solution, adopted for a freshly applied graffiti – within 24 to 48 hours from application. However, water 

is not frequently efficient, since many graffiti materials are not water-soluble. In those cases, ammonia 

may be an alternative in removing fresh graffiti (Weaver 1995).  

The selection of a suitable cleaning technique depends on several aspects (Urquhart 1999): value, 

type and conservation state of the surface; surface properties, such as absorption capacity and 

roughness (the more porous the surface, the more difficult the ink removal); cleaning area, which is 

determinant for the type of intervention and the equipment to be used; chemical composition of the 

graffiti; bonding strength between the graffiti and the substrate; the desired level of removal; the side 

effects of the graffiti cleaning products for the surface and inside the substrate (the complete elimination 

of the painting may induce deterioration of the original surface, especially porous and permeable one); 

available time. In urban areas where graffiti bombing is common, fast removal is commonly the most 

suitable response, necessary to avoid further attacks. However, when dealing with fragile surfaces, 

preliminary cleaning tests, a longer time and more sophisticated strategies may be essential to achieve 

successful cleaning actions. 

2.3.2.1      Chemical cleaning 

In general, chemical removal methods are less harmful, very effective and inexpensive products for 

removing graffiti. However, in certain situations, they have some drawbacks. For this reason, several 

chemical vehicles are commercially available in various compositions and consistencies. 
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According to Urquhart (1999), graffiti markers can be divided into two ample categories: reversible 

and non-reversible. For reversible cases, the previous liquid state will be achieved when the substance 

encounters a suitable solvent. On the other side, non-reversible compounds, for example, oil-based 

paint, are swelled and detached from the substrate in contact with a proper solvent. Oil-bound paints, 

for instance alkyd-based, when in contact with caustic alkalis, are decomposed through a process called 

saponification. The removal is aided by supplementary actions, such as rinsing with low-pressure water, 

brushing with water and detergent or steam cleaning. However, the use of such materials on decayed, 

fragile or soft surfaces may cause damage and should, therefore, be avoided (Weaver 1995). 

The application of strong alkalis with pH 13-14, as sodium hydroxide (caustic soda), should be 

avoided in masonry surfaces. In fact, damaging salts are likely to be formed within the substrate if not 

properly neutralised, resulting in efflorescence and staining. On the other hand, neutralization using 

acid may be hazardous to acid-sensitive masonry as well (Sanmartín et al. 2014) (Urquhart 1999).  

As mentioned above, a numerous, generally complex, chemical mixtures are commercially available 

to attend the wide range of markers and substrate types, englobing solvents to dissolve the medium, or 

activators that induce the swelling or the medium and thus facilitate its removal. Emulsifiers, evaporation 

retarders and thickeners are frequently added to remover composition. Despite the similarity of the 

chemical composition of most removers, the exact composition is often not described in the product 

technical sheets or revealed by the manufacturer (Weaver 1995). The principal types of chemical 

removers are water-soluble sprays or aerosols, solvent-soluble sprays or aerosols, gels, and poultices 

(Urquhart 1999). 

An effective graffiti removal presents a poultice form, consisting in an absorbent product or powder-

inert clays, like sepiolite or kaolin, diatomaceous earth/fuller’s earth, or cellulose materials such as fluff 

pulp cellulose or shredded paper-mixed with a cleaning compound to create a paste or slurry. Other 

easy solutions to properly clean new graffiti, composed of permanent markers, include acetone, 

isopropyl alcohol or white spirit. Some chemical products, based on toluene or chlorinated solvents, 

can efficiently dissolve the ink. However, these solvents, containing volatile organic compounds 

(VOCs), can be harmful for the operator and the environment. Conversely, dicarboxylic diester solvents, 

comprehending occasionally non-ionic surfactants, have low environmental impact. Linear dicarboxylic 

acid diesters, a solvent consisting of a mixture of dimethyl adipate, dimethyl glutarate, and dimethyl 

succinate, have its recognition (Sanmartín et al. 2014).  

However, most chemicals used for graffiti removal are commonly harmful both for the environment 

and the operators and people in the proximity. Organic solvents, commonly adopted since no residues 

is left on the surface after evaporation, are toxic by ingestion, inhalation and skin contact. Furthermore, 

phenolic paint-stripping solvents affect the cardiovascular, central nervous and respiratory systems and 

cause dermatological, ocular and intestinal problems (Sanmartín et al. 2014). 

Recent experimental trials and researches showed that newer solutions are under development 

with the aim of achieving satisfactory cleaning results and less environmental and health impact. 

Moreover, companies specialized in chemical graffiti removal are frequently presenting products with 
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improved properties for a wider variety of surfaces. An example is the shadow remover, adopted in this 

dissertation, which consists in the application of an additional solution that can eliminate any left stains. 

2.3.2.2      Solvent-based gels 

Graffiti removal gels are solvent products that are compound with gelling our thickening agents. For 

example, N-methyl-2-pyrrolidone (NMP) is known for its efficient cleaning results, however, it can cause 

harmful to human health, along with toluene, a hazardous air pollutant (Sanmartín et al. 2014). Since 

most of those gels released toxic vapours, an open-air application is recommended. Besides, a contact 

time of at least 30 minutes allowing the diffusion of the active solvent into the graffiti marks, is necessary. 

However, the process may be accelerated using a stiff bristle brush or broom, especially on areas where 

the inks were heavily applied, aged for long times, or present pronounced texture (Urquhart 1999) 

(Whitford 1992). Whitford (1992) describes some advantages of solvent-based gels, when used as 

cleaning method against graffitied walls: simple and controlled application with a bristle brush; 

prolonged contact with the graffiti ensured by its high viscosity, ensuring the adhesion to vertical 

surfaces; solvent evaporation retarding, which enhances the performance of the gel. 

2.3.2.3      Laser ablation 

At the end of 80s and thenceforth, laser technology started to be experimented as graffiti removal, 

contributing to understand the involved physical processes. The method consists in the ablation of ink 

layers and it is based on the differential laser absorption among the undesired layers and the surface 

to be protected. It is a non-linear phenomenon which occurs when the energy deposited per unit area 

(irradiation fluence) exceeds the limit of the intrinsic property of the material to be extracted. However, 

the laser parameters, i.e., wavelength, repetition rate, pulse duration, etc., must be carefully adjusted 

to safeguard the physical conditions of the original material. As anexample, cultural heritage objects 

and other fragile materials should be cleaned with short duration pulses lasers (Gomes et al. 2018). 

The technique consists in a photothermal or photochemical process or a combination of both. In the 

former, graffiti cleaning is carried out by vaporization through a laser with a wavelength in the visible 

(Vis) or infrared (IR) range. In the photochemical process, the covalent bonds are broken due to the 

used of a laser with wavelength in the ultraviolet (UV) range. 

Laser cleaning present several advantages, including low environmental impact, non-contact nature 

of the method and high selectivity, gradual and controlled graffiti removal and repeatability of the 

treatment (Sanmartín et al. 2014). Methods as the CO2 laser, pulsed XeCl excimer laser, pulsed Nd: 

YAG laser, and high-power diode laser (HPDL) have been studied and tested (Rivas et al. 2012) (Moura 

et al. 2016) (Gomes et al. 2018). 

On the other hand, laser ablation can be either harmful to stone surfaces and consequently to other 

fragile material, such as ETICS. Additionally, when its parameters are set up for lower levels to not 

induce damage to the surface affected by graphic vandalism at a microscopic scale and darkening or 

yellowing it according to the wavelength, laser ablation has low efficiency (Giustia et al. 2020). 
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2.3.2.4      Mechanical cleaning 

A commonly adopted graffiti removal techniques consist in mechanical actions. These methods 

physically abrade  and remove the paint layer. Numerous dry or wet techniques includes high-pressure 

(100-400 psi) water washing, compressed air blasting with hard abrasive grains, abrasive discs (which 

must be avoided in historic monuments and fragile surfaces), or low pressure (approximately 30-40 psi) 

mechanical system, which has minimal abrasive grit, suitable for sensitive substrates (Urquhart 1999).  

Common low-pressure apparatus use a variety of soft grits, i.e., sodium bicarbonate, calcium 

carbonate, ground shells of coconut and walnut, urethane sponge impregnated with small particles of 

aluminium oxide, plastic chip, etc. However, preliminary testing is necessary, with the aim of fine-tune 

the treatment conditions on delicate surfaces, where other methods failed or demonstrated to be 

unsuccessful. Additionally, on graffitied coarse surfaces, pigments may be absorbed into the material, 

thus, abrasive cleaning methods can result on surface erosion and grain loss. Repeated use of abrasive 

techniques over the same surface must be also avoided (Urquhart 1999). 

Nevertheless, these methods, acting by abrasion through the pressurized projection of abrasives, 

can commonly lead to surface damages, such as the formation of cracks and fissures or mineral grain 

extraction. However, without neglecting the necessity of deeper investigation, soft abrasives and low-

pressure methods can be suitable options for cultural heritage, masonry and fragile substrates. 

Successful results of mechanical cleaning were recently obtained, with micro blasting technology 

SpongeJet™ (a dry soft-abrasive blasting instrument with a sponge-like urethane involving calcium 

carbonate particles), Exastrip™ (calcium carbonate particles), and with Hydrogommage™, a low-

pressure projection of air, water and micro-abrasive silica-based compound (Gomes et al. 2018). 

2.3.2.5      Repainting 

Despite not being a graffiti cleaning technique, repaint is the most widely used, least expensive and 

fastest method to disguise graffiti when executed over a mortar, plaster or other painted surfaces. 

Although the use of the same paint is recommended, similar colour are frequently used, often due to 

the commercial unavailability of the original paint or, rather, the availability of cheaper alternatives. 

Likewise, aesthetic differences between older painted and repainted façades are usually visible, often 

raising the necessity to repaint the whole surroundings of the graffitied area. Repainting is not a viable 

solution for graffitied stone substrates (Silva 2014). 

2.3.2.6      Innovative cleaning techniques 

New environmental-friendly and cost-competitive technologies are currently under research, to 

match the growing number of cases of graffiti and the the difficulty removal, especially due to highly 

adherent inks available in the market. 

Although it is at an early stage of the study, bioremediation provides a novel and promising approach 

to graffiti removal, especially when adopted subsequently to UV irradiation exposure of the paint. In 

fact, UV radiations  can slowly cause physical and chemical changes in graffiti-coated surfaces. 
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Previous preparation of the area might accelerate the deterioration process, since the degradation of 

the paint takes a long time to occur (Sanmartín and Pozo-Antonio 2020). 

Bioremediation consists in using living organisms to diminish pollutants from the environment, 

through biodegradation and biological synthesis of biodegradable substances. When compared to 

physical and chemical methods, several advantages can be identified: lower clean-up costs; low 

environmental impact; ease of application, compared to laser-based and new techniques; high 

selectivity of xenobiotic compounds. On the other hand, to our knowledge, few published studies have 

focused on bioremediation of graffiti spray paint, so that its limitations cannot still be foreseen 

(Sanmartín et al. 2014). 

Combined methods, such as the combination of laser ablation followed by chemical cleaning, as 

proposed by Giustia et al. (2020) for the removal of spray paints from marble, are currently under 

evaluation. According to this study, the paint layer is firstly prior thinned with laser ablation, and a 

successive chemical treatment is carried out, demonstrating to be more efficient than not-combined 

approaches. Additionally, other simple combined approaches, i.e. water jet and subsequent chemical 

cleaning, are frequently used to obtain better results. 

Other examples presented in literature imply the use of soda blasting, in which sodium bicarbonate 

crystals are in contact with a graffitied area by using compressed air (as in the case of the cleaning of 

the Statue of Liberty, in New York City, in the late 80s), or even to remove paint from concrete walls, 

while blasted with a high-speed gas-liquid mixture. Another method recently used in San Francisco 

(USA) is the association of dry ice and soy-oil product. In this case, carbon dioxide dry ice is applied to 

the substrate, turning into a gas and returning to the atmosphere leaving no residue. The admixture 

with the soy-oil product, containing methyl ester compound with rubbing alcohol, helps to remove certain 

types of ink. Additionally, flame and arc – liquid metal – spraying are low-cost and easy graffiti removal 

methods, despite the restrictions on fragile surfaces, which effect still needs to be studied in detail. 

Ultimately, plasma technologies induce the evaporation of the sprayed-on paint through a rotary nozzle, 

that makes the plasma hits the graffitied building façade at nearly ultrasonic velocity (Sanmartín et al. 

2014). 

2.4 Surface changes by graffiti cleaning under water action 

Several changes of the substrates’ properties are observed after the graffiti cleaning, especially with 

more harmful techniques or on more fragile surfaces, such as ETICS. Despite no information regarding 

alteration of the water transport properties of ETICS surfaces can be found in literature, recent 

researches evaluated the effects of graffiti cleaning techniques and anti-graffiti on stones and mortar 

surfaces.  

Several authors observed, during the evaluation of the graffiti cleaning methods, unsatisfactory 

results of the paint removal. Ciliberto et al. (2013) reported residues in the surface of limestone 

specimens cleaned with commercial liquid and pasta cleaner products. For Liccheli et al. (2011), the 

stone substrates were entirely stained (with a permanent marker pen) after the cleaning process. Similar 

results were obtained by Antúnez et al. (2012) and Lettieri and Masieri (2014), who observed ineffective 
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removal of an aerosol paint graffiti applied in a dolomitic marble and a highly porous calcarenite, after 

application of high-pressure water cleaning and two chemical products (a glycol ether-based solution 

and a mixture of surfactants and solvents), respectively. Moreover, according to Moura et al. (2017), 

the use of high-pressure hot water jet removed all graffiti paints from the stone specimens with anti-

graffiti treatment. However, in the specimens without any protection, the blue spray paint was only 

removed by applying the chemical remover, while the blue marker and spray grey paints left visible 

shadows. However, after the use of soft-abrasive blasting and chemical cleaning on calcareous stones, 

more effective results were reported by Carvalhão and Dionisio (2015), although some traces of paint 

were still visible. 

As mentioned, graffiti cleaning methods, depending on the type, can also alter the surface 

properties of different substrates. Concerning water, Carvalhão and Dionisio (2015), by comparing 

mechanical and chemical graffiti cleaning techniques on calcareous stones, have found that, after 

cleaning, the static contact angle (θs) increased, concluding that the wettability was strongly reduced. 

Additionally, both stone surfaces developed water repellence, meaning that the surfaces became 

hydrophobic after both the mechanical and chemical graffiti cleaning methods (dry soft-abrasive 

blasting and a solution of potassium hydroxide and surfactants). Before that, the graffiti alkyd paint 

layers changed the surface behaviour of stone from hydrophilic (θs < 90◦) to hydrophobic (θs > 90◦), as 

evaluated by many other authors (e.g. Ciliberto et al. 2013; Lettieri and Masieri 2014). This may be 

connected to the reduction of the surface roughness, as Antúnez et al. (2012) and Carvalhão and 

Dionisio (2015) observed after the graffiti cleaning, in a comparison between cleaned and uncleaned 

zones. However, Ciliberto et al. (2013) on contrary referred that after the chemical cleaning of an acrylic 

graffiti, the contact angles were drastically reduced, showing that the modifications of the surface 

properties are hardly predictable, depending on the techniques, products, and the interaction between 

them. 

Furthermore, Gomes (2017), by cleaning an Iberian Peninsula granite, Rosa Porriño, with a 

mechanical method which achieved the best cleaning results (projection of a mixture of air, water and 

silicon micro-abrasive), obtained higher contact angle values, when compared to the reference. 

Additionally,  higher surface roughness was registered, deducing a relationship among the roughness 

and the static contact angle, since a rougher surface will present more cracks and fractures that facilitate 

water penetration. After the cleaning of an SO2 aged surface, static contact angle results are 

comparable to the aged granite specimen and not the reference specimen. It can be concluded that 

SO2 may also play a meaningful role in surface hydrophobization (Gomes 2017). Moreover, reductions 

on the surface roughness of different types of ETICS with graffiti were registered after a cleaning 

methodology with a chemical remover (acid pH) followed by brushing under hot water (Caiado 2020).  

Along with several other authors who studied the effects of anti-graffiti products on different surfaces 

(stones, mortars and painted mortars), with exception to ETICS, Moura et al. (2016) verified that anti-

graffiti products (sacrificial and permanent) reduce the initial water absorption of the substrates, 

depending on the type of product and substrate. According to the authors, significant reductions on the 

initial capillary water absorption were obtained in their experimental campaign, with 88-96% for 
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limestone and 87-90% for unpainted mortar. Furthermore, the porosity, pore size, and distribution of 

the capillary pores affect the capillary water absorption, influencing the natural suction capability of the 

substrate (García et al. 2010). However, despite presenting higher contact angles, the protective effect 

of the surfaces with anti-graffiti was only satisfactory at the shortest times towards water penetration 

(30 min of water capillary absorption) (Gomes et al. 2017). With an analogous result, regarding the 

painted mortar substrate, Moura et al. (2016) found that the capillary water absorption had a significant 

reduction by the silicate-based paint in comparison with the unpainted lime-based mortar substrate 

(reductions around 90%), as Table 2.1 shows. Additionally the application of extra chemical products 

(in this case three distinct anti-graffiti Ssilox, Pfluor, Snano were used) to the final water transport properties 

of the substrates can also influence the water absorption. 

Table 2.1 - Average results of the physical properties for different substrate (adapted from Moura et al. 2016) 

Parameter Substrate Value Ssilox Pfluor Snano 
Without 

anti-
graffiti 

Capillary water 
absorption 
coefficient 

(kg/m².min0.5) 

Moleanos limestone Average 0.003 0.001 0.009 0.078 

Lime-based mortar Average 0.022 0.098 0.088 0.894 

Lime-based mortar painted Average 0.170 0.022 0.038 0.087 

Water 
absorption 
under low 
pressure 

(kg/m².min0.5) 

Moleanos limestone 

Average 0.008 0.008 0.000 0.019 

Standard 
deviation 

0.011 0.011 0.000 0.005 

Lime-based mortar 
Average 0.990 4.520 0.190 5.660 

Standard 
deviation 

0.745 1.017 
not 

measured 0.886 

Lime-based mortar painted 
Average 0.128 0.000 0.005 0.096 

Standard 
deviation 

0.026 0.000 0.008 0.052 

Drying index,  
Is 

Moleanos limestone Average 0.251 0.230 0.160 0.143 

Lime-based mortar Average 0.400 0.281 0.262 0.194 

Lime-based mortar painted Average 0.269 0.388 0.188 0.254 

Initial drying 
rate 

(kg/m².min0.5) 

Moleanos limestone Average 0.003 0.004 0.006 0.008 

Lime-based mortar Average 0.008 0.007 0.009 0.011 

Lime-based mortar painted Average 0.015 0.009 0.014 0.013 

 

 

2.5 Summary 

The application of ETICS has grown exponentially over the past few decades, associated with the 

improvement of buildings energy efficiency. Few investigations on ETICS with graffiti can be found in 

literature, mostly on painted stones and mortars. Besides that, ETICS present several anomalies where 

watertighness plays a meaningful role for walls performance. The water absorption in ETICS must be 

controlled, fulfilling the requirements of ETAG 004 (EOTA 2013). Furthermore, the absorbed water 

within the layers of ETICS must be also minimized to extend its service life, increasing ETICS 

performance and reducing maintenance cost. 
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Graffiti, since its appearance in urban scenarios, have been growing and affecting the public and 

private heritage, including, in expressive numbers, the buildings’ exterior. According to several authors, 

who studied the effect of graffiti on the surface and water transport properties of stones and mortars, 

alkyd spray paints can homogenize and level the surfaces. The transport of moisture in the stones 

plates with graffiti can be also found in literature. The water vapour permeability was reduced up to 

seven times, reaching values close to zero, registering also a low open porosity (<0.5%). A significant 

increase of the water-repellency of the stones, directly related (at short-term) to the measured static 

contact angle, was also observed. Additionally, it was found that the capillary water absorption had a 

significant reduction by the application of a silicate-based paint in comparison with unpainted lime-

based mortar substrate (reductions around 90%). Therefore, it is also important to study other ETICS 

properties that have not been studied yet, in conjunction to the application of graffiti on its surface, 

focusing on the water transport properties, commonly connected to the existence of anomalies in the 

façades. 

Graffiti cleaning, in its turn, is a very expensive task and, thus, the aim is to obtain an efficient and 

cost-effective technique. Several authors studied different graffiti cleaning methodologies for other 

types of surfaces (stones and mortars). Currently, the most used techniques englobe the use of 

chemical products, sometimes associated to mechanical cleaning techniques or others. In substrates 

without any protection, the application of a chemical remover demonstrated to be crucial. The cleaning 

results were less satisfactory in the mortar substrates with and without paint, in comparison to the lime 

stones, despite some differences in the cleaning methodology. After the use of soft-abrasive blasting 

and chemical cleaning on calcareous stones acceptable results in terms of paint removal, were 

achieved. 

Graffiti cleaning methods, depending on the solution, can also alter the surface properties of 

different substrates. Reductions of the surface roughness and contact angle were registered, in a 

comparison between cleaned and uncleaned zones of stones with mechanical and chemical graffiti 

removal procedures. However, paint removal is not easy, and strong and corrosive products have been 

used, modifying the properties and degrading  fragile surfaces, such as ETICS’ topcoats, or even inner 

layers for more severe cases. The search for the best graffiti cleaning method is also a hard task due 

to the numerous variables; as an example, the same paint, applied in different substrates, leads to 

completely distinct results, proving the importance of studying the effectiveness of the adopted graffiti 

cleaning methodology on ETICS with distinct types of paints and other types of removers, in relation to 

the previous studies. 

With this theoretical background, an experimental campaign is described in the next chapter, in 

order to study the water properties of ETICS with application of graffiti. 
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3. Experimental work  

3.1    Initial considerations 

This chapter describes the experimental campaign developed in the Department of Civil 

Engineering, Architecture and Georesources (DECivil) laboratory facilities of Instituto Superior Técnico. 

In this experimental work, several specimens of ETICS provided by different manufacturers were 

evaluated in terms of water transport properties without and with graffiti spray paint and, on a second 

phase, after application of graffiti cleaning procedures. Additionally, an IR Thermographic analysis was 

carried out to implement the results and corroborate forthcoming conclusions. 

For this purpose, for each type of the 12 ETICS, 9 specimens were tested, in a total of 108. From 

the 9 specimens of each ETICS type, three were used as reference, with the original white coloured 

finish, thus they were not painted with graffiti aerosol; three were painted with blue spray paint and three 

with silver spray colour.   

Water transport characterization tests were carried out in all specimens (with and without graffiti), 

more specifically evaluating water absorption by capillary, drying, low-pressure water permeability with 

Karsten tubes, and water absorption by contact sponge method. Thermal image analysis, with an 

infrared camera, was carried out in parallel to the capillary water absorption test. The tests and their 

respective standard procedures are presented in Table 3.1. 

Table 3.1- Performed tests and respective standards 

Test 
Normalization 

Water absorption by capillary ETAG004 (EOTA 2013) 

Drying EN 16322 (2013) 

Low-pressure water permeability with Karsten tubes Test No II 4 – (RILEM 1980) 

Contact Sponge UNI 11432:2011 (UNI 2011) 

Infrared Thermography ASTM C 1060-90 (2003) 

 

Graffiti cleaning was carried out on all specimens, either with or without graffiti, with a methodology 

based on: ASTM D7089 (ASTM 2014) standard procedure. This methodology was previously tested, 

with  satisfactory graffiti cleaning results; on a Master dissertation with similar ETICS specimens 

(Caiado 2020). External and internal changes of the specimens were visually evaluated and compared 

before and after the graffiti chemical cleaning procedures. However, regarding non-water-related 

aspects, a deeper analysis was recently carried out in another dissertation (Caiado 2020), checking 

possible surface changes (colour, gloss roughness).  

In a second experimental phase, all the water performance characterization tests were repeated for 

all specimens, with the aim of distinctly evaluate them and compare with the results obtained from the 

first phase, before the graffiti cleaning. 
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In this chapter, the material and procedures for the preparation of the specimens, evaluation 

methods of the water transport properties, graffiti cleaning and thermal imaging are presented and 

described. Figure 3.1 summarizes the laboratory procedures. 

     

Figure 3.1 - Experimental work summary 

3.2 Materials 

3.2.1       Specimens characterization 

In this work, the specimens have three different insulation materials, i.e. EPS, ICB and MW. 

Besides, the base and finish layers also differ among system solutions. However, the solutions were 

chosen in order to establish contact points between them and to have, for instance, two types of 

solutions in which only the type of insulating material differs, or in which only the constitution of the 

finishing layer varies. The detailed composition of the specimens will be described in this chapter.  

The first three specimens - 1G, 2G and 3G - consist of EPS-based ETICS panels reinforced with 

an incorporated fibreglass mesh, which improves cracking and impact resistance. As a base layer, a 

fibrous mortar (i.e., a cement-based powder mortar, with synthetic resins and mineral additives) lays 

over the insulation material; 1G presents also a sanded powder cement mortar, on top of the fibrous 

mortar. Finally, these specimens can have two variants of finishing systems: the first (1G) has a coat of 

white aqueous primer based on acrylic copolymer and acrylic paint with fine sanded film, reinforced 

with quartz powder; the following two (2G and 3G) are constituted by an aqueous textured acrylic-based 

primer, finishing with an aqueous coating, acrylic copolymer, marble powder and pigments, with an 

additional coat of 100% acrylic water-based paint in the case of specimens 2G. 
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The next five specimens - 4G to 8G - were obtained with a wide range of materials. Specimens 4G 

and 5G are ICB-based ETICS panels with natural hydraulic lime (NHL), cement, pozzolanic and 

polymeric binders, mineral fillers, resins, synthetic fibres and additives, in the base coat. Conversely, 

specimen 4G has a unique finish coating composed by air lime, hydraulic binder, mineral fillers, 

pigments and specific additives, whereas specimen 5G shares an identical primer coating (aqueous 

dispersion of acrylic copolymer with mineral fillers and specific additives) when compared to  systems 

6G to 8G. Specimens 6G and 7G consist of a EPS-Based ETICS boards and cement-formulated mortar 

- for insulating plates bonding and coating – with selected mineral fillers, resins, synthetic fibres and 

special additives. Specimens 8G differ only in the use of MW boards, however, presenting base coats 

similar to specimens 6G and 7G. Despite sharing the same primer coating, they differ in the finishing 

coats: 5G, 6G and 8G present coloured finishing with medium (M) or fine (F) texture, with acrylic resins 

in aqueous dispersion, mineral fillers, pigments and additives; system 7G is finished with selected 

mineral fillers, resins in aqueous dispersion, pigments and specific additives, assuming a higher quality 

finish, according to the manufacturer. All these specimens - 4G to 8G - incorporate, in their base layer, 

a standard or reinforced mesh with analogous purposes as seen in the previous systems. 

The last four specimens - 9G to 12G - also vary in terms of insulating materials, base coats, primers 

and finishes. Specimens 9G and 10G are ICB-based ETICS plates with bonding and surface 

regularization mortar, formulated from mixed binders, cork aggregates and NHL, whereas EPS-based 

(11G), and MW-based (12G) ETICS boards specimens are composed of fibres reinforced bonding and 

regularization mortar, formulated with mixed binders, selected aggregates and additions. Both groups 

include a standard or reinforced mesh incorporated in their base coat. On one hand, specimen 9G is 

the only system to present an aqueous alkaline silicate primer with an aqueous silicate paint based on 

potassium silicates, inorganic pigments and selected admixtures. On the other hand, specimen 10G to 

12G consisted of an anti-alkaline primer with acrylic resins and mineral fillers, accompanied by a 100% 

acrylic topcoat, admixed with siloxane resins and marble granules, and with protection against the 

development of fungi and algae as incorporated in the other systems, with exception to ETICS 3G and 

9G  

The specimens were cut in 50 x 50 ±3 mm specimens. The average total thickness of each 

specimen, considering the different thicknesses for insulating and finishing layers, varies between 39.87 

mm and 65.85 mm. Tables 3.2, 3.3 and 3.4, elucidate the technical characterization of the specimens 

according to the producers’ description, based on the  technical datasheets of the products. 

3.2.2      Specimens codes 

With the aim of effectively identifying the 108 ETICS specimens to be used in the experimental 

campaign, a specific nomenclature was created. In the identification, divided by a couple of numbers 

and the letter G (acronym of graffiti), despite being a graffiti specimen or not, the first number 

corresponds to the type of ETICS, varying from one to twelve, while the last one traduces the specimen 

available, from one to nine, identifying the ETICS panels acquired by the different suppliers. The 

reference specimens (non-sprayed) are identified as 1 to 3. The sprayed specimens, namely the blue  
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Table 3.2 - Technical characterization of the ETICS specimens 1G to 4G 

 

 

ETICS 
Thermal 

Insulation 
(TI) 

Base coat 

Finish coating Image Thickness 

Primer Topcoat Cross-section Topcoat 
Total 
(mm) 

TI  
(mm) 

1G EPS 100 

a) Fibrous 
mortar  

b) Sanded 
mortar 

+  fibreglass 
mesh 

reinforcement 

White aqueous 
primer 

Acrylic paint with 
fine sanded film, 
reinforced with 
quartz powder; 

  

39.87 35.29 

2G EPS 100 

Fibrous mortar  
 

+  fibreglass 
mesh 

reinforcement 
 

Aqueous 
textured 

acrylic-based 
primer  

a)  Aqueous 
coating, acrylic 

copolymer, 
marble powder 
and pigments 

b) 100% Acrylic 
water-based paint 

  

40.57 35.29 

3G EPS 100 

Aqueous coating, 
acrylic copolymer, 

marble powder 
and pigments 

  

40.29 35.29 

4G ICB 

NHL, cement, 
pozzolanic and 

polymeric 
binders, mineral 

fillers, resins, 
synthetic fibres 
and additives 
+  standard or 

reinforced mesh 

Air lime, hydraulic binder, mineral 
fillers, pigments and specific 

additives 

  

65.85 59.73 
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Table 3.3 - Technical characterization of the ETICS specimens 5G to 8G 

 

ETICS 
Thermal 

Insulation 
(TI) 

Base coat 

Finish coating Image Thickness 

Primer Topcoat 
Cross-section Topcoat Total 

(mm) 
TI 

(mm) 

5G ICB 

NHL, cement, 
pozzolanic and 

polymeric 
binders, mineral 

fillers, resins, 
synthetic fibres 
and additives 
+  standard or 

reinforced mesh 

Aqueous 
dispersion of 

acrylic 
copolymer with 
mineral fillers 
and specific 

additives 

Coloured finishing 
with medium (M) 
or fine (F) texture, 
with acrylic resins 

in aqueous 
dispersion, 

mineral fillers, 
pigments and 

additives 

  

63.61 59.73 

6G EPS 100 

Cement-
formulated 
mortar with 

selected mineral 
fillers, resins, 

synthetic fibres 
and special 
additives 

 
+  standard or 

reinforced mesh 

  

65.45 59.99 

7G EPS 100 

Coloured finishing 
with selected 
mineral fillers, 

resins in aqueous 
dispersion, 

pigments and 
specific additives 

  

64.53 59.99 

8G MW 

Coloured finishing 
with medium (M) or 

fine (F) texture, 
with acrylic resins 

in aqueous 
dispersion, mineral 

fillers, pigments 
and additives   

61.34 56.34 
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Table 3.4 - Technical characterization of the ETICS specimens 9G to 12G

ETICS 
Thermal 

Insulation 
(TI) 

Base coat 

Finish coating Image Thickness 

Primer Topcoat Cross-section Topcoat 
Total 
(mm) 

TI 
(mm) 

9G ICB 
Mortar, 

formulated from 
mixed binders, 

cork aggregates 
and NHL 

 
+ Standard or 

reinforced mesh 

Aqueous 
alkaline 

silicate primer 

Aqueous silicate 
paint 

  

43.91 37.91 

10G ICB 

Anti-alkaline 
primer with 

acrylic resins 
and mineral 

fillers 

100% Acrylic 
topcoat 

 
 

  

41.91 37.91 

11G EPS 

Fibres 
reinforced 

bonding and 
regularization 

mortar, 
formulated with 
mixed binders, 

selected 
aggregates and 

additions 
 

+  Standard or 
reinforced mesh 

  

43.30 38.30 

12G MW 

  

44.80 39.80 
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and silver-painted, are between 4 to 6, and 7 to 9, respectively. Figure 3.2 shows the identification 

system, and Figure 3.3 exemplifies the case for the nine specimens belonging to ETICS type 7G. The 

same applies to other specimens.  

 

Figure 3.2 - Identification of specimens 

  

Figure 3.3 - Organization and distribution of the Specimens 

To ensure the representation of the real case – in which the boards of ETICS are stanched and the 

only face exposed to the atmosphere is the finishing one – and at the same time identify the specimens, 

the lateral sides were sealed with aluminium scotch tape by TESA. This allowed an easy identification, 

a reliable execution of the tests (no water penetration on the lateral side) and, ultimately, avoid paint 

contamination in the sides during the graffiti spraying process. 

3.2.3      Paints and graffiti  

The aerosol spray paints used in this work were based on previous studies (Rivas et al. 2012) 

(Pozo-Antonio et al. 2018) and suggested by professionals in the field of cultural heritage, who found 

different responses to conventional paint removal methodologies. The selected commercial colours 

were ultramarine blue (RAL code RV-5002) and silver (RAL 7001), trademark by Montana Colors S.L 

(Figure 3.4).  

 

Figure 3.4 – Aerosol spray cans. 
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Different analytical techniques were previously used to characterize the composition of graffiti 

paints, showing the main component of these sprays is a polymeric base (alkyl resin or polyolefin) with 

different fillers or charges. Nevertheless, it is relevant to point out the case of silver paint, which contains 

a high quantity of aluminium particles, giving it a metallic lustre. However, the exact formulations of the 

paints are provided by the manufacturer. The identification of the graffiti material is an important step 

for graffiti removal. According to Sanmartín et al. (2014), several authors, including Fiorucci et al. (2011) 

and Rivas et al. (2012), chemically characterized spray paint in laboratory studies as a key step before 

graffiti cleaning, using different equipment, such as SEM/EDX (Scanning Electron Microscopy with 

Energy Dispersive X-ray spectroscopy), XRF (X-ray Fluorescence), FTIR (Fourier Transform Infrared), 

and LIBS (Laser-Induced Breakdown Spectroscopy).  

Results showed that both paints are primarily organic, with the percentage of carbon varying from 

62.91% in the blue paint to 70.36% in the silver paint. Within the blue graffiti paint, after the most 

representative element (carbon), the only mineral phase detected, by X-ray diffraction, is rutile (TiO2), 

typically used as extender and opacifier in paints. FTIR spectra indicated that blue paints are composed 

of alkyds and polyester resins or varnishes. Silicon is present in a significant amount, as well as copper, 

in fewer quantities, whose oxides and salts are used as blue chromophores.  

The silver paint, in terms of chemical composition, is less complex: besides carbon, only aluminium, 

iron and zinc were detected, these to a much lower concentration, being aluminium the main constituent 

of the inorganic fraction. A predominance of polythene-based polymers is identified in this paint, causing 

a high reflectance under infrared radiation when using FTIR spectroscopy to analyse the organic soluble 

fraction (Rivas et al. 2012).  Table 3.5 shows the chemical composition of both paints with more details, 

based on other authors.  

Table 3.5 - Chemical characterization of the graffiti paints, according to Fiorucci et al. (2011) and Rivas et al. 
(2012) 

Paint 
Carbon      

(C) 

Hydrogen 

(H) 

Rutile 

(TiO2) 

Silicious 

Dioxide (SiO2) 

Aluminium 

Oxide (Al2O3) 

Ultramarine 

Blue 
62.91% 7.25% 14.20% 5.03% - 

Silver 70.36% 10.16% - - 19.43% 

    

Following the standard ASTM D7089 (2014), the specimens were painted with a spray can with an 

angle of 45 º and 15 cm distance from the surface. In order to avoid overloading the specimens with 

paint, as the target surface area was considerably small (50 mm x 50 mm), few preliminary tests were 

performed over expendable specimens. From the standard adaptation, and following the same graffiti 

painting methodology as Caiado (2020), it was established that spraying during 1 second three times 

in two distinct directions was enough to fill the whole surface area of the specimens. Figure 3.5 a) shows 

the process of graffiti application during the preliminary tests and Figure 3.5 b) the specimens’ colours. 
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Figure 3.5 - (a) Graffiti application and (b) Reference, blue and silver random specimens 

For the polymerization process, according to the standard ASTM D6578 (2000), the specimens 

shall be left for at least 24 hours under environment temperature, so the polymerization is developed, 

and testing is possible. Consequently, after the application of graffiti, the specimens were stored in a 

chamber with controlled temperature (20ºC) and relative humidity (approximately 65%). The mass of 

the specimens before painting, immediately after, and during the sequent 3 days (72 hours), was 

controlled, showing the average difference in mass loss from 24 hours to 72 hours was 0.07 g, 

representing around 0.3% of the specimens’ mass, which leads to conclude that the specimens are 

almost completely dry already after the first 24 hours of the graffiti application. However, the specimens 

were stored in the chamber for 60 days before the beginning of the tests, differing from Caiado (2020), 

where the specimens were stored for 8 days before the beginning of the tests. 

3.3 Experimental techniques 

3.3.1       Initial characterization  

As previously mentioned, the experimental work, presented in Figure 3.1, consists on a set of 

different water transport tests executed twice, before and after the application of a graffiti cleaning 

methodology, to evaluate the modification on the ETICS water transport properties (without and with 

graffiti) after trying to effectively remove graffiti. After the identification and preparation of the specimens, 

the experimental campaign was carried out, as described in the next subchapters.  

3.3.1.1       Water absorption by capillarity 

The water absorption through capillary test (Fig. 3.6) is performed based on ETAG 004 (EOTA 

2013) although with some changes in the dimensions of the specimens, as already mentioned, 

measuring 50 x 50 mm.  

i) Procedure 

Primarily, to perform this test, the specimens were conditioned for a minimum of 7 days at 23 ± 2°C 

and 65 ± 5% relative humidity before the test. The side faces were formerly sealed with waterproof 

a) b) 
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aluminium tape, preventing the exchange of moisture by the lateral faces and ensuring that only the 

face of the finish will be subject to water absorption. Specimens were initially weighed (dry state 

reference) and then put them in contact with the water, for 24 hours in a water tank at 23 ± 2 ° C, with 

the finishing faces downwards, at a depth of 2 to 5 mm. After 3 min, 60 min, 120 min, 240 min, 360 min 

and 1440 min (24 h) from the initial contact with the water, the specimens were removed from the water 

tray, the face in contact with water was cleaned with an absorbent cloth, gently touching it twice, thence 

they were weighed (scale with accuracy of 0.01 g) and placed again in the tray. 

 

Figure 3.6 - Water absorption by capillary test of first 18 ETICS specimens (1G1 to 2G9) 

ii) Results 

The speed of water absorption by capillary in the initial period is characterized by the coefficient of 

water absorption by capillary (Cc). This coefficient was obtained through the slope of the first line 

segment of the graphs which relate the water absorption and the square root of time (Figure 3.7). 

 

Figure 3.7 - Example of capillarity coefficient (Cc) obtained through a capillary absorption graph. 

In addition to the capillary water absorption coefficient, it is important to mention the capillary 

absorption results (kg/m2) which should also be measured, after 1h and 24h of testing. Regarding the 

value obtained at 1 hour of testing, ETAG 004 (EOTA 2013) indicates a value not exceeding 1 kg/m2 

for systems approval. About the value at 24h of testing, the same document indicates that the systems 

can be considered freeze-thaw resistant without the need for additional tests, in case the capillary 

absorption results do not exceed 0,5 kg/m2. 
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These values are extremely important as the systems must have a low water absorption by capillary, 

preventing the water from reaching the insulating layer and therefore conditioning the thermal 

performance of that layer, also promoting the appearance of anomalies. 

3.3.1.2      Drying 

The drying test was carried out following EN 16322 (2013) and test No. II.5 of RILEM (1980b). This 

test starts right after the end of the capillary water absorption test, using the same ETICS specimens, 

however, with the finishing coat facing upwards. 

i) Procedure 

For the execution of this test, immediately after the last measurement of the capillarity water 

absorption test, the specimens were left to dry in the same room, with the same environmental 

conditions (23 ± 2 °C and 50 ± 5%), outside the tray with water. The initial mass for this test corresponds 

to the mass obtained at 24h for capillary absorption. Then, the specimens were weighed (scale with 

accuracy ± 0.01 g) at 30 min, 60 min, 120 min, 240 min, 360 min and 1440 min (24h) after being 

removed from the tray with water. In the following days, weighing continued at 2880 min (48h), 4320 

min (72h) and 10080 min (168h), until the mass stabilized (mass difference of 1% between two 

consecutive weightings).The test finished after the seven days of the drying period for all ETICS 

specimens. 

ii) Results 

A graph is constructed with the values obtained from the weighing specimens over time, which 

relates the ratio between the evaporated water mass and the base area of the specimen to the square 

root of time, and thus analysing the drying resistance and drying speed of each specimen. Two drying 

rates are obtained from the graph: D1 and D2. D1 considers the material with the maximum water 

absorption achieved, reflecting the transport of liquid water to the outer surface of the specimen, 

acquired through the initial slope of the drying curve (first phase). It is the water loss (kg/m2) as a 

function of time (h). On the other hand, D2 starts when the drying speed recedes, as the capillary flow 

of liquid water reaching the surface is reduced, being obtained through the slope of the intermediate 

phase of the drying curve, corresponding to the second phase, and represented by the water absorption 

(kg/m2) as a function of the square root of time (h0,5). During this phase, the transport of water from 

inside to the surface of the material is carried out by steam diffusion.  

Determined also through the drying curves, another important parameter of this test is the drying 

index (𝐼𝑆), which reflects the drying resistance of the material. This index is obtained by the following 

equation, cited by Moura et al. (2016): 

𝐼𝑆 =
∫ 𝑓(

𝑀𝑥−𝑀1
𝑀1

)𝑑𝑡
𝑡𝑓

𝑡0

(
𝑀3−𝑀1

𝑀1
)×𝑡𝑓

                                                         (3.1) 
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Where: 

𝑀𝑥 - mass of the specimen recorded during the drying process (g); 

𝑀1 - mass of the specimen in a dry state (g); 

𝑀3 - mass of the specimen in the saturated state (g), which corresponds to the mass at the 

beginning of the drying process; 

𝑡𝑓 - final drying test time (h). 

It was also possible to obtain the variation in mass at the end of drying, related to the dry mass at 

the beginning of the capillary test. 

3.3.1.3 Low-pressure water permeability with Karsten tubes 

To evaluate the water resistance of ETICS under the combined action of driven-rain, the Karsten 

tube technique (Fig. 3.8) is used. Through this test, it is possible to determine the amount of water 

absorbed at the surface under a pressure gradient, for a given area and during a certain time interval. 

This test was carried out based on LNEC FE Pa 39 (2002), based on test No. II.4 of RILEM (1980a), 

although with a modification in the sealant used, using a mastic, which can be completely remove after 

testing, instead of silicone. The specimens used in this test were those previously mentioned in the 

former tests and allowed the fixation of one Karsten tube per specimen (since the area is considerably 

reduced).  

        

Figure 3.8 -  Low-pressure water permeability with Karsten tubes of 6 ETICS specimens (1G1 to 1G6) 

i) Procedure 

For the performance of this test, the specimens were attached to a vertical support specifically 

designed to tightly fit them and guarantee their verticality. Subsequently, the mastic sealant was placed 

on the edges of the graduated glass tubes (with capacity of 4 cm³) to secure them on the ETICS surface 

(it is important to avoid excess adhesive material, as the area in which water penetrates the substrate 

can decrease). Furthermore, the graduated tubes were grasped to the specimens and filled with water 

up to the initial reference of 0 cm3. Immediately afterwards, the register of the water level started at 0 

min, 30 min, 60 min, 120 min, 240 min, 360 min and 1440 min (24h) without replacing the water level. 

ii) Results 
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From the accumulation of water values absorbed by the specimen (cm3) during the first 60 minutes, 

it is determined the water absorption coefficient (Kc) using the following equation (Duarte et al. 2011): 

𝐾𝑐 =
𝐴𝑏𝑝×10−3

𝐴𝑐𝑜𝑛𝑡𝑎𝑐𝑡×10−4×√60
                                                       (3.2) 

Where: 

- 𝐾𝑐 - water absorption coefficient at 60 min (kg/m2.√𝑚𝑖𝑛); 

- 𝐴𝑏𝑝 - water mass absorbed at 60 min (kg); 

-  𝐴𝑐𝑜𝑛𝑡𝑎𝑐𝑡 – the area of contact between the tube and the surface (assumed = 5,7 cm2). 

The results are graphically expressed, relating the volume of absorbed water in cm3 (Y-axis) with 

time in minutes (X-axis). Additionally, it is interesting to calculate the Kc
120 (water absorption coefficient 

at 120 min) to better understand the behaviour of the systems when absorbing water under low-

pressure. 

3.3.1.4      Water absorption by contact sponge 

The contact sponge method is non-destructive in-situ technique for estimating water uptake 

coefficient. Recently adopted by researchers (Scrivano and Gaggero 2017) (Ludwig et al. 2018), with 

results directly comparable to the water uptake laboratory measurements, it is an interesting test to 

examine the performance of the finish coating. 

The test, registered by the Italian normative UNI 11432:2011 (2011), measures the amount of water 

absorbed by the specimens, through the contact area of the wet sponge, with pressure, during a given 

amount of time (Figure 3.9 b)). 

                                                                                                  

Figure 3.9 - a) sponge being soaked with water, b) contact sponge test set-up, and c) weighting of specimen 2G9 

i) Procedure 

In this test, the sponge (diameter of 50 ± 2 mm, placed over a plastic support) was soaked with 7 

ml of water with a pipette and weighed (scale with accuracy ± 0.0001 g), as showed in Figure 3.9 a). 

Then, the stopwatch was set for 90 seconds and it began counting when the sponge (with its holder 

a) b) c) 
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faced upwards) was placed over the specimen with the weight (load of 0.017 kg/cm²) over the entire 

system. Subsequently, the sponge was weighted and, along with the specimen, placed to dry for 24 h 

at 40 °C. The process was repeated for all specimens. Moreover, the mass of the specimens before 

and after contact with the sponge was controlled (Fig. 3.9 c) to compare the mass differences obtained 

from the sponges. 

ii) Results 

From the mass differences of the sponges collected, the amount of water absorbed (𝑊𝑎) by each 

specimen, through the contact area, during the given amount of time is calculated with the equation: 

𝑊𝑎 =
∆𝑚

𝐴×𝑡
=  

(𝑚𝑖−𝑚𝑓)

𝐴×𝑡
                                                      (3.3) 

𝑚𝑖 - mass of the sponge (including its holder) before the contact (g) 

𝑚𝑓 - mass of the sponge (including its holder) after the contact (g) 

𝐴 - contact area of the sponge (g/m2. s) 

𝑡  - duration time of the contact (s) 

3.3.1.5       Infrared thermography 

In this experimental work, infrared thermography (IRT) was adopted to assess the water penetration 

by capillary through the interior of the coats composing the different ETICS specimens and compare 

with the results acquired from the water tests before and after the graffiti removal. 

IRT is a non-contact and non-destructive testing technology which can be applied to determine the 

surface temperature of an object. Infrared radiation emitted by the material is collected by the detectors 

and converted into a thermal image with the distribution of the body superficial temperature, the 

thermographs. In this process, each pseudo-colour expresses a certain range of temperatures (Fig. 

3.10a). To accomplish this test, a thermal camera - FLIR® i7 Infrared (IR) - was used. According to the 

recommendations of the manufacturer, the camera was set for an emissivity of the materials of 0.95. In 

fact, for higher emissivity objects, reflected temperature has less influence, considering that 

construction materials which compose the ETICS specimens have an average emissivity of 0.95, with 

exception to cork (0.7). It is important to refer that the aim of the IRT is to analyse the difference of the 

temperatures along the thickness of the systems, and not to analyse the exact temperature of the 

specimens. Therefore, variations on the emissivity are not considered, for purposes of simplification. 

i) Procedure 

For the execution of this test for each phase – before and after the graffiti removal – after 24h of a 

second water absorption by capillary test, the specimens were removed from the water tray, gently 

touching twice the topcoat (the one in contact with water) with a absorbent cloth and placed over a 
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surface surrounded by EPS cardboards, in the same room, with the same environmental conditions (23 

± 2 °C and 50 ± 5%). Then, the aluminium tape was removed from the sides of the specimens to analyse 

the inside. With the IR thermal camera, two pictures of the lateral section, at a distance of about 10 cm 

- with a rotation of 90° - were taken for each specimen for more reliable results of the water penetration 

through the layers.  

    

Figure 3.10 – (a) IRT acquisition of three specimens from ETICS 12G, (b) Thermal image of specimen 12G1 
(side A) before graffiti cleaning phase 

ii) Results 

After the thermal images acquisition, the analysis was made with support to FLIR® tools software. 

The temperatures along the thickness of the specimens were obtained from an average of the values 

(around 100 points per line) of three vertical lines (one at the centre and two at 5 mm from the edges) 

for each of the two sides of the specimens, as Figure 3.10b shows. The results were mostly graphically 

presented, relating the specimen’s temperatures with the depth. 

3.3.2       Graffiti removal 

To the authors knowledge, several works studied the graffiti cleaning effectiveness, and only a 

recent work focused on ETICS façades (Caiado 2020). Based in some recent graffiti cleaning studies, 

with mention to Gomes (2017) and another Master dissertation (Caiado 2020) with similar ETICS 

specimens but with a different graffiti removal methodology (use of a chemical remover with acid pH, 

with values ranging from 3.0 to 4.0), a preliminary graffiti removal testing was performed to achieve the 

best possible cleaning results at the end of the work, with the available materials (different chemical 

products with alkaline pH). The chosen cleaning methodology was adapted to avoid the unpredicted 

results seen in Caiado (2020) study, that followed the ASTM D7089 recommendation on using a high-

pressure water jet with pressure varying from 50 to 105 bar and a water temperature between 60°C 

and 83°C (a water temperature of 40°C was adopted in the author’s study). Figure 3.11 shows the 

unsatisfactory results after the utilization of the water jet and an acid graffiti chemical remover, which 

caused severe damages on many ETICS specimens (Caiado 2020).  

For this campaign, the cleaning phase had no high-pressure water jet, as an answer for the fragile 

surface of the ETICS specimens. Additionally it was skipped the nylon brushing under water without 

a) b) 



 

37 

 

 

previous application of graffiti remover, a step adopted from Caiado (2020), since differences in the 

results were not visible. 

  

Figure 3.11 - Damage induced in another work (Caiado 2020) with water jet on ETICS specimens 4G (left), 9G 
(centre left) and 1G (centre right), and after the chemical remover of specimen 6G (right) 

Furthermore a preliminary graffiti chemical removal campaign was performed with additional 

specimens to optimize the cleaning efficiency, minimizing a potential deterioration. Three commercial 

products were used:  

- A solution of n-butyl acetate, xylene and alcohol isobutyl, hereinafter designated as GR; 

- A solution of potassium hydroxide containing n-butylpyrrolidone, 2-(2-buthoxyethoxy) ethanol, 

2-butoxyethanol, hereinafter designated as AS; 

- A solution of potassium hydroxide containing 2-butoxyethanol, a highly alkaline product with 

pH-value of circa 14, used for removal of graffiti-shadows in conjunction with graffiti removal, 

hereinafter designated as AS-Shadow; 

After preliminary tests, the GR product was discarded from the chemical cleaning as the satisfactory 

results were only attainable for the silver specimens and unsatisfactory for the blue specimens, with an 

instantaneous deterioration of the EPS-based specimens. The following procedure was adopted, with 

a maximum of 3 cleaner applications as the operator verified that more repetitions would not improve 

the final result and irreversible damage could be achieved. This step differs from the procedure adopted 

from Caiado (2020), where, after the first chemical cleaning step, the ETICS specimens with the best 

cleaning results of each of the 3 finishes options (reference, blue graffiti, or silver graffiti) went for a 

second cleaning step with a chemical remover, while the remaining two specimens of each finish option 

were subjected to the mentioned cleaning with a high-pressure hot water jet. Therefore, based on 

preliminary trials and previous results from other authors, the following graffiti removal methodology 

was carried out, following suppliers’ recommendations, inside a ventilated chamber (Figure 3.12 a): 

Step 1 - chemical cleaning with AS, pouring 2 ml over specimens’ topcoat, acting for 10 minutes, 

followed by nylon brush under hot water (40°C) for 6 times in orthogonal directions, with the same 

pressure and gently, as shown in Figure 3.12 b). For each colour, it was used a different brush to avoid 

contamination with the other colour. It is important to mention that all reference specimens were only 

submitted to this cleaning step, due to an approximation of the reality, where there is less effort to clean 

areas without graffiti of a graffitied façade.  
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Step 2 - repetition of the previous procedure for all painted specimens (only) to improve the cleaning 

efficiency, with the aim of reproducing a real case where, generally, deep cleaning with an application 

of more product is conducted in graffitied façades. 

Step 3 - chemical cleaning for removal of graffiti-shadows (applied to all painted specimens), with 

AS-Shadow, pouring 2 ml on the specimens topcoat, reacting for 10 minutes, followed by nylon brush 

under hot water (40°C) for 6 times in orthogonal directions, with the same pressure and gently. Different 

brushes were also used accordingly to the colour to be cleaned. 

       

Figure 3.12 - a) Ventilated chamber for graffiti removal products’ application, and b) Nylon brushing with hot 
water 

Afterwards, the specimens were dried for 24 h at 32 ± 2°C and conditioned for 7 days at 23 ± 2 °C 

and 65 ± 5% relative humidity before starting the second phase of water tests of this experimental 

campaign. 

3.4 Summary 

In this chapter, the description of the experimental work within this dissertation was presented. 

Therefore, the graffiti cleaning effectiveness can be evaluated for the 12 ETICS specimens, along with 

the water transport properties and the changes with and without graffiti (reference specimens), as well 

as, before and after the graffiti removal. To better understand the dimension of this experimental 

campaign, Table 3.6 summarizes it in numbers, with a total of 1332 tests/tasks performed. 

Table 3.6 - Number of tests/tasks executed in the experimental campaign 

Test/Task 
Number of  
tests/tasks 

Specimens Total 

Water absorption by capillarity 2 108 216 

Drying 2 108 216 

Low pressure water permeability with 
Karsten tubes 

2 108 216 

Contact Sponge 2 108 216 

IR Thermography 2 108 216 

Graffiti Cleaning (reference spec.) 1 36 36 

Graffiti Cleaning (painted spec.) 3 72 216 

   1332 

In the next chapter, the results obtained in the experimental campaign are presented and discussed. 

a) b) 
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4. Results 

4.1 Initial characterization 

4.1.1 Graffiti paint quantity  

Before and after paint application, the mass and surface area of the specimens were controlled in 

order to quantify the amount of spray paint applied on the specimens. Analysing the applied paint of the 

blue specimens (Table 4.1), the average value (of three specimens) is 59.01 g/m2, and the minimum 

observed is 31.37 g/m2 (2G5), while the maximum is of 95.10 g/m2 (10G6).  Regarding the silver 

specimens, the results are slightly lower compared to the blue ones, where the average was of 46.02 

g/m2, with a minimum and maximum of 4.96 (2G8) and 76.92 (11G9). The same application procedure 

of Caiado (2020) was adopted, however, the average amount of applied paint, in general, is about five 

times higher in this study probably due to the influence of the operator, which might have applied a 

stronger pressure on the can valve, compared to the author previously mentioned, or to the difference 

in the type of nozzle used in the spray can. 

Table 4.1 – Average amount of spray paint applied per area on all graffiti specimens (S). 

 

*iGj, where i is the ETICS type (from 1 to 12), and j is the specimen’s number from 1 to 3 (reference), 4 to 6 (blue 

painted), and 7 to 9 (silver painted). 

4.1.2 Water absorption by contact sponge 

4.1.2.1 Prior to graffiti application (reference) 

Figure 4.1 shows the average results of Wa for each reference ETICS (on the right, without 4G, 

being the associated Wa and respective standard deviation much higher than the others). Additionally, 

the average values and standard deviation for water absorption (Wa) of each type of ETICS are 

presented in attachment (Table A.1), before graffiti application (reference specimens). Specimen 4G 

(ICB-based ETICS with NHL-based layer and air lime finish) had the highest average value of Wa 

(1.1694 g/m².s) among all the studied ETICS, followed by specimen 7G (EPS-based ETICS with 

cement-formulated mortar and acrylic finish coat) (0.4244 g/m².s) and 9G (ICB-based ETICS with NHL-

Blue paint Silver paint 

S g/m2 S g/m2 S g/m2 S g/m2 S g/m2 S g/m2 

1G4 40.22 1G5 53.33 1G6 33.12 1G7 30.40 1G8 11.72 1G9 16.40 

2G4 55.52 2G5 31.37 2G6 50.98 2G7 22.68 2G8 4.96 2G9 33.22 

3G4 65.72 3G5 80.59 3G6 71.19 3G7 41.19 3G8 72.96 3G9 58.86 

4G4 42.29 4G5 51.78 4G6 45.25 4G7 39.91 4G8 37.71 4G9 33.94 

5G4 51.78 5G5 68.94 5G6 50.80 5G7 48.09 5G8 49.02 5G9 51.78 

6G4 58.71 6G5 62.75 6G6 69.39 6G7 60.95 6G8 60.84 6G9 56.03 

7G4 50.17 7G5 51.47 7G6 65.73 7G7 62.51 7G8 48.10 7G9 63.55 

8G4 52.69 8G5 88.83 8G6 77.15 8G7 24.59 8G8 65.05 8G9 69.20 

9G4 39.22 9G5 44.38 9G6 69.20 9G7 47.06 9G8 34.60 9G9 37.71 

10G4 87.25 10G5 75.41 10G6 95.10 10G7 67.87 10G8 73.08 10G9 66.67 

11G4 56.56 11G5 82.42 11G6 75.41 11G7 56.00 11G8 38.46 11G9 76.92 

12G4 44.41 12G5 39.41 12G6 45.89 12G7 41.60 12G8 27.91 12G9 25.15 
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based layer and silicate keycoat and topcoat) (0.2217 g/m².s). Specimens 1G to 3G have low Wa 

values, with specimen 2G presenting the lowest Wa of all the specimens (0.0836 g/m².s). In fact, 

specimen 2G is an EPS-based ETICS with cement-based mortar and two layers of acrylic paint in the 

topcoat. When considering specimens 2G and 3G, with the same composition till the primer, in which 

the specimen 2G has an additional layer of acrylic paint, it is worth noting that this last layer can 

considerably reduce the water absorption, resulting in an average reduction of 33% when compared to 

system 3G, which presents only the copolymeric finish coating. However, if specimens 1G and 3G are 

considered, it is verified that the application of acrylic paint (with fine sanded film, reinforced with quartz 

powder) on ETICS 1G contributes to a reduction of the Wa of about 28%, if compare to specimen 3G 

(copolymeric finish) . This difference could be explained either by the chemical composition of the 

copolymeric coating or by the presence of additives (marble powder, pigments) in the paint, which may 

contribute to water retention. With this fact in mind, it can be concluded that it is not only the application 

of the acrylic paint layer that strongly contributes to the reduction of the water absorption, however, also 

the integrated application of two layers of paint (acrylic copolymeric coat and additional acrylic paint).  

   

Figure 4.1 - Average water absorption (Wa) and standard deviation obtained per each reference ETICS type: a) 
Reference ETICS Systems; b) Reference ETICS Systems - Without 4G.    

Concerning specimens 4G to 8G, they generally presented stable values of water absorption 

(around 0.10 g/m².s), with exception of specimens 4G and 7G, as previously mentioned. Specimen 4G 

has an average Wa value much higher than that of specimen 5G. The only difference in the composition 

of these specimens is related to the finishing layer (Tables 3.2 and 3.3). The inclusion of the acrylic 

paint and coloured finish with acrylic resins in the 5G specimens seems to contribute to a noticeable 

decrease in the average Wa value, in relation to 4G specimen, which presents aerial lime in the finishing 

layer. In fact, specimens 5G, 6G and 8G, despite differing only in the thermal insulating material (ICB 

for 5G, EPS for 6G and MW for 8G) and base coat (NHL-based for 5G and cement-based for 6G and 

8G), had similar Wa values. For these reasons, it can be concluded that the finish coating probably 

plays a meaningful role in the initial water absorption, measured with the contact sponge method. 

Finally, comparing specimens 6G and 7G, which differ only in the acrylic topcoat (fine to medium 

textured acrylic finish in ETICS 6G, whereas ETICS 7G has an unspecified textured acrylic finish coat), 
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the latter (7G) had Wa values of about four times greater. This confirms the importance of the 

composition of finishing layer, such as the mineral fillers and additives, as previously mentioned, 

considering also that the measured average punctual roughness of these topcoats do not differ (Caiado 

2020). 

Regarding the specimens 9G to 12G, the option of using a silicate paint instead of an acrylic finish 

system contributed to an increase of 138% in the average Wa value for specimens 9G (0.2217 g/m².s) 

in relation to 10G (0.0932 g/m².s). On the other hand, despite having the same finish coating, the use 

of cement mortar with NHL in the base coat of specimens 11G (Wa of 0.1332 g/m².s) and 12G (Wa of 

0.1372 g/m².s) led to about 45% increase in the Wa value, when compared to specimen 10G, where a 

hydraulic lime mortar with cork aggregates was adopted in the base coat, as specimen 9G.  

Among the ETICS solutions studied, it seems that the contact sponge method evaluated the water 

absorption of the most external layers (topcoats) which compound these systems, not affecting the 

thermal insulation. However, the finish coat (topcoat plus primer) could play a meaningful role here, 

with the air lime and hydraulic binder drastically increasing the water absorption levels, whereas the 

use of acrylic layer in most of the specimens reduced the water absorption, with a noticeable decrease 

after a secondary application of the acrylic paint (e.g., on specimen 2G). Additionally, the silicate paint 

probably led to a higher average water absorption than most of the ETICS with acrylic paint. 

Notwithstanding, the base coat may have also developed a role in the water transport properties of 

ETICS, with a considerable increase in the water absorption of the mixed cement- and NHL-based coat, 

in comparison with the NHL-based coat. 

4.1.2.2 After application of graffiti (blue and silver) 

After the application of the blue and silver spray paints, a drastic reduction in the average Wa values 

was observed (Figure 4.2), mainly in the specimens that previously presented the highest values -  

reductions compared to the reference specimens of about 94% for 4G and about 86% for 7G, in relation 

to silver painted ETICS, whereas reductions of about 92% and 84% were observed for the same blue 

painted specimens, respectively. Furthermore, the highest average value of water absorption obtained 

for the blue graffiti paints was still registered among specimens 4G to 8G, belonging to specimens 4G 

(blue painted), with 0.0947 g/m².s. On one hand, the 1G to 3G specimens continued presenting lower 

Wa values, with specimen 2G obtaining the lowest Wa of all the specimens (0.0425 g/m².s for silver 

paint), with decreases of about 46% and 49%, respectively for the blue and silver paint, in comparison 

to the reference. Analogous reductions of the average Wa were observed for most of the systems.  

It is important to mention that all average Wa values are even lower for silver specimens (reductions 

ranging from 4% for specimen 10G to around 32% for 1G, when comparing the silver specimens to the 

blue ones), except for specimens 5G and 9G (Figure 4.2). Indeed, in these two specimens an increase 

in average Wa values was registered for the silver ETICS, when compared to the effect of blue paint 

on ETICS. 



 

42 

 

 

 

Figure 4.2 - Average water absorption (Wa) and standard deviation obtained for each painted ETICS type. 

Hence, it is concluded that the graffiti spray paint reduced the surface water absorption evaluated 

through the contact sponge method, thus increasing the hydrophobicity of the systems. The silver spray 

paint, when compared to the blue ETICS specimens, lead to surfaces with, in general, less absorption 

of water. This is probably associated to a stronger binding characteristic with the different ETICS 

topcoats, as the silver paint had polyethylene polymers in its formulation whereas blue paint had alkyd 

ones. However, interestingly, the silver painted ETICS specimens registered a lower average amount 

of paint per area, in comparison to the blue painted ETICS, as seen in Table 4.1.  

4.1.3 Water absorption by capillary  

4.1.3.1 Prior to graffiti application (reference) 

Figure 4.3 and, in attachments, Table A.2 show the average values of water absorption by capillarity 

at 3 min, 1h, 2h, 4h, 6h and 24h of test and the capillarity coefficients (Cc), obtained through the slope 

of the initial lines of the graph presented in Figure 4.4. Through the analysis of Table A.2, the values of 

capillary absorption after 1 hour of testing for all the studied solutions were equal or less than 1 kg/m², 

in agreement with the value required by ETAG 004 (EOTA 2013) for the systems homologation. Among 

the specimens studied, ETICS 7G reached the maximum amount allowed for the systems homologation 

(1.000 kg/m²) at 1 hour of testing, followed by specimen 6G (0.940 kg/m²) and 5G (0.894 kg/m²). 

Nevertheless, lower values were obtained by specimens 1G to 3G, with the lowest observed for ETICS 

2G (0.179 kg/m²), followed by 3G (0.230 kg/m²) and 9G (0.243 kg/m²). Moreover, according to ETAG 

004 (EOTA 2013), the freeze-thaw test shall be conducted for all specimens, for the systems 

homologation, as they presented capillary absorption values at 24h of above 0.5 kg/m2. 

Regarding the capillarity coefficient (Cc), the specimens from 4G to 8G, with analogous results to 

the water absorption by contact sponge method, presented the highest values of Cc. Specimen 5G was 

the one with the highest capillary coefficient (0.234 kg/m².min0.5), with ETICS type 7G next to it (0.162 

kg/m².min0.5), followed by specimen 4G (0.152 kg/m².min0.5), which makes these specimens among 

those that absorbed water more quickly at the beginning of the test. As previously mentioned, the 

change of the thermal insulation material and base coat, such as for ETICS 6G (EPS-based and 

cement-based) in comparison to specimen 5G (ICB-based with NHL and cement base coat), could play 

a meaningful role in the water transport property at a short time, leading to a reduction of around 65% 

on the average Cc value. Nevertheless, different thermal insulation materials used for the inner layers 
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of the systems also probably modifies the average Cc values, with a decrease of 30% of average Cc 

from specimen 6G (EPS) to 8G (MW), both presenting the same base coat and finish. 

However, specimens 1G to 3G have low Cc values, with the specimen 2G obtaining the lowest value 

of these specimens (0.031 kg/m2.min0.5). Specimen 3G had a slightly higher Cc (0.054 kg/m2.min0.5), 

sharing the same composition up to the finishing layer, where specimen 2G has an additional layer of 

acrylic paint. Furthermore, it is concluded that this further acrylic paint used on specimen 3G (the one 

used as a secondary topcoat on specimen 2G) is possibly important in reducing the capillarity 

coefficient, resulting in an average reduction of 41%, in comparison of specimen 1G (Cc equal to 0.092 

kg/m2.min0.5) to specimen 3G. The same tendency was observed in the water absorption by contact 

sponge method, despite being less pronounced (a reduction of 28% of the Wa for these specimens). 

 

Figure 4.3 - Average capillary coefficients obtained of the reference ETICS specimens 

The use of acrylic finish instead of silicate paint contributed to an increase of 17% in the average 

Cc value for specimen 10G in relation to 9G, the latter high the lowest Cc value of 0.023 kg/m2.min0.5. 

Furthermore, the use of cement mortar in the base layer of the EPS-based specimen 11G led to a 

significant increase of 319% in the average Cc value when compared to ICB-based ETICS 10G with 

hydraulic lime mortar. Concerning specimens 11G and 12G (MW-based), with the same constitution of 

both the base and finishing layers, there was an increase of 9% in the average Cc value of specimen 

11G for when compared to specimen 12G, indicating a possible influence of the insulating layer on the 

results of water absorption by capillarity, possibly caused by water penetration in the thermal insulation. 

Assuming that the behaviour of the water absorption by capillary may change during the progress 

of testing, due also to the distinct composition of the specimens and differential water penetration in the 

inner layers, it is important to consider not only the capillary absorption at 1h of testing and capillarity 

coefficient, as well as the absorption after 24h of testing. Figure 4.4 shows the course of the water 

absorption by capillary for all reference ETICS specimens. 

The highest level of capillary absorption occurred in the first hour of testing, followed by a 

stabilization in the absorption of water by capillarity for most solutions (Figure 4.4). While specimens 

6G and 7G start to stabilize after the first 1h of the test, specimens 8G and 4G continue to absorb water, 

reaching a capillary absorption value, at 24h of the test, higher than what was obtained for specimen 

6G (1.437 kg/m²) and 7G (1.388 kg/m²), being the ETICS specimens with the highest absorbed water 
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amounts. Considering the results at 24h of testing, specimen 4G obtained the highest capillary 

absorption value (1.592 kg/m2), followed by specimen 8G (1.517 kg/m2). In fact, specimen 4G has a 

finish coat made by air lime and hydraulic binder, explaining the high quantity of water absorbed at 24 

h of testing, especially when compared to specimen 5G (1.123 kg/m2), which shares the same base 

coat, but has an acrylic finish. Specimen 8G (MW-based ETICS with a cement base and acrylic finish), 

with a considerable thickness of the thermal insulation material about 30% higher than specimen 12G 

(MW-based ETICS with a mixed cement and NHL base and acrylic finish) registered a 33% increase of 

the water intake at 24 h of test, when comparing these two systems. However, the lowest average 

values of capillary absorption were observed for specimen 2G (0.546 kg/m²) - with two layers of acrylic 

paint -, and 3G (0.629 kg/m²) - with one layer of acrylic paint. 

 

Figure 4.4 – Average values of water absorption by capillarity (Reference ETICS). 

4.1.3.2 After application of graffiti (blue and silver) 

Figure 4.5 and, in attachments, Tables A.3 and A.4 show the average values of water absorption 

by capillarity at 3 min, 1h, 2h, 4h, 6h and 24h of test and the capillarity coefficients (Cc), obtained through 

the slope of the regression straight initial lines of the graph presented in Figure 4.6, for each of the 

characterized painted ETICS specimens.  

After the application of the blue and silver spray paint, it was verified a reduction in the average Cc 

values for most of the specimens (three blue painted specimens and three silver painted ones per each 

ETICS type), especially in the specimens that previously presented the highest values amongst the 

reference systems (a reduction of up to 90% for specimen 4G, and about 76% for specimen 6G, when 

comparing the reference type to the silver-painted one); smaller reductions, analogous to the water 

absorption by contact sponge method, of about 89% and 48% were observed for the same blue painted 

specimens, respectively (Figure 4.5).  
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Figure 4.5 - Average capillary coefficients obtained per painted ETICS specimen 

Therefore, as seen in the results of water absorption by contact sponge test, all average Cc values 

are even lower for silver specimens, in comparison to the blue ones, except for specimens 9G and 11G 

(Figure 4.5). In fact, an increase in average Wa values was registered in the specimen 9G for the silver 

ETICS, when compared to the effect of blue paint on ETICS. An unexpected trend was observed also 

in specimen 1G and 2G, when comparing the values of the reference ETICS type to the blue one. As 

an example, specimen 2G had an increase of 39% on the average Cc after the blue painting. 

Through analysis of Table A.3 and Table A.4, regarding the amount of water absorbed at 3 min of 

testing, all specimens, with exception to ETICS type 9G, presented much lower quantities of water 

absorbed for the silver specimens. The same behaviour was verified for all blue ETICS specimens, with 

exception to 1G, 2G and 9G, is compared  to the reference specimens. 

 After 1 hour of testing, the values of capillary absorption continue to be less than 1 kg/m² for all the 

studied solutions, with the highest value in specimen 7G (0.954 kg/m2), followed by specimen 5G (0.825 

kg/m2), in the case of the blue types, whereas specimen 5G has the highest value (0.814 kg/m2) among 

the silver painted ETICS. Results are, however, in agreement with the maximum value required by 

ETAG 004 (EOTA 2013) for the systems homologation. 

By analysing and comparing the water absorption curves (Figure 4.6), the highest level of capillary 

absorption occurs in the first hour of testing, followed by a stabilization in the water absorption for most 

solutions. As observed throughout the following hours of testing, there is a visible flattening of the curve 

for most of the specimens, however, few ETICS (2G, 3G, 4G, 8G, 9G and 10G) keep absorbing high 

quantities of water, reaching 24 h of testing without achieving stabilization. This tendency was similarly  

observed before the application of graffiti, although it was less pronounced. At 24h of testing, reductions 

on the water absorption in the order of 10% were registered, if comparing most of the blue-painted 

specimens to the reference ones, maximum reductions around 20% (blue specimen 9G). Similar 

reductions were observed in most of the silver ETICS with acrylic topcoat, in comparison to the 
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reference systems, although specimens 9G registered again a higher reduction (44%). In fact, the 

potassium silicates in finish coat of this specimen physic-chemically bond (silification) to the inorganic 

mineral matter of the paint, converting into a single compound or with a strong adhesion, improving the 

water repelency properties to the system 9G (Sakka 2016).  

  

Figure 4.6 - Water absorption by capillary of blue (left) and silver (right) painted ETICS.  

This shows that the added spray paint reduced the water absorption by capillary of the specimens 

in the first hour of contact with the water, with a drastic reduction on the water absorption speed and a 

low improvement of the water absorption levels (reduction of the water intake) at 24 h of testing, for 

most of the specimens. Concerning the differences in the water absorption among the two colours, the 

silver spray paint presented lower final results in terms of water penetration by capillarity (reductions of 

the water intake), as seen after the water absorption by contact sponge method as well. 

However, it can be concluded that the water absorption by capillary of the specimens, after being 

painted, is not so predictable due to the different materials in the composition of the studied ETICS, if 

compared to the non-painted specimens. This can be attributed to a stronger influence of the paints 

over the characteristics of the systems and to the differences in the amount of applied paint or physic-

chemical bonding properties of the paints with the specimens’ finishes. 
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4.1.4 Drying 

4.1.4.1 Prior to graffiti application (reference) 

The analysis of the drying process was done through the evaluation of the drying rates (D1 and 

D2), the drying index (Is), and the total mass variation (∆Tm). Table 4.2 shows the average parameters 

(average of three specimens per specimen) for the characterized reference ETICS, with the associated 

standard deviations, while Figure 4.7 presents the drying curves for all specimens without graffiti. The 

drying curve relates the water losses (kg/m²) over time (min0.5). In attachments, Figure A.7 shows the 

drying curves of the reference ETICS (water loss versus time [min]). The slopes of the curve provide 

the drying rates, where it was assumed that the value of D1 comprehends the interval of time [0, 4] 

hours of the drying test, while D2 rate was obtained from the interval [1, 24] hours.  

From the analysis of Table 4.2, specimens 1G to 3G were those with the lowest drying speeds, with 

specimen 1G and 2G (both EPS-based ETICS with cement mortar base coat, with one layer of acrylic 

paint on 1G and an extra layer of copolymeric acrylic paint on specimen 2G) having the minimum 

averages D1. Besides, these specimens presented low capillary coefficients (Figure 4.3). However, 

specimen 7G presented the highest average value of initial drying speed (D1) (0.0974 kg/m2.h), 

followed by specimen 8G, 4G and 12G. Despite specimens 6G and 7G differing only by the acrylic 

topcoat composition (specific additives), without significant differences between their punctual 

roughness (Caiado 2020), an increase of 25% on average D1 from ETICS 6G to 7G was registered. It 

is worth noting that specimen 4G (ICB-based ETICS with NHL-based layer and air lime finish) presented 

the highest average value of Wa after the contact sponge test and the highest capillary absorption value 

at 24 h of testing, followed by specimen 8G (MW-based ETICS with a cement base and acrylic finish).  

Table 4.2 – Average values of the drying process parameters of reference (ref.) ETICS. 

Ref. 
ETICS 

D1 (kg/m².h) 
STD (D1) 
(kg/m².h) 

D2 
(kg/m².h0.5) 

STD (D2) 
(kg/m².h0.5) 

Is 
∆TM 
(%) 

1G 0.0286 0.0006 0.4105 0.0266 1.24 2.79 

2G 0.0288 0.0023 0.3376 0.0223 1.12 1.67 

3G 0.0551 0.0017 0.7209 0.0128 0.62 0.81 

4G 0.0874 0.0050 1.8559 0.0386 2.12 0.84 

5G 0.0784 0.0007 1.2459 0.0370 1.70 0.26 

6G 0.0779 0.0018 1.5686 0.0522 1.67 0.47 

7G 0.0974 0.0012 1.9785 0.0317 0.91 0.23 

8G 0.0885 0.0024 1.3706 0.0272 2.27 0.86 

9G 0.0740 0.0056 1.1253 0.0559 1.32 0.56 

10G 0.0661 0.0034 0.7036 0.0215 2.50 0.77 

11G 0.0690 0.0043 0.5356 0.0812 1.29 1.78 

12G 0.0837 0.0053 0.8297 0.0846 1.64 0.75 
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Considering the difference of the finish coating of specimen 5G (acrylic copolymeric), when 

compared to specimen 4G, a reduction of 10% on the average value D1 was observed. 

Notwithstanding, an interesting behaviour was observed on ETICS 7G and 8G. Similar reduction of 

about 10% on the initial drying rate was registered from specimens 7G to 8G, possibly due to the use 

of a different acrylic topcoat composition (mineral fillers, pigments, and specific additives) or thermal 

insulation material (EPS in specimen 7G and MW in 8G), since both specimen  have the same cement-

based coats and acrylic primers. 

Regarding the ETICS solutions 9G to 12G, all average D1 values are higher than those obtained in 

the first ETICS specimens (1G to 3G), but lower than those registered for ETICS 4G to 8G, with 

exception to specimen 12G, which has MW as the thermal insulation material. An analogous trend was 

observed in the results of capillarity water absorption test, corroborating the water behaviour of the 

studied ETICS solutions. Amongst them, a considerable increase of D1 of 18% was registered from 

specimen 11G (EPS-based) to 12G (MW-based), differing only in the thermal insulation material. 

Concerning the average values of D2, on one hand specimens 1G to 3G were those with the lowest 

ones, with specimen 2G obtaining the lowest average value of D2 (0.3376 kg/m2.h0.5). Besides, 

specimen 11G (EPS-based ETICS with cement and NHL for the base coat, finishing with a acrylic paint) 

also registered a low average D2 (Figure 4.7).  

 

Figure 4.7 - Drying curves for the reference ETICS 

On the other hand, specimens 4G to 8G had the highest average drying rates D2 of all ETICS types, 

including specimen 9G (ICB-based ETICS with silicate paint). Besides, specimen 7G with the highest 

transport of liquid water to the specimen surface in the shortest period (D1), presented the highest 

average water vapour diffusion in the shortest period (D2) as well, followed by specimen 4G. A reduction 

of 31% on average value of D2 was registered from specimen 7G to 8G, which can be attributed to the 

EPS thermal insulation included in this system (7G) when compared to the MW in ETICS 8G. With the 

probable alteration of the finish coating of specimen 5G (acrylic copolymeric), in comparison to 
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specimen 4G, which differs only by the finishing (air lime and hydraulic binder), a reduction of 49% on 

the average value D2 was obtained from specimen 4G to 5G. Furthermore, the probable use of the 

cement-based coat and EPS on specimen 6G instead of NHL-based coat and ICB thermal insulation 

on specimen 5G led to an increase of the average D2 values of about 20%, from specimen 5G to 6G. 

A 36% growth of D2 average value was registered from specimens 11G to 12G. Interestingly, these 

specimens are composed of the same materials, with exception to the thermal insulation (EPS in 11G 

and MW in 12G), which proves again a meaningful role of all constituents of ETICS systems, from the 

bottom to the topcoats, related to water transport properties. 

It should also be noted that the total mass variation (∆Tm) of the specimens at the end of the drying 

test in relation to the dry mass (before capillary water absorption test) was between 0.23% (7G) and 

2.79% (1G) (Table 4.2). In fact, specimens still retain low amounts of water after 7 days of drying test, 

despite a mass variation, for most of the specimens, of less than 1% between consecutive weightings, 

already from the second to the third day of the drying process.  

Concerning the drying index (Is) average values, the first three specimens had lower values when 

compared to the other ETICS types, with the lowest Is value of 0.62 for specimen 3G, followed by 

specimen 7G (Is =0.91), and 2G (Is =1.12). From this reason, it is concluded that these specimens have 

the highest drying capacity (small Is). On the other side, through the analysis of the IS results presented 

in Table 4.2, it is verified that the ETICS specimens with the highest resistance to dry (high Is) are ETICS 

type 10G (Is =2.50), followed by 8G (Is =2.27), and 4G (Is =2.12). In fact, the highest average values of 

Is were observed for the systems with MW and ICB, as well as for the specimens with these materials 

with higher total thickness (specimens 4G to 8G). 

4.1.4.2 After application of graffiti (blue and silver) 

As expected, after the application of the aerosol-paints, which act as a hydrophobic agent, 

significant reductions on the initial drying rate D1 were observed, with also increases in the average 

values of D2, drying indexes and total mass variations. Graffiti aerosol induced higher variations in the 

specimens which previously registered higher water absorptions or resistance to dry, namely 

specimens 4G to 8G (Figure 4.8). In attachments, Figures A.8 and A.9 show the drying curves (water 

loss versus time [min]) of the blue and silver ETICS, respectively. 

Regarding the initial drying rates, specimen 7G, for instance, which had the highest average D1 

value for the reference ETICS type, reduced by about 168% with the blue paint and 199% with the silver 

paint (Table 4.3 and Table 4.4). The maximum value of D1 was achieved by the blue-painted ETICS 

specimen 12G (0.0474 kg/m2.h), with a value of 0.0525 kg/m2.min for the silver paint. However, the 

maximum D1 value, in the case of the silver paint, was registered for specimen 4G (0.0555 kg/m2.h) 

followed by system 8G. These specimens (4G and 8G), with thicknesses considerably above 60 mm, 

where 4G is an ICB-based ETICS with NHL-based coat and air lime finish, and 8G is a MW-based 

ETICS, as system 12G, but with a cement base and acrylic finish, presented the highest capillary 
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absorptions at 24 h of testing. It is worth noting that specimen 4G presented the highest average value 

of Wa after the contact sponge test.  

Table 4.3 – Average values of the drying process parameters of Blue ETICS. 

Blue 
ETICS 

D1 (kg/m².h) 
STD (D1) 
(kg/m².h) 

D2 
(kg/m².h0.5) 

STD (D2) 
(kg/m².h0.5) 

Is 
∆TM 
(%) 

1G 0.0281 0.0035 0.4658 0.0681 1.31 2.85 

2G 0.0201 0.0015 0.2322 0.0108 1.79 2.85 

3G 0.0278 0.0048 0.3740 0.0339 1.06 1.38 

4G 0.0286 0.0044 0.6317 0.0930 6.05 2.50 

5G 0.0335 0.0001 0.5368 0.0182 5.36 1.00 

6G 0.0265 0.0040 0.4263 0.0605 4.18 6.80 

7G 0.0363 0.0005 0.7033 0.0533 3.26 2.72 

8G 0.0391 0.0047 0.7594 0.1068 5.14 1.21 

9G 0.0309 0.0030 0.6247 0.0371 2.47 0.73 

10G 0.0285 0.0063 0.4117 0.0791 3.85 1.48 

11G 0.0360 0.0089 0.3719 0.0582 1.74 3.53 

12G 0.0474 0.0016 0.6458 0.0631 2.34 0.90 

Table 4.4 – Average values of the drying process parameters of Silver ETICS. 

Silver 
ETICS 

D1 (kg/m².h) 
STD (D1) 
(kg/m².h) 

D2 (kg/m².h0.5) 
STD (D2) 

(kg/m².h0.5) 
Is 

∆TM 
(%) 

1G 0.0243 0.0013 0.3762 0.0752 1.54 3.96 

2G 0.0213 0.0013 0.1794 0.0084 1.70 3.70 

3G 0.0208 0.0031 0.2699 0.0707 1.51 2.11 

4G 0.0555 0.0070 1.1634 0.1346 2.77 0.92 

5G 0.0332 0.0019 0.4511 0.0348 5.15 2.80 

6G 0.0258 0.0002 0.3439 0.0138 4.35 7.51 

7G 0.0326 0.0061 0.4792 0.1111 3.56 4.19 

8G 0.0544 0.0046 1.0661 0.1065 3.40 0.93 

9G 0.0340 0.0025 0.4863 0.0827 1.86 0.49 

10G 0.0237 0.0010 0.3030 0.0210 4.37 1.55 

11G 0.0289 0.0152 0.3174 0.1383 1.72 3.31 

12G 0.0525 0.0011 0.6860 0.0279 2.03 0.72 

An analogous behaviour was observed for the second phase drying speed (D2), with decreases for 

most of the studied specimens, with a drastic reduction of 181% for ETICS 7G, from the reference to 

the blue type, and about 313% for the silver-painted type. In fact, the silver paint registered lower values 

of D2 in comparison to most of the blue painted systems. The maximum average value of D2 was also 

achieved by specimen 8G (0.7594 kg/m2.h0.5), for the blue paint. Amongst the systems with the silver 

paint, ETICS 4G registered a maximum average value of D2 of 1.1634 kg/m².h0.5, about 46% more than 
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the value obtained for the blue paint. However, most of the painted systems show similar trends of 

strong reductions from the reference ETICS. 

Due to the higher difficulty of the painted ETICS specimens to dry, in comparison to the reference 

ETICS, it was reasonable to obtain higher average values of the total mass variations (∆Tm) of the 

specimens at the end of the drying test in relation to the dry mass (before capillary water absorption 

test). Average values of ∆Tm ranged from 0.73% (9G) to 6.80% (6G) for the blue ETICS solutions, while 

the silver specimens varied between 0.49% (9G) and 7.51% (6G) (Table 4.3 and Table 4.4), retaining 

higher amounts of water at the end of the drying test. Nevertheless, a mass variation between 

consecutive weightings of less than 1% was achieved for most of the specimens, already from the 

second to the third day of the drying process.  

Regarding the drying index (Is) average values through the analysis of the IS results presented in 

Table 4.3 and Table 4.4, the first three specimens continued to present the lowest values when 

comparing to the other ETICS types, with the lowest Is value for specimen 3G of 1.06 (with blue paint) 

and of 1.51 with silver paint. However, it was verified that the specimens with the higher resistance to 

dry are ETICS 4G to 8G, with the maximum registered for specimen 4G (Is =6.05), in the case of the 

blue paint, and ETICS type 5G (Is =5.15), among the silver painted specimens. Compared to the 

reference unpainted ETICS, general increases of the drying resistance are registered after the graffiti, 

which corroborates the results of the previously discussed parameters.  

  

Figure 4.8 - Drying curves of painted ETICS: (a) blue, and (b) silver. 

It can be concluded that the specimens, which absorbed a considerable amount of water during the 

performed water tests, tend to lose more water as well, as observed during the drying test. However, 

thick systems as well as ETICS with ICB or MW as thermal insulation have slower drying process, with 

high drying indexes. Additionally, the graffiti strongly influence the properties of these latter specimens, 

with the silver paint showing lower water losses in comparison to the blue paint, and, conversely, helping 

to reduce the water absorption levels through the capillarity test. This behaviour is attributed to the 

increase in the water repellence of the surface due to the aerosol-paints.  
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4.1.5 Low-pressure water permeability with Karsten tubes 

4.1.5.1 Prior to graffiti application (reference) 

In the evaluation of the amount of water absorbed under low-pressure with Karsten tubes, the 

statistical parameters considered were the mean and the standard deviation (three specimens for each 

reference ETICS specimens). Table A.5 shows the average values and standard deviations of the 

volume of water absorbed (Ka) at 60 and 120 minutes of testing. Figure 4.9 shows the average values 

of the Karsten absorption coefficient (Kc) at 60 min and 120 min of testing. 

 

Figure 4.9 - Average values of the water absorption coefficient (Kc) at 60 min and 120 min (Reference ETICS). 

Similar results were obtained when analysing the results at 120 min of testing, where the lowest 

average values of Ka were observed for specimens 9G to 12G, along with specimen 2G. Interestingly, 

specimens 11G registered the same amount of water intake as specimen 2G (0.10 cm³). Nevertheless, 

specimen 7G had the highest average Ka value (2.53 cm³), followed by 4G (2.10 cm³) and 6G (1.17 

cm³), with increases in the order of 177%, 175% and 186%, respectively, in comparison to the Ka values 

at 60 min. 

Concerning the average values of Kc, ETICS type 11G had the lowest Kc at 60 min (0.0 

kg/m².min0.5), followed by specimen 2G (0.02 kg/m².min0.5), and 10G (0.03 kg/m².min0.5). In fact, 

specimens 11G and 2G are EPS-based ETICS with total thickness of the systems below 45 mm. 

Interestingly, specimen 9G, which previously presented the third highest amount of water absorption 

through contact sponge method, registered a satisfactory low Kc value. This shows that silicate paint  

has possibly a better performance under absorption of low-pressure water in relation to the water 

absorption by contact sponge. Regarding the highest Kc values, specimen 7G has the highest value 

(0.32 kg/m².min0.5), followed by 4G (0.27 kg/m².min0.5). Comparing the behaviour at 60 min and 120 min 

of testing, it is concluded that ETICS from 4G to 8G keep absorbing water, with increases on the Kc of 
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around 21% for specimens 4G and 7G, while the other types of ETICS showed similar average values 

of Kc at 60 and 120 min of testing, as showed in Figure 4.9. 

It is important to mention that specimens 6G and 7G had previously the highest capillary 

coefficients, with ETICS 4G absorbing more water than all the specimens at 24 h of testing. In 

agreement with these results, specimens 4G and 7G also registered the highest content of water during 

contact sponge method. This may result from the higher thicknesses of these specimens, in comparison 

to the others, or the distinct air lime finish coating of specimen 4G, or even the weak, in terms of water 

liquid permeability, cement-based coat or copolymeric primer used on specimen 7G. The considerable 

reduction on the Ka of specimen 6G, in comparison to ETICS 7G could be associated to differences in 

the composition of these specimen topcoat (mineral additives or pigments), as the punctual measured 

roughness are similar on both (Caiado 2020). 

4.1.5.2 After application of graffiti (blue and silver) 

After the application of paint, a strong reduction of the water absorption was verified, especially for 

the reference ETICS specimens, which had previously absorbed a high amount of water. In fact, 

average Kc at 60 min reduction by around 92% were observed for specimens 4G and 7G, varying from 

0.27 kg/m².min0.5 to 0.02 kg/m².min0.5, and 0.32 kg/m².min0.5 to 0.03 kg/m².min0.5, respectively, when 

compared to the silver types (Figure 4.10). For some ETICS specimens (1G, 2G, 6G) the application of 

graffiti spray paint proved to create an almost completely waterproof finish layer against low-pressure 

water penetration (up to even until 120 min of testing), with exception to specimen 1G which, between 

the 60 and 120 min of testing, which was able to absorb 0.03 cm³, in average (Table A.6). 

 

Figure 4.10 - Average values of the Karten test coefficient (Kc) at 60 min of testing for all ETICS specimens. 

From the comparison of the average Kc coefficients at 60 min of testing, among the graffiti ETICS, 

as shown in Figure 4.10, a similar behaviour in terms of reduction of the water absorption was observed 

in both paints, although the results show high average standard deviations between the specimens. For 

instance, blue ETICS specimens 9G and 10G were effectively hinder the passage of low-pressure 

water, while the silver ones absorbed low amounts (0.03 cm³ and 0.07 cm³, respectively). Conversely, 

only the silver paint solution impeded the water penetration in specimen 8G. 
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In fact, the test of water absorption under low-pressure with Karsten tubes can result in considerable 

STD in some cases, especially when evaluating fragile and small specimens such as those present in 

this study. It has to be mentioned that the utilization of reusable mastic, which leave permanent residues 

over the studied specimens, has some advantages over silicon. However, it requires the application of 

pressure to grasp the glass tubes to the specimens, which may cause small cracks or even water 

leakage when not enough pressure is applied. Imperfections and differences in the spray painting from 

specimen to specimen may also increase the STD values. 

4.1.6 Water tests correlations 

The following sub-chapter presents some correlations between the average results of the performed 

water tests and relative conclusions, based on the correlation measure (linear coefficient of 

determination R²) between two water transport properties. 

4.1.6.1 Prior to graffiti application (reference) 

Between the water absorption by contact sponge method and the low-pressure water absorption by 

Karsten tubes, as showed in Figure A.1a) in attachments, a low coefficient of determination (R
2
=0.46) 

was obtained, without correlation. However, by removing the average result of specimen 4G (one of the 

highest values observed in both tests), R² increased to 0.55, as Figure 4.11a) shows.  

Finally, it seems that the results of the drying test are not that consistent with those obtained in the 

capillarity water absorption test, as generally the materials that absorb more water are those that also 

dry faster, what is more complicated to happen in multilayers systems such as ETICS, obtaining a low 

relation between the capillarity coefficient (Cc) and the drying rate (D1), with a coefficient of 

determination R
2
=0.26, as Figure A.1b) shows. By removing the average result of specimen 5G (with 

the highest Cc value observed) from the relation among the capillarity coefficient (Cc) and drying rate 

(D2), R² increased from 0.28 to 0.39 (Fig. 4.11b). In attachment, Figure A.2 shows the former case with 

R
2
=0.28 (taking into consideration all specimens). 

  

Figure 4.11 - Correlations of reference ETICS specimens obtained between: (a) the water absorption by contact 
sponge (Wa) and water absorption by Karsten tubes (Kc) without ETICS 4G; (b) the capillarity coefficient (Cc) and 

drying rate (D2) without ETICS 5G. 
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4.1.6.2 After application of graffiti (blue and silver) 

After the application of graffiti, most of the relations among the tests were even reduced for both 

paints. This can be attributed to the differences on the amount of applied paint between the specimens. 

No linear relation (R
2
=0.11) was obtained between the capillarity coefficient (Cc) and the drying rate 

(D1) of the blue ETICS in comparison to the reference paint, however by removing the system 5G (with 

the highest Cc value) R² slightly increased to 0.20 (Fig. A.3a). No correlations were registered between 

the Cc and drying rates (D1 and D2) for the silver painted systems. The same applied for the results of 

Drying index (IS) as a function of the capillarity coefficient (Cc), with a low R² value even after removing 

the specimen 5G (R
2
=0.16). Also, no correlation was observed between the Cc and the Kc values 

(R
2
=0.18) (Fig. A.3b). 

4.2 Graffiti cleaning efficiency 

In this subchapter, the results of the graffiti cleaning process are presented. As previously 

mentioned in details in Chapter 3.3.2, the cleaning process was divided into 3 phases, hereinafter 

defined as steps 1, 2, and 3. Step 1 consists in brushing under the hot water after AS graffiti remover 

application. Step 2 is basically the repetition of the previous step 1. Step 3 includes brushing under the 

hot water after AS-Shadow graffiti stains remover application. It is important to mention that the 

reference ETICS specimens only went through the step 1, as in real cases normally the areas with 

graffiti are strongly cleaned (here assuming the performance of all the three steps of the cleaning 

methodology) while the areas nearby receive fewer quantities of chemical products. 

From a visual analysis of the reference ETICS topcoats, after the cleaning (step 1), the specimens 

presented slight signs of wearing, as shown in Figure 4.12 and Figure 4.13. After the cleaning process, 

the ETICS 1G specimen presented a harsher surface, with partial exposure of the grains which 

compose the sanded film of the finish coating. In fact, Caiado (2020) observed reductions in the surface 

roughness of specimens 1G and 9G (with low roughness) after the cleaning step with a chemical 

remover and brushing. Analogous results were observed for the other ETICS specimens, where the 

surface roughness seemed to decrease with the partial exposure of the grains of sand present in the 

base coats. This may be a consequence of the nylon brushing after a weakening of the topcoat 

promoted by the chemical product applied. 

 

Figure 4.12 - Visual inspection before cleaning of ETICS 1G3, 2G1, 8G3, and 9G1 (from left to right) (images 50 
x 50 mm). 
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Figure 4.13 - Visual inspection after step 1 of ETICS 1G3, 2G1, 8G3, and 9G1 (from left to right) (images 50 x 50 
mm). 

Regarding the blue graffiti, after the first step (step 1) of the graffiti removal technique, the ETICS 

specimens showed slight signs of graffiti removal, despite specimens 1G (acrylic topcoat), 2G 

(copolymeric acrylic and 100% acrylic paints), and 9G (silicate paint) which already presented clear 

signs of paint removal. Better results were achieved after a re-application of AS and brushing under hot 

water (step 2), however acceptable cleaning results were still only visible for specimens 1G, 2G, and 

9G, in comparison to the other ETICS. In fact, Caiado (2020) mentioned acceptable results for 

specimens 4G and 9G, after the chemical removal step with acid pH graffiti remover and brushing. After 

the last step, the AS-shadow helped to reduce the visible signs of blued graffiti left. Besides of partially 

eliminating the stains left by the paint removal, it also changed the paint colour from blue to light blue. 

The best graffiti cleaning results found on specimen 9G may be associated to the low surface 

roughness, as observed by Caiado (2020). Regarding ETICS specimens 1G and 2G, the best outcomes 

may also be connected to the low surface roughness and adopted acrylic paint which left a flat finish, 

also observed in specimen 9G, in comparison to the other ETICS types. Figures 4.14, 4.15, and 4.16 

show the cleaning results step-by-step for the specimens 1G6, 2G5, and 9G5, respectively, from the 

left to right: (a) before the cleaning process, (b) after steps 1, 2 (c), 3 (d), and without graffiti (e).  

 
              a)                              b)                             c)                             d)                              e)     

Figure 4.14 – Visual inspection of the cleaning results step-by-step for specimen 1G6 (images 50 x 50 mm). 

 
               a)                              b)                             c)                             d)                              e)     

Figure 4.15  – Visual inspection of the cleaning results step-by-step for specimen 2G5  (images 50 x 50 mm). 
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                a)                               b)                            c)                              d)                               e)     

Figure 4.16  – Visual inspection of the cleaning results step-by-step for specimen 9G5  (images 50 x 50 mm). 

All blue ETICS specimens with exception to 1G, 2G, and 9G, presented unsatisfactory graffiti 

cleaning results. A typical outcome (specimen 8G) observed in most of the blue ETICS specimens, after 

the graffiti cleaning methodology, is shown in Figure 4.17 shows. The results found for these cases at 

the end of the graffiti cleaning process (after step 3) are equivalent to what was observed on specimens 

1G, 2G, and 9G, after the first step 1 was carried out. Nevertheless, signs of abrasion of the specimens’ 

topcoats were visible at the end of the cleaning methodology, as verified also by Caiado (2020), with 

partial removal of the topcoats, visible through the appearance of the grains of sand present in the base-

coats. Furthermore, the same author had difficulties in removing graffiti from the ETICS specimens after 

the whole cleaning methodology with added high-pressure hot water jet. The effectiveness of 

cleanliness in the study was measured through software image analysis (Caiado 2020); however, only 

visual analysis was considered for this study, with the aim of evaluating the effectiveness of the 

methodology. 

 
               a)                               b)                            c)                             d)                            e)     

Figure 4.17 – Visual inspection of the cleaning results step-by-step for specimen 8G6 (images 50 x 50 mm). 

From an overall analysis of the silver paint graffiti removal, the silver ETICS specimens presented 

much better results than the blue ETICS, with significant paint removal, although ETICS 4G had signs 

of yellowing (Fig. 4.18 d), which may be associated to a possible reaction of the chemical products with 

some of the components of its finish coat (air lime, hydraulic binder, mineral filler, pigments and specific 

additives) due to its considerable susceptibility to absorb more liquids, corroborated after the previous 

water absorption tests. Figures 4.18, 4.19 and 4.20 show the cleaning results step-by-step for the 

specimens 4G9, 5G9, and 9G8, respectively, from the left to right: (a) before the cleaning process, (b) 

after steps 1, 2 (c), 3 (d), and without graffiti (e).  
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              a)                               b)                            c)                              d)                             e)     

Figure 4.18 – Visual inspection of the cleaning results step-by-step for specimen 4G9  (images 50 x 50 mm). 

 
                a)                               b)                           c)                           d)                              e)     

Figure 4.19 – Visual inspection of the cleaning results step-by-step for specimen 5G9  (images 50 x 50 mm). 

 
                 a)                              b)                          c)                             d)                               e)     

Figure 4.20 – Visual inspection of the cleaning results step-by-step for specimen 9G8 (images 50 x 50 mm). 

After the graffiti cleaning process, it was observed that most of the EPS-based specimens (1G, 2G, 

3G, 6G, 7G, 11G) were severely damaged (Figure 4.21). More examples of the damaged specimens  

are presented in attachments (Figure A.10). The EPS was severely degraded by the chemical products, 

with erosion, contraction and collapse of the expanded polystyrene structure. Caiado (2020) observed 

similar results, although this author used an acid pH chemical remover in the cleaning methodology. 

The physico-chemical degradation process was not instantaneous, being only visible several hours 

after graffiti cleaning process. On the other hand, all the other ETICS specimens without EPS presented 

no signs of damage, which pointed out a chemical incompatibility among the adopted products AS and 

AS-Shadow and EPS.  

 

Figure 4.21 - Damage caused by graffiti removal chemical products for some EPS-based ETICS specimens 
(1G5, 2G6, 7G6, and 11G5). 
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Comparing the damaged EPS-based specimens, It can be observed a lower level degradation is 

lower for ETICS specimens 6G and 7G. Considering that the chemical attack required direct contact of 

the chemical to the EPS, and both specimens are around 25 mm thicker than the others, it is reasonable 

to that those specimens present less damage. It was observed that the chemical degradation started 

always from the top of the specimens, leading to higher signs of deterioration next to the base coat with 

often nearly total material loss. The contact of the chemicals with the EPS was probably higher after 

the first step of the graffiti cleaning process, where the nylon brushing may have increased the surface’s 

water absorption or loosen the metallic tape allowing the direct contact with the chemicals. 

It can be concluded that that ETICS with built-in EPS as thermal insulation material requires special 

attention when cleaning graffiti with harsh chemicals, specially when fissures are present. In fact, 

chemicals may easily penetrate within the microcracks of the ETICS, damaging the EPS. It is 

recommended that the joints between the EPS boards must be sealed, prior to the application of the 

chemical remover. However, alternative removal procedures should be explored when dealing with 

ETICS with built-in EPS.  

4.3 Water properties after graffiti cleaning 

The following results were obtained through a repetition of the water absorption tests after the graffiti 

cleaning procedures. It is worth to refer again that only step 1 of the cleaning methodology was carried 

out for the reference specimens, whereas the whole process of graffiti removal (steps 1, 2, and 3) was 

applied to the painted specimens. 

4.3.1 Water absorption by contact sponge 

4.3.1.1 After chemical cleaning (reference) 

The average values and standard deviation for water absorption (Wa) of each type of ETICS, after 

graffiti application, are presented in Table A.7. According to the results presented in Table A.7 and 

Figure 4.22, which show average values and standard deviation for water absorption (Wa) of each type 

of ETICS, specimen 4G still presented the biggest average Wa value (1.2291 g/m².s) with a 

considerable standard deviation (0.32 g/m².s), followed by specimen 9G (0.0971 g/m².s) and 2G 

(0.0947 g/m².s). After the graffiti cleaning, specimens 1G, 2G and 3G presented the highest average 

values of Wa among all specimens, with exception to specimens 4G and 9G. The smallest Wa values 

were observed amongst specimens 10G to 12G, including specimen 5G.  However, when comparing 

these results to those before the graffiti cleaning procedures, the reference ETICS generally presented 

an unexpected reduction of the average Wa values, with a minimum of 0.0487 g/m².s (10G), followed 

by specimen 5G (0.0489 g/m².s), reductions of 48% and 52%, respectively. Similar reductions were 

seen for most of the ETICS solutions, although the opposite registered for specimens 2G and 4G, where 

increases of about 12% and 5%, respectively, were observed after the graffiti cleaning. In fact, 

considerable standard deviations were registered for these specimens (2G and 4G), thus, a trend  

similar to to the other specimens was possibly observed.  



 

60 

 

 

  

Figure 4.22 - Average Wa and standard deviation obtained per each reference ETICS type (after cleaning): a) 
Reference ETICS Systems; b) Reference ETICS Systems - Without 4G and 7G.    

4.3.1.2 After graffiti chemical cleaning (blue and silver) 

After the cleaning methodology, it was observed that the reference ETICS had water absorption 

levels higher similar to those obtained for the graffiti specimens. Conversely, blue and silver painted 

ETICS frequently showed average Wa values higher than those of the reference ETICS. A reasonable 

explanation for this behaviour can be identified in the application of only  step 1 in the reference 

specimens (first application of AS graffiti removal and nylon brushing under the hot water), instead of 

the three steps of the graffiti cleaning process carried out on the spray-painted specimens. After the 

graffiti removal of the blue and silver spray painted ETICS, the average values of Wa had generally 

risen, as shown in Figure 4.23, with exclusion of specimens 4G and 9G (all results are shown in Figure 

A.5). These latter systems registered much higher Wa values in comparison to the other specimens. 

Prior to graffiti removal, the Wa values ranged from about 0.04 to 0.08 g/m².s, whereas after the cleaning 

procedures Wa values of about 0.06 to 0.010 g/m².s were frequently obtained (Table A.7), with 

increases ranging from 0 to 150%. 

Furthermore, most of the silver ETICS presented slightly lower average Wa values in comparison 

to the blue ETICS, with exception to specimens 2G, 5G, and 10G (Figure 4.25). According to the graffiti 

cleaning results, the blue paint was harder to remove than the silver paint.  

   

Figure 4.23  Average Wa and standard deviation obtained per each painted ETICS type after chemical cleaning: 
a) Blue ETICS Systems - Without 4G and 9G; b) Silver ETICS Systems - Without 4G and 9G. 
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On one hand, the highest value obtained after chemical cleaning of the ETICS with blue graffiti is 

still attributed to specimens 4G to 8G, corresponding to specimen 4G (1.0275 g/m².s), followed by 

specimen 9G (0.3909 g/m².s). Same applies to the silver ETICS, where specimen 4G had an average 

Wa value of 0.9787 g/m².s, followed by 9G (0.2683 g/m².s). On the other hand, the lowest Wa values 

after chemical cleaning were obtained for specimens 11G (0.0658 g/m².s) and 6G (0.0760 g/m².s), in 

the case of blue graffiti, whilst 12G (0.0597 g/m².s) and 11G (0.0652 g/m².s) reached the minimum Wa 

values in the case of silver graffiti.  

When comparing these results to the cleaning effectiveness, it was observed that better graffiti 

removal results may be related to a higher growth of the average Wa values, which, in its turn, can be 

associated to a lower surface roughness (Caiado 2020). These specimens (1G, 2G, and 9G) revealed 

the best cleaning results, as well as, specimens 4G, 7G, and 9G, along with 1G, 2G and 9G, presented 

by visual analysis a flatter surface in comparison to the others. 

4.3.2 Water absorption by capillary 

4.3.2.1 After chemical cleaning (reference) 

Figure 4.24, and Table A.8, in attachments, show the average values of water absorption by 

capillarity at 3 min, 1h, 2h, 4h, 6h and 24h of test and the capillarity coefficients (Cc), obtained through 

the slope of the initial lines of the graph of Figure 4.25, for each of the characterized reference ETICS 

specimens after chemical cleaning.  

Through the analysis of Table A.8, the values of capillary absorption after 1 hour of testing are less 

than 1 kg/m² only for specimens 1G, 2G, 3G, 7G, and 11G. Therefore, these ETICS still satisfy the 

value required by ETAG 004 (EOTA 2013) for the systems homologation. Nevertheless, the highest 

value of water absorption by capillarity at 1h of testing occurred for the specimen 4G (2.635 kg/m2), 

followed by the specimen 8G (2.019 kg/m2).  

 

Figure 4.24 - Average capillary coefficients obtained per reference ETICS specimen 
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After the chemical cleaning process, a variable behaviour was visible as some reference specimens 

(4G, 5G, 6G, 8G, 9G, 10G, and 12G) presented much higher values of Cc than before the cleaning 

processes, with increases up to 670% (9G), whereas some others had lower values of Cc (Figure 4.24). 

These specimens were the ones with the highest capillary coefficients of 0.516 kg/m2.min0.5 (5G), and 

0.454 kg/m2.min0.5 (4G), which makes these systems among those that absorb water more quickly at 

the beginning of the test. 

However, specimens 1G to 3G interestingly presented values of Cc close to those obtained before 

cleaning, with a similar one in the case of specimens 2G, which had the lowest Cc value (0.023 

kg/m2.min0.5). This could be attributed to the severe damage caused by the AS chemical to the EPS-

based ETICS systems. In fact, specimens 1G, 2G, 3G and 11G (with EPS thermal insulation material) 

presented reductions on the Cc value even after the cleaning (step 1), when compared values 

specimens obtained before the chemical cleaning. It could be inferred that the EPS barely influences 

the water absorption by capillarity on these systems, with most of the water intake occurring probably 

in the basecoat.  

Analysing the behaviour of all the reference specimens throughout the capillarity test, the 

stabilization of the quantity of water absorbed still starts to occur only after the first 1 hour of testing, 

although a considerable general increase of the amount of water absorbed by capillarity was visible 

(Figure 4.25b). Values of water absorption up to 3.149 kg/m2 was observed at 24 hours of testing for 

specimen 8G, followed by specimen 4G (3.145 kg/m2), corresponding therefore to increases of 108% 

and 98%, respectively, in comparison to the results before chemical cleaning (Figure 4.25a).  

 

Figure 4.25 - Water absorption by capillarity of Reference ETICS: (a) Before cleaning; (b) After cleaning. 

By comparing the results of water absorption by capillarity before and after the cleaning process, it 

is concluded that the ETICS specimens, which previously obtained the highest absorption levels, 

experienced drastic growths on the water absorption after cleaning. Additionally, slight alterations were 

registered for the systems which previously absorbed the least amounts of water.  
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4.3.2.2 After graffiti chemical cleaning (blue and silver) 

Tables A.9 and A.10, in attachments, show the average values of water absorption by capillarity at 

3 min, 1h, 2h, 4h, 6h and 24h of test. The capillarity coefficients (Cc), for each of the characterized 

painted ETICS specimens, after graffiti cleaning, were obtained through the slope of the initial lines of 

the graph of Figure 4.27. In attachments, Figure A.13 shows the average values of Cc of the blue  and 

silver ETICS, compared to the results obtained before the graffiti cleaning. Figure 4.26a) shows the 

results of the blue ETICS, whereas Figure 4.26b) shows the silver ones, without specimens 8G and 

12G as these specimens (MW-based) registered significantly higher Cc values and deviations. 

 

Figure 4.26 - Average capillary coefficients (Cc) obtained per painted ETICS specimen (after graffiti cleaning): (a) 
blue ETICS; and (b) silver ETICS. 

Through the analysis of Table A.9 and Table A.10, the values of capillary absorption after 1 hour of 

testing are less than 1 kg/m² only in the case of specimens 1G, 3G, and 11G, satisfying the value 

required by ETAG 004 (EOTA 2013) for only these systems homologation. Nevertheless, the highest 

value of water absorption by capillarity at 1h of testing occurred for specimen 8G, with 6.519 kg/m2 of 

water absorption in the case of the blue paint, and 6.291 kg/m2 registered for the silver paint.  

After the three graffiti cleaning steps in the blue and silver painted ETICS, most of the specimens 

presented higher average values of Cc when comparing to the reference ETICS, after the chemical 

cleaning, as shown in Figure A.6. From this, it can be inferred that the repetition of the first cleaning 

step and the application of AS-Shadow and nylon brushing under the hot water (step 3) increased the 

water permeability of the specimens. When comparing the ETICS with blue paint (Fig. 4.26a) with 

ETICS with silver paint (Fig. 4.26b), after the chemical cleaning, the behaviour is variable from specimen 

to specimen. For instance, specimens 5G and 9G had decreased their average values of Cc by around 

24% and 224%, respectively, when comparing the blue specimens to the silver ones. However, for 

specimens 3G and 4G, increases of about 136% and 19% on the Cc values were observed through the 

same comparison. This initial behaviour could be associated with the better graffiti cleaning results of 

the silver ETICS that increased the water permeability of these specimens, in accordance with the 

results of the water absorption by contact sponge method for the silver solutions.  
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Figure 4.27 - Water absorption by capillarity of painted ETICS (after graffiti cleaning): (a) blue; and (b) silver. 

On the one hand, the specimens with the biggest water intakes were the those with higher total 

thicknesses, which present MW and ICB as thermal insulation, as those materials tend to absorb higher 

quantities of water after longer periods. Amongst them, for the case of the blue-painted ETICS, the MW-

based specimens presented the highest amount of water absorption at 24 of testing, with 8.178 kg/m2 

for specimen 8G, followed by 12G (7.207 kg/m2). The silver ETICS follow a similar ranking, with 

specimen 8G absorbing 7.622 kg/m2, followed by 5G (5.169 kg/m2). From an analysis of Table A.9 and 

A.10, specimen 12G (silver) barely increased its water intake after the graffiti cleaning (about 152%), in 

comparison to the blue type, where the amount of water absorption drastically increased by 659%. On 

the other hand, the lowest values of water absorption through capillarity were observed for the EPS-

based specimens, in comparison to the other ETICS solutions (Figure 4.27). These specimens were 

severely damaged internally with even disappearance of the insulation material for some cases, which 

limited the water absorption by the saturation of the base and finish coatings. 

4.3.3 Drying 

4.3.3.1 After chemical cleaning (reference) 

From the analysis of Table 4.5, which shows the parameters for the characterized reference ETICS 

after chemical cleaning, the system 5G presented the highest average value of initial drying speed (D1) 

(0.1730 kg/m2.h), followed by systems 4G, and 9G; increases of about 121%, 54%, and 62%, 

respectively, in comparison to the results before the cleaning methodology. Specimens 1G to 3G 

presented growths of D1 after the graffiti cleaning, of about 32% (1G), 69% (2G), and 0% (3G), although 
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reductions of the initial drying speed were registered for the case of ETICS 7G and 11G. In fact, all 

these EPS-based specimens were severely damaged internally after contact with the graffiti chemical 

removers, with less water intake registered during the capillarity test, when compared to the other 

systems. Additionally, a significant rise of the contact area with water of the remaining parts of the 

thermal insulation material reasonably happened, which may have hindered the transport of liquid water 

to the surface of the specimen. In attachments, Figure A.10 shows the drying curves of the reference 

ETICS (water loss versus time [min]). 

Table 4.5 - Drying process parameters of reference ETICS (after chemical cleaning) 

Ref. 
ETICS 

D1 (kg/m².h) 
STD (D1) 
(kg/m².h) 

D2 (kg/m².h0.5) 
STD (D2) 

(kg/m².h0.5) 
Is 

∆TM 
(%) 

1G 0.0378 0.0024 0.4654 0.0190 1.25 -0.09 

2G 0.0487 0.0023 0.4571 0.0132 0.94 0.14 

3G 0.0551 0.0048 0.6880 0.0178 0.82 -0.46 

4G 0.1343 0.0273 2.7863 0.2760 4.19 0.12 

5G 0.1730 0.0241 2.0538 0.2173 3.13 3.12 

6G 0.0843 0.0121 1.1026 0.2384 3.30 5.42 

7G 0.0755 0.0286 0.7432 0.1082 3.51 0.01 

8G 0.1079 0.0064 2.0737 0.2813 3.92 1.29 

9G 0.1201 0.0116 1.9197 0.1985 3.46 6.02 

10G 0.1107 0.0148 1.0956 0.0592 4.38 8.09 

11G 0.0574 0.0022 0.5099 0.0102 2.10 0.49 

12G 0.0856 0.0149 1.3735 0.4498 4.17 1.51 

Regarding the second phase drying speed (D2), the system 4G reached the maximum average 

value registered, with 2.7863 kg/m2.h0.5 (an increase of 50% in comparison to the results before cleaning 

phase). However, the minimum average value of D2 was observed for ETICS 2G, with 0.4571kg/m2.h0.5. 

As shown in Figure 4.28, those specimens, which previously had considerable quantities of water 

absorbed by capillarity, especially the MW-based and ICB-based ETICS, as well as the systems with 

higher thicknesses, clearly have more significant slopes at the end of the drying test. Thus, an increase 

of the diffusion of water vapour occurs, when compared to the situation before cleaning procedures, as 

Figure 4.28a) shows. Interestingly, specimen 4G, which absorbed excessive amounts of water during 

the capillarity test, also presented faster drying speeds D1 and D2, in comparison to most of the 

systems.  

Concerning the drying index (Is) average values (Table 4.5), general increases up to 386% (ETICS 

7G) were observed for all the specimens, if compared to the situation prior to the cleaning actions. 

Systems 1G to 3G continued to have the higher drying capacity, with lower values when compared to 

the other ETICS types, with the lowest Is value of 0.82 for specimen 3G, followed by specimen 2G 

(0.94), and 1G (1.25). ETICS type 10G (4.38), followed by 4G (4.19), and 12G (4.17) are the specimens 

with the greatest dry resistance (with higher Is). 



 

66 

 

 

 

Figure 4.28 - Drying curves of reference ETICS: (a) before cleaning; (b) after cleaning. 

It is worth noting that the total mass variation (∆Tm) of the specimens at the end of the drying test, 

in relation to the dry mass (before capillary water absorption test), is between -0.46% (3G) and 8.09% 

(10G) (Table 4.5). However, a mass variation between consecutive weightings of less than 2% was 

achieved for most of the specimens already from the second to the third day of the drying process. Most 

of the EPS-based systems presented ∆Tm values closed to zero, or even slightly negative, which could 

be associated to the thermal insulation material losses. Systems 5G, 6G, 9G, 10G and 12G presented 

considerable average ∆Tm values > 1.5%, whereas ETICS 1G and 3G registered lower average 

masses at the end of the drying test, if compared to those values registered prior to the water absorption 

by capillary. ETICS specimens 4G and 5G, despite having a considerable average Is value, presented 

significant differences in terms of average total mass variations (∆Tm ) (0.12% and 3.12%, respectively). 

Thus, the different finish adopted in the latter (acrylic topcoat) may have resulted in a poor drying 

capacity also (Is=3.13), probably due to a reduction of the water vapour permeability. Analogous result 

was observed for specimens 9G and 10G, where the use of a silicate-based finish on specimen 9G, 

instead of an acrylic-based one, led to a reduction of both Is and ∆Tm. 

4.3.3.2 After chemical cleaning of graffiti (blue and silver) 

The ETICS systems, after performing the graffiti cleaning methodology (steps 1, 2 and 3), registered 

high initial drying speeds (vide Table 4.3 and Table 4.4 with Table 4.6 and Table 4.7), with exception to 

specimen 6G (blue graffiti) and specimens 5G, 8G, and 11G in the case of the silver-painted ETICS, 

although close values were obtained to the reference ETICS. In attachments, Figures A.11 and A.12 

show the drying curves (water loss versus time [min]) of the blue and silver ETICS, respectively. 
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Table 4.6 - Drying process parameters of blue ETICS (after graffiti cleaning). 

Blue 
ETICS 

D1 (kg/m².h) 
STD (D1) 
(kg/m².h) 

D2 
(kg/m².h0.5) 

STD (D2) 
(kg/m².h0.5) 

Is 
∆TM 
(%) 

1G 0.0629 0.0179 0.6895 0.1477 1.89 1.72 

2G 0.0860 0.0518 0.6501 0.1859 1.67 -0.43 

3G 0.1075 0.0354 0.9609 0.1800 1.59 0.52 

4G 0.1634 0.0294 3.4031 0.3916 5.30 5.55 

5G 0.2197 0.0363 2.0481 0.2412 5.69 13.70 

6G 0.1020 0.0338 0.8473 0.1517 3.95 9.73 

7G 0.0993 0.0240 1.0979 0.1448 3.50 7.18 

8G 0.1229 0.0426 2.0734 0.2684 7.03 28.24 

9G 0.1989 0.0224 2.7770 0.1424 3.55 11.68 

10G 0.1235 0.0055 1.2179 0.0927 5.10 12.10 

11G 0.0497 0.0016 0.4883 0.0578 2.33 0.68 

12G 0.0942 0.0141 1.3569 0.1867 7.12 31.36 

Table 4.7 - Drying process parameters of silver ETICS (after graffiti cleaning). 

Silver 
ETICS 

D1 (kg/m².h) 
STD (D1) 
(kg/m².h) 

D2 (kg/m².h0.5) 
STD (D2) 

(kg/m².h0.5) 
Is 

∆TM 
(%) 

1G 0.0357 0.0095 0.5828 0.1314 1.99 2.62 

2G 0.1116 0.0274 0.9098 0.1453 2.28 8.23 

3G 0.0907 0.0494 0.9600 0.2883 2.08 -0.25 

4G 0.1157 0.0241 3.1698 0.2716 5.61 2.75 

5G 0.1548 0.0198 1.9253 0.0425 6.04 11.50 

6G 0.1072 0.0163 0.8472 0.0618 4.39 12.70 

7G 0.0890 0.0274 0.9867 0.1494 3.93 10.07 

8G 0.1059 0.0395 1.4856 0.2271 7.95 30.00 

9G 0.1567 0.0240 2.5460 0.2924 3.84 10.18 

10G 0.0836 0.0184 0.9040 0.0263 6.13 11.79 

11G 0.0464 0.0009 0.5702 0.0406 2.85 2.86 

12G 0.0670 0.0105 1.1057 0.2078 5.90 1.53 

Specimen 7G, which registered the highest average value of D1, before the cleaning process, for 

the reference and graffiti ETICS systems, increased to 0.0993 kg/m2.h with the blue paint, and less with 

the silver paint (0.0890 kg/m2.h). In the latter cases, growths of about 174% and 173% were obtained 

after the cleaning methodology, respectively, in comparison to the situation before cleaning,  

When analysing the second phase drying speed (D2), the slowest speeds were obtained again by 

the first three systems (1G to 3G), as shown in Figure 4.29, with specimen 11G also presenting a 

reduced value of D2 in comparison to the other ETICS. This is possibly attributed to a probable 

consequence of the adoption of EPS as insulation material for these solutions, with noticeable more 

reduced thicknesses compared to other EPS-based types specimens, i.e., 6G and 7G. However, most 
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of the painted ETICS presented higher values than the reference ETICS after the chemical cleaning. 

As an example, specimen 7G, which previously presented the maximum average D2 value among the 

reference ETICS (vide Table 4.5 with Table 4.6 and Table 4.7), had a noticeable rise (48%) for the blue 

graffiti, reaching an average value of D2 of 1.0979 kg/m².h0.5, and a 33% increase for the silver graffiti 

(0.9867 kg/m2.h0.5), both in comparison to the reference system. If these values obtained after the 

cleaning process are compared to the situation before cleaning, significant growths are observed: 56% 

(blue ETICS 7G) and 106% (silver ETICS 7G).  

 

Figure 4.29 - Drying curves of painted ETICS (after graffiti cleaning): (a) Blue; (b) Silver. 

Specimens presenting the highest drying indexes (Is) after chemical cleaning were the systems 12G 

(Is=7.12) and 8G (Is=7.03), for the blue ETICS, and 8G (Is=7.95) and 10G (Is=6.13) for the silver ETICS. 

In fact, these specimens are MW-based and ICB-based ETICS and, as previously mentioned, tend to 

absorb more water through capillarity, with higher difficulty to dry (Table 4.6 and Table 4.7). 

Interestingly, the drying indexes were not strongly increased due to the cleaning process, as generally 

observed for the reference specimens. This may be associated to the probable reduction of surface 

roughness for most of the systems, as Caiado (2020) registered after the chemical cleaning. 

Additionally, expressive values of total mass variation (∆TM) were obtained by most of the ICB-based 

and MW-based systems: for blue ETICS, 12G with 31.36% and 8G with 28.24%, while silver ETICS, 

8G with 30%, followed by 6G (thick EPS-based ETICS) with 12.7%. Nevertheless, a mass variation 

between consecutive weightings of less than 2% was achieved for most of the specimens, already from 

the second to the third day of the drying process. Significantly lower or even slightly negative average 

values of ∆Tm were obtained, after cleaning, by ETICS types 1G to 3G, with up to -0.43% (2G, blue). 

However, a contrasting value of 8.23% for the silver specimen 2G was observed, which may be caused 

by the accumulation of water in the interior of the degraded EPS thermal insulation material. 

The blue and silver graffiti provide a dry-resistant layer to the ETICS, despite the process of graffiti 

cleaning, which generally presented unsatisfactory results for the blue paint, however, nearly removed 
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the silver paint. Most of the systems present high average Is values of, in comparison to the reference 

ETICS and before the graffiti cleaning. In fact, the high ∆TM values indicated considerable amounts of 

water accumulated within the studied systems, although general increases of the drying rates D1 and 

D2 were observed amongst them, with strong slopes observed in Figure 4.29. 

4.3.4 Low-pressure water permeability with Karsten tubes 

4.3.4.1 After chemical cleaning (reference) 

In the evaluation of the amount of water absorbed (Ka) with low-pressure Karsten tubes after the 

cleaning step 1, some limitations were encountered, especially for the EPS-based ETICS, which were 

severely damaged, as previously mentioned. These ETICS, due to the impossibility of efficiently fix the 

Karsten tubes to their external surface, had negligible results. System 8G, due to its thickness and 

conditions at the end of the experimental campaign, also led to difficulties in fixing the Karten tubes, 

with no reliable results. Table A.11, in attachments, shows the average values of the volume of water 

absorbed at 60 and 120 minutes of testing, for the reference ETICS.  

ETICS type 4G presented the highest volume of water absorbed at 60 minutes, with a total of 1.20 

cm³, followed by specimens 5G (0.73 cm³) and 12G (0.63 cm³). Specimens 9G, 10G and 11G were 

able to absorb the smallest amounts of water after cleaning (Table A.11) with the latter even without 

any signal of absorption.  

  

Figure 4.30 - Average values of the water absorption coefficient (Ka) of reference ETICS (after cleaning): (a) at 

60 min; (b) at 120 min. 

Regarding the coefficients obtained at 60 min of testing, system 4G presented the highest Kc value 

(0.27 kg/m².min0.5) (Figure 4.30). After 120 min of testing, analogous results were obtained for most of 

the ETICS, with reduced increases of the Ka values for specimens 4G to 8G and reductions for ETICS 

9G and 10G (Figure 4.30). However, by a comparison to the results obtained before the cleaning 

methodology, systems 6G and 7G registered reductions on the Ka values after cleaning, whereas 

systems 9G, 10G, and 12G increased their Ka values after cleaning. This may be associated to the 
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partial elimination of the EPS in these systems (6G and 7G) which difficulted the absorption of higher 

amounts of water, as confirmed in the capillarity test. 

4.3.4.2 After chemical cleaning of graffiti (blue and silver) 

Due to the previously mentioned difficulties, some of the systems were not tested (see Table A.12, 

in attachments). Additionally, considerable variations of the average values after the graffiti removal 

were visible. When comparing the Ka values before and after the graffiti cleaning, considerable growths 

of the water intake were obtained for the ETICS solutions, especially for specimens 1G and 4G (with 

blue paint), with Ka values of 0.40 cm³ and 1.45 cm³, respectively, whereas before the graffiti cleaning 

the same specimen 1G could not absorb any volume of water, and  specimen 4G had only absorbed 

0.03 cm³. Analogous results are observed for the Kc values, in relation to before the cleaning 

methodology, as Figure 4.31 shows the differences for both paints, whereas Figure 4.32 compares the 

painted systems with the reference ones, after the cleaning methodology.  

Figure 4.31 - Average values of the water absorption coefficient (Ka) at 60 min of testing of painted ETICS (after 
chemical cleaning): (a) blue; (b) silver. 

 

Figure 4.32 - Average values of the water absorption coefficient at 60 min of testing of reference, blue, and silver 
ETICS (after cleaning). 
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After graffiti cleaning steps, all specimens presented reductions of the Kc at 60 min of testing, in 

comparison to the reference ETICS (Figure 4.32). Thus, it can be inferred that the graffiti cleaning 

methodology increased the penetration of water under low-pressure of the painted systems, although 

reaching lower levels of penetration in relation to the reference types after cleaning with only step 1. 

4.3.5 Water tests correlations 

The following sub-chapter presents some correlations between the average results of the performed 

water tests, after chemical cleaning. From an overall analysis, satisfactory results were acquired for the 

correlations, as the values of the coefficient of determination (R²) were nearly above 0.7. 

4.3.5.1 After chemical cleaning (reference) 

After the application of the chemical cleaning procedures, a positive relation was observed between 

the water absorption by contact sponge method and the low-pressure water absorption by Karsten 

tubes (Figure 4.33b), with a coefficient of determination (R
2
=0.50). Moreover, by analysing Figure 

4.33a, it was possible to verify that IS increases as the Cc increases, with a higher average relation 

between both variables (R
2
=0.43) in comparison to what was observed before cleaning. This indicated 

that most of ETICS types which absorbed a high amount of water by capillarity, at 60min of testing, dry 

slower, which could be associated to the higher amount of water to lose through evaporation. 

 

Figure 4.33 - Correlations of reference ETICS specimens (after graffiti cleaning) obtained between: (a) the Drying 
index (Is) and the capillarity coefficient (Cc); (b) the water absorption by contact sponge (Wa) and water 

absorption by Karsten tubes. 

The results of the drying test are, in general, in accordance with those obtained in the capillarity 

water absorption test (Fig. 4.34a and Fig. 4.34b ), since the specimens that absorbed faster, are those 

that also dried more quickly, obtaining a linear correlation between the capillarity coefficient (Cc) and 

the drying rate (D1) (R
2
=0.65). Similar behaviour applies to the correlation between the capillarity 

coefficient (Cc) and drying rate (D2), with a coefficient of determination R
2
=0.68.  

Better relations between the performed tests were found after cleaning. This could be associated 

to the effect of the cleaning step 1 on the topcoats of the reference systems, which, according to the 

previous water tests, increased the water absorption levels of the specimens, and reduced the influence 

of the different topcoats on the specimens’ water-repellency. 
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Figure 4.34 - Correlations of reference ETICS specimens obtained between: (a) the capillarity coefficient (Cc) 
and the drying rate (D1); (b) the capillarity coefficient (Cc) and drying rate (D2) (after chemical cleaning). 

4.3.5.2 After application of graffiti (blue and silver) 

From an analysis of the correlation shown in Figure 4.35b, a positive correlation between the contact 

sponge Wa and the water absorption by Karsten tubes was observed (R
2
=0.89). This indicates that 

ETICS specimens that presented high Wa values, through the contact sponge method, tend to absorb 

more water with low-pressure Karsten tubes, if compared to other reference ETICS, with lower values 

of Wa. The correlation of the water transport properties correlate is more significant for the graffiti ETICS 

than the reference systems, after the cleaning process. For these reasons, it is worth underling that the 

more efficient and less deleterious graffiti removal techniques should be selected, as the finish coating 

plays a meaningful role when evaluating these water transport properties, and, in general, in the 

protection against water penetration in the whole ETICS system. 

Through the analysis of Figure 4.35a, which presents the results of drying index (IS) as a function 

of the water content after the graffiti cleaning, the average values of IS increased as the initial water 

content increased, with an linear correlation between both variables of R
2
=0.84. Interestingly, before 

the graffiti cleaning, no correlation (R
2
<0.4) was obtained. Thus, both the IS results and the water 

content at the beginning of the drying test are influenced by the same factor, which is a greater or lesser 

difficulty in drying. 

 

Figure 4.35 - Correlations of painted ETICS specimens obtained between: (a) the Drying index (Is) and the water 
content (Blue ETICS); (b) the water absorption by contact sponge (Wa) and water absorption by Karsten tubes 

(Silver ETICS) (after graffiti cleaning). 
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Again, the results for the painted specimens of the drying test are in agreement with those obtained 

in the capillarity water absorption test, with a positive correlation between the capillarity coefficient (Cc) 

and the drying index (Is), with a coefficient of determination R
2
=0.70 (Fig. 4.36a). Similar behaviour 

applies to the silver painted systems, but with a lower coefficient of determination R
2
=0.48. (Fig. 4.36b). 

 

Figure 4.36 - Correlations after graffiti cleaning of the specimens obtained between the capillarity coefficient (Cc) 
and the drying index (Is) for: (a) blue ETICS, and (b) silver ETICS. 

The stronger relations among the performed tests after graffiti cleaning can be attributed to the 

effects of the whole cleaning methodology on the specimens’ topcoats. In fact, according to the water 

tests (section 4.3.2), the painted specimens drastically increased their water absorption levels, due to 

the partial removal of both the graffiti and the topcoats. 

4.4 Infrared thermography 

In this subchapter, the results obtained from the Infrared thermography (IRT) are presented. As 

previously mentioned, the thermograms were acquired with the purpose of studying the water transport 

phenomena in the ETICS specimens, immediately after water absorption by capillarity test (24 hours of 

contact with water), for each situation (before and after graffiti cleaning). Thermal images provide the 

measurement of the temperature change due to the water transport inside the system. The 

temperatures data were exported and plotted within graphs (average temperature vs depth) for each 

specimen, as presented in the next sections.  

4.4.1 Before chemical cleaning 

From an overall analysis of the water transport phenomena of the ETICS systems, it was observed 

that different thermal insulation materials led to different behaviours concerning the water transport from 

the surface to the inner layers of the ETICS. Figure 4.37 shows the behaviour of specimens 3G (EPS), 

5G (ICB), and 12G (MW), presenting for different thermal insulation materials.  

The studied ETICS presented an initial pattern of slight temperature drop in the first 5 mm of depth 

(always examining from the topcoat to the interior), with a fast temperature growth of about 10% of their 
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minimum temperature on the next 5 to 10 mm, followed by a stabilizing. This trend as observed for all 

EPS-based and ICB-based systems, with the latter usually presenting a lower temperature increase 

(from 5% to 10%) after the initial quick drop. However, different results were observed for the solutions 

with MW as thermal insulation (8G and 12G). In these cases, it was noticed a drastic change in their 

behaviour in comparison to the other ETICS, with a lower reduction of the temperature during the first 

10 mm, followed by a gradual increase of temperature of up to 10% until the bottom of the system. 

 

Figure 4.37 - IRT graphs of ETICS specimens 3G, 5G, and 12G (before cleaning) (Temperature versus Depth) 

In fact, the base coats have all thicknesses of up to 5 mm, and for the EPS-based and ICB-based 

ETICS the average minimum temperatures were registered within this layer. This phenomenon could 

be associated to the restrictions imposed to the water diffusion between the finish – a low porosity coat 

- and thermal insulation. Analysing the MW-based systems, the average minimum temperature 

registered was generally located in the first 5 mm of the thermal insulation thickness, which shows that 

water can penetrate more in depth in these systems, in comparison to the other insulation materials. 

 
                                                  a)                               b)                                 c)         

Figure 4.38 - IRT of ETICS 1G (side A) before cleaning: (a) reference, (b) blue, and (c) silver  

As mentioned, specimen 1G presented a higher capillarity coefficient in comparison to specimen 

2G and 3G, which differ for the base coat and finishing coat. This difference in the composition result 

in a reduced average temperature along the specimen depth, if comparing specimen 1G to 3G, (vide 

Figure 4.37 and Figure 4.38). The reduction on the specimen temperature can be associated to a higher 

water content.  
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The application of graffiti aerosol spray on ETICS, as seen after the performed water absorption 

tests, decreased the water intake by reducing the liquid water permeability, as previously seen in 

chapter 4.1. This can induce higher internal temperatures on the ETICS solutions, with exception of 

specimens 1G, 4G, 5G, 11G, and 12G. The former (1G) presented a slight reduction of the average 

temperature of the silver solution, however, with a higher minimum temperature in the specimen base 

coat, whereas the latter (12G) presented lower average temperatures for the entire silver paint system. 

All the other specimens (2G, 3G, and 6G to 10G) exhibited higher temperatures for the graffiti painted 

ETICS in comparison to the reference systems, as shown in Figure 4.39 for specimens 6G (EPS), 8G 

(MW), and 9G (ICB). 

 

Figure 4.39 - IRT graphs (Temperature x Depth) of ETICS specimens 6G, 8G, and 9G (before cleaning) 

By analysis of specimens 3G (Cc=0.023 kg/m².min0.5) and 6G (Cc= 0.132 kg/m².min0.5), both with 

EPS-based systems, however, with significant differences in the water absorption by capillarity, the 

results of IRT corroborate the capillarity test, where lower average temperatures were observed along 

the systems depth for the specimens with the highest water intake. 

4.4.2 After chemical cleaning 

After the cleaning phase, and at the end of the experimental work, another water absorption by 

capillary test was performed for the acquisition of the IRT images. Due to the brushing process and 

strong action of the chemical products, especially observed for the EPS-based specimens, the 

superficial water repellence of the ETICS has drastically reduced and the water permeability has 

strongly increased, as seen after the second phase of water absorption tests (see section 4.3). This led 

to visible changes on the water transport phenomena of the specimens, reflecting on significant 

alterations of the average temperature course, as shown in Figure 4.40. An extremely distinct behaviour 

after the cleaning process of 4G ETICS was obtained, without a visible pattern registered from the IRT, 

compared to the results obtained before the cleaning phase. Lower temperatures were obtained after 

the cleaning methodology, in general, for the system 4G, confirming the higher values of water intake 

obtained. Analogous behaviours were registered for the other systems, although having higher 

variations. Moreover, after cleaning, the reference system (Cc=0.454 kg/m².min0.5) still registered higher 
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temperatures than the blue one (Cc=0.717 kg/m².min0.5), which confirms the relation between the IRT 

test and the water absorption through capillarity. 

 

Figure 4.40 - IRT graphs comparison of ETICS 4G – before and after cleaning 

From an overall analysis of the water transport phenomena of the ETICS after the cleaning 

methodology, it can be noted that the application of graffiti or the type of insulation material do not affect 

significantly the water transport properties of the specimens. However, when analysing each system 

separately, higher fluctuations of the average temperatures were visible from the topcoat to the inner 

parts. Furthermore, the initial pattern of fast temperature drop was registered, however, this time more 

significant than prior to the chemical cleaning, with drops in temperature of up to 15% of the initial 

temperature measured. Figure 4.41 shows the behaviour of the systems with different thermal insulation 

materials ( 6G - EPS, 8G - MW, and 9G - ICB). 

 

Figure 4.41 - IRT graphs (Temperature x Depth) of ETICS specimens 6G, 8G, and 9G (after cleaning) 

Due to the damage produced by the chemical cleaning process, the specimens presented a general 

drastic change of the average temperatures progress. In fact, visible alteration on the results of IRT 

were observed for all ETICS . Figure 4.42 shows the IRT images of specimen 1G after the cleaning 

process. By comparison with Figure 4.38, the maximum average temperature has dropped about 5% 
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for the reference specimens, while a decrease of around 10% occurred to both blue and silver ETICS 

types. After the graffiti cleaning, the minimum average temperature had also an expressive decrease 

of up to 17%, following the results of the capillarity test, where a higher water intake was registered. 

Analogous results could be visible for the specimens 2G and 3G although less pronounced. Thus, it 

was concluded that IRT analysis generally confirmed the results obtained after the capillarity test, 

providing a helpful tool to understand the water transport through the inner layers of ETICS. 

 
                                                  a)                                 b)                                c)         

Figure 4.42 - IRT of ETICS 1G (side A) after cleaning: (a) reference, (b) blue, and (c) silver.  

 

 

4.5 Summary 

In this chapter, the experimental work within this dissertation was presented. Therefore, the graffiti 

cleaning effectiveness was evaluated for the 12 ETICS specimens, along with the water transport 

properties and the changes with and without graffiti (reference specimens), as well as, before and after 

the graffiti removal. In attachments, Tables A.13 and A.14 summarize the results of the water tests of 

this experimental campaign. 

The results obtained revealed differences in the water absorption and drying kinetics among the 

different types of ETICS. In general, ICB-based and MW-based ETICS or systems with higher total 

thickness absorbed more water during the capillarity test. Despite the considerable drying rates 

observed for these specimens, higher drying resistance was registered. The ETICS with air lime and 

hydraulic binder as topcoat (4G) presented a drastic water absorption during the contact sponge 

method. Regarding the absorption of water under low-pressure by Karsten tubes, ETICS 9G to 11G 

(acrylic topcoat) had nearly zero water intake. The graffiti reduced the liquid water absorption and drying 

capacity of the ETICS, and after the cleaning process the transport of water into the specimens was 

facilitated. Graffiti removal (alkaline) chemical products are highly effective in eliminating the silver paint 

from the ETICS, but ineffective for the blue-painted specimens. Its application in EPS-based systems 

is not recommended, due to a strong chemical interaction between the alkaline product and this type of 

thermal insulation. Furthermore, it is concluded that the degree of cleanliness with the applied 

methodology depends on the composition of the paints and type of finishing render of the ETICS. 
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5. Conclusions and recommendations for further work 

5.1 Main conclusions 

Graffiti has been a characteristic part of the urban context in last decades, spreading mostly in large 

cities, and more recently also outside of large urban centres. Spray paints and felt markers, commonly 

used in a wide range of colours, are among the most used materials for the execution of graffiti. It is 

generally assumed that graffiti must be removed in the case of considering it as a vandalism act. 

Government and municipal entities have been giving considerable attention to this growing problem, 

adopting several approaches, such as the approval of laws that regulates the execution of graffiti on 

public spaces. Several solutions to prevent the proliferation of this type of vandalism have being studied 

and applied. Currently, a widely used alternative to remove graffiti implies chemical cleaning actions. 

However, it should be underlined that the characteristics of these chemical products and their secondary 

effects are not well known or systematically described, and the recommendations of the manufacturers 

on the use of these products often differ. In fact, the manufacturers generally not reveal the full chemical 

composition, and the product technical sheets frequently present only few details on the physical-

chemical properties of the chemical removal products.  

The ETICS, increasingly adopted in the construction market due to their numerous advantages, is 

a recent construction solution. No scientific studies focusing on the effects of aerosol paint-graffiti on 

ETICS water transport properties, neither on their removal from this substrate, can be found in literature. 

For these reasons, 12 types of ETICS differing on the thermal insulation materials, base coats, and 

finishes were studied In this dissertation, focusing in the characterization of the water transport 

properties through three liquid water absorption tests (by capillarity, by the contact sponge method, and 

by low-pressure with Karsten tubes), and drying kinetics (drying rates and drying index). Infrared ray 

thermography was used as complementary tool for the evaluation of the water transport in the various 

constituent layers of the systems. The water properties were evaluated before and after the application 

of aerosol-spray graffiti (two colors with different bases), as well as after the graffiti removal process. 

The cleaning methodology consisted in application of two chemical products with alkaline pH, divided 

into three steps including nylon brushing under hot water.  

The test of water absorption by contact sponge revealed that ETICS specimens 4G, 7G, and 9G 

absorbed the highest quantities of water, detecting a considerably higher amount of water in the former. 

This behaviour is attributed to the finish coat of specimen 4G, constituted mainly by air lime and 

hydraulic binder; in the case of specimen 7G, this low water resistance can be explained by the use of 

an acrylic topcoat, which differs in its composition (mineral fillers, pigments) when compared to the 

acrylic coating on specimens 5G, 6G, and 8G. Additionally, the ETICS type 9G is the only of all systems 

studied with an aqueous silicate paint. Regarding the test of water absorption by Karsten tubes, 

specimens 9G (silicate topcoat), and 10G to 12G (acrylic topcoat) have the highest resistance to the 

penetration of low-pressure water. Additionally, the application of graffiti reduced the water absorption, 

without any signs of water absorption after 120min of testing for specimens 1G, 2G, 6G, and 11G, 
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before the cleaning procedures. In fact, all these specimens have acrylic-based topcoats, with an extra 

layer of acrylic paint on system 2G. In the capillarity water absorption test, it was concluded that systems 

from 4G to 8G had the lower resistance to the penetration of water in the inner layers of the ETICS, as 

the levels of water absorbed for those specimens were the highest observed, whereas the first 

specimens (1G to 3G) showed the highest resistance to water penetration, with low water absorption. 

This could be a consequence of the total thicknesses of the specimens 4G to 8G (about 50% thicker 

than the other systems), which possibly lead to higher absorption of water. However, the internal 

composition of the systems possibly also influenced the water absorption, mostly where a different 

thermal insulation material is used. As an example, specimens 11G (EPS) and 12G (MW), resulting in 

an increase of ≈ 21% on the amount of water absorbed at 24 hours of testing. Nevertheless, a change 

on the topcoat of the ETICS also led to higher or lower water absorption, as in the case of alteration of 

the topcoat on specimens 4G (air lime and hydraulic binder) and 5G (acrylic), resulting in an increase 

of ≈ 33% on the capillarity coefficient and 42% on the water absorption at 24 h of testing, respectively. 

Additionally, it was verified that all ETICS systems, before cleaning procedures, presented a satisfactory 

behaviour with extremely low water absorption, as expected, being these systems homologated. The 

values of capillary absorption after 1 hour of testing for all the solutions were ≤ 1 kg/m², in agreement 

with the requirement of ETAG 004 (EOTA 2013). After cleaning, most of the specimens exceeded this 

value, with only the reference ETICS types 1G, 2G, 3G, 7G, and 11G satisfying the ETAG 004 

requirements, as well as the blue-painted specimens 1G, 2G, 3G, and 11G, and the silver-painted 

specimens 1G, 3G, and 11G. In fact, these systems are all EPS-based. Therefore, it can be concluded 

that generally all the layers of the ETICS play a meaningful role in the water penetration by capillarity. 

The integration of IR thermography and the test of water absorption by capillarity provided a deeper 

insight on the water transport behaviour of the ETICS. Particularly, IRT (by passive approach) showed 

satisfying results in showing the penetration of the water in the ETICS, quantified by comparing the 

internal temperatures due to absorption and diffusion of water. Specimens 4G to 8G presented a 

different internal temperature stabilization, when compared to the to the other systems, usually starting 

after 20 mm from the topcoat instead of 10 mm. This can be explained by wan higher water penetration 

and retention in the thermal insulation and the finish coat. IRT results are in agreement with water 

absorption by capillarity tests, as the ETICS specimens which absorbed a high amount of water, have 

also the lowest average temperatures. The application of graffiti on ETICS resulted in internal 

temperature rises for most of the specimens, confirming the overall reductions of the water intake by 

the ETICS after graffiti application. Regarding the drying kinetics, the results of the drying test were in 

agreement with the water absorption by capillarity test. In fact, the highest transport of liquid water to 

the specimen surface in the shortest period (D1) were observed in those systems which absorbed more 

water through capillarity, such as for thicker systems or MW-based and ICB-based ETICS. In fact, 

specimens which absorbed more water tended to present also faster water vapour diffusion (D2), 

although not enough to reduce the drying resistance, with drying indexes mostly above the ones 

obtained in the other ETICS specimens. The application of graffiti reduced the average values of D1, 

whereas the average values of D2, drying indexes (Is) and total mass variations (∆TM) were increased 
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by the paints, with less significant changes caused by the silver paint (polythene base) in comparison 

to the blue paint (alkyd base). 

Among the aerosol spray paints tested, the extra layer of paint proved to reduce the water 

absorption of most of the ETICS solutions. On the other hand, the drying capability was decreased, 

which led to a higher difficulty in the evaporation of the water from inside the systems, which may result 

in future anomalies. From an overall analysis, the silver paint presented lower results in terms of the 

absorption capability - by reducing the water absorption levels - and evaporation of liquid water, in 

comparison to the blue paint. The silver paint had polyethene resins in its formulation, whereas blue 

paint had alkyd ones. The alkaline pH chemical cleaning methodology proved to be effective in 

removing silver paint from the graffiti systems. However, unsatisfactory results were obtained for most 

of the blue-painted ETICS specimens, with also severe damages to the EPS-based systems. The 

ETICS with EPS thermal insulation proved to be the most susceptible material to the action of the 

chemical products, used for graffiti removal. All the other materials, which compose the different ETICS 

evaluated, demonstrated to be sufficiently resistant to the chemical cleaning, without showing no signs 

of deterioration in contact with the products. However, specimens 4G present a yellowish surface after 

chemical cleaning, due to a possible reaction with the air lime present in the finish coat. The repetition 

of the application of the commercial chemical product, as well as the further use of a graffiti shadow 

removal, proved to be essential as visible improvements in the graffiti removal were observed. The 

silver paint revealed to be considerably easier to remove than the blue one. In fact, according to other 

authors, the blue paint is among the most difficult colours to remove. The results obtained in this 

dissertation also have further advantages, i.e., orientation of the general public on the effects caused 

by graffiti, apart from the induced aesthetical alterations; guidance of the experts ad operators in the 

field of graffiti cleaning and promotion of more adequate graffiti removal interventions on ETICS 

facades; remind to the ETICS suppliers on the importance of a watertight system. 

5.2 Recommendations for further work 

      The laboratorial research carried out for this dissertation has highlighted a number of topics on 

which further research would be beneficial. Several areas with lacking information in this topic were 

described both in the literature review, as well as a number of additional areas for further research were 

highlighted by the analyses undertaken for this thesis. For future studies in this field, the following 

suggestions are proposed: to study the influence of the nature and ageing of graffiti on the effectiveness 

of different graffiti removal products; to study the action of graffiti removal solutions to other types of 

ETICS, such as XPS-based ETICS and G-EPS-based ETICS; application of this methodology for 

specimens with larger dimension and/or in-situ; characterization of other physical properties such as 

colour, gloss, contact angle and roughness, and their changes induced by the application of graffiti 

chemical cleaning procedures with alkaline pH products; to study the effectiveness of other cleaning 

methods with possible conjugation of different approaches for cleaning ETICS with graffiti painted 

surfaces; to verify the durability of the ETICS specimens with artificial ageing tests, such as accelerated 

ageing with SO2. 
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Table A.1 - Average water absorption (Wa) by contact sponge method and the standard deviation 
(SD) obtained per ETICS specimen. 

 

 

 
Table A.2 - Capillary water absorption results (Reference ETICS). 

Ref. 
ETICS 

Area (m²) 
3 min 

(kg/m²) 
1 h 

(kg/m²) 
2 h 

(kg/m²) 
4 h 

(kg/m²) 
6 h 

(kg/m²) 
24 h 

(kg/m²) 

Cc 
(kg/m². 
min0.5) 

STD(kg/
m².min0.5

) 

1G 0.002533 0.159 0.395 0.492 0.574 0.607 0.644 0.092 0.009 

2G 0.002550 0.054 0.179 0.250 0.332 0.405 0.546 0.031 0.006 

3G 0.002618 0.093 0.230 0.318 0.410 0.455 0.629 0.054 0.004 

4G 0.002669 0.264 0.631 0.899 1.163 1.294 1.592 0.152 0.005 

5G 0.002721 0.405 0.894 0.986 1.047 1.062 1.123 0.234 0.016 

6G 0.002601 0.144 0.940 1.201 1.338 1.377 1.437 0.083 0.014 

7G 0.002584 0.280 1.000 1.180 1.247 1.312 1.388 0.162 0.017 

8G 0.002619 0.205 0.810 1.011 1.139 1.235 1.517 0.118 0.019 

9G 0.002601 0.040 0.243 0.367 0.493 0.592 0.928 0.023 0.007 

10G 0.002635 0.047 0.291 0.403 0.516 0.600 0.889 0.027 0.007 

11G 0.002584 0.196 0.591 0.687 0.764 0.798 0.833 0.113 0.014 

12G 0.002618 0.181 0.607 0.723 0.824 0.868 1.011 0.104 0.014 

 

 

 

 

 

Ref. 
ETICS 

Wa 
(g/m².s) 

STD 
(g/m².s) 

Blue 
ETICS 

Wa 
(g/m².s) 

STD 
(g/m².s) 

Silver 
ETICS 

Wa 
(g/m².s) 

STD 
(g/m².s) 

1G 0.1739 0.0119 1G 0.0662 0.0174 1G 0.0447 0.0033 

2G 0.0836 0.0045 2G 0.0452 0.0033 2G 0.0425 0.0014 

3G 0.1255 0.0176 3G 0.0543 0.0081 3G 0.0450 0.0055 

4G 1.1694 0.7336 4G 0.0947 0.0029 4G 0.0725 0.0086 

5G 0.1018 0.0022 5G 0.0499 0.0027 5G 0.0677 0.0052 

6G 0.1003 0.0194 6G 0.0513 0.0067 6G 0.0440 0.0066 

7G 0.4244 0.1373 7G 0.0674 0.0074 7G 0.0596 0.0177 

8G 0.0935 0.0045 8G 0.0778 0.0115 8G 0.0622 0.0025 

9G 0.2217 0.0285 9G 0.0765 0.0171 9G 0.1091 0.0264 

10G 0.0932 0.0037 10G 0.0633 0.0042 10G 0.0610 0.0106 

11G 0.1332 0.0165 11G 0.0783 0.0052 11G 0.0673 0.0016 

12G 0.1372 0.0176 12G 0.0624 0.0066 12G 0.0588 0.0060 
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Table A.3 - Capillary water absorption results for blue painted ETICS. 

Blue 
ETICS 

Area (m²) 
3 min 

(kg/m²) 
1 h 

(kg/m²) 
2 h 

(kg/m²) 
4 h 

(kg/m²) 
6 h 

(kg/m²) 
24 h 

(kg/m²) 

Cc 
(kg/m². 
min0.5) 

STD 
(kg/m². 
min0.5) 

1G 0.002516 0.174 0.424 0.529 0.613 0.638 0.701 0.100 0.019 

2G 0.002567 0.075 0.222 0.292 0.377 0.431 0.565 0.043 0.003 

3G 0.002550 0.059 0.175 0.250 0.333 0.392 0.539 0.034 0.003 

4G 0.002652 0.030 0.357 0.581 0.885 1.072 1.494 0.017 0.006 

5G 0.002739 0.299 0.825 0.944 1.059 1.072 1.173 0.173 0.035 

6G 0.002517 0.074 0.759 1.134 1.416 1.487 1.562 0.043 0.005 

7G 0.002618 0.135 0.954 1.236 1.333 1.380 1.450 0.078 0.005 

8G 0.002686 0.118 0.705 0.920 1.108 1.222 1.554 0.068 0.018 

9G 0.002618 0.043 0.224 0.309 0.419 0.489 0.738 0.025 0.005 

10G 0.002686 0.024 0.174 0.268 0.375 0.452 0.779 0.014 0.002 

11G 0.002617 0.174 0.534 0.614 0.676 0.741 0.793 0.101 0.015 

12G 0.002635 0.128 0.640 0.712 0.787 0.818 0.952 0.074 0.015 

 

 

Table A.4 - Capillary water absorption results for silver painted  ETICS. 

 

 

 

 

Silver 
ETICS 

Area (m²) 
3 min 

(kg/m²) 
1 h 

(kg/m²) 
2 h 

(kg/m²) 
4 h 

(kg/m²) 
6 h 

(kg/m²) 
24 h 

(kg/m²) 

Cc 
(kg/m². 
min0.5) 

STD 
(kg/m². 
min0.5) 

1G 0.002500 0.157 0.453 0.545 0.640 0.663 0.716 0.091 0.019 

2G 0.002584 0.035 0.181 0.250 0.341 0.396 0.542 0.020 0.002 

3G 0.002601 0.024 0.151 0.224 0.308 0.360 0.522 0.014 0.004 

4G 0.002687 0.026 0.149 0.280 0.494 0.665 1.292 0.015 0.002 

5G 0.002686 0.168 0.814 0.946 1.072 1.114 1.252 0.097 0.012 

6G 0.002619 0.034 0.579 0.937 1.263 1.409 1.475 0.020 0.003 

7G 0.002584 0.062 0.570 0.800 1.053 1.184 1.325 0.036 0.023 

8G 0.002652 0.082 0.601 0.861 1.049 1.169 1.558 0.047 0.007 

9G 0.002601 0.045 0.118 0.153 0.217 0.264 0.516 0.026 0.003 

10G 0.002601 0.040 0.124 0.196 0.317 0.399 0.738 0.023 0.006 

11G 0.002567 0.106 0.375 0.481 0.608 0.673 0.695 0.061 0.032 

12G 0.002635 0.123 0.588 0.699 0.765 0.822 0.916 0.071 0.009 
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Table A.5 - Average values of the volume of water absorbed (Ka) at 60 min and 120 min 

(Reference ETICS) through low-pressure water absorption by Karsten tubes. 

Ref. 
ETICS 

Ka 60 min 
(cm³) 

STD 60                 
min (cm³) 

Ka 120 
min 

(cm³) 

STD 120 min 
(cm³) 

1G 0.57 0.419 0.73 0.544 

2G 0.07 0.094 0.10 0.141 

3G 0.43 0.125 0.53 0.125 

4G 1.20 0.163 2.10 0.216 

5G 0.57 0.047 1.03 0.094 

6G 0.63 0.094 1.17 0.189 

7G 1.43 0.205 2.53 0.330 

8G 0.40 0.082 0.87 0.330 

9G 0.17 0.125 0.17 0.125 

10G 0.13 0.047 0.23 0.125 

11G 0.00 0.000 0.10 0.000 

12G 0.17 0.047 0.20 0.082 

 

Table A.6 - Average values of the volume of water absorbed (Ka) at 60 min and 120 min (Blue 
and Silver ETICS) through low-pressure water absorption by Karsten tubes. 

Blue 
ETICS 

Ka 60 
min 

(cm³) 

ST 60 
min 

(cm³) 

Ka 
120 
min 

(cm³) 

ST 120 
min 

(cm³) 

Silver 

ETICS 

Ka 60 

min 

(cm³) 

ST 60 

min 

(cm³) 

Ka 

120 

min 

(cm³) 

ST 120 

min 

(cm³) 

1G 0.00 0.000 0.00 0.000 1G 0.00 0.000 0.03 0.047 

2G 0.00 0.000 0.00 0.000 2G 0.00 0.000 0.00 0.000 

3G 0.10 0.000 0.17 0.047 3G 0.03 0.047 0.07 0.047 

4G 0.03 0.047 0.07 0.094 4G 0.10 0.000 0.20 0.000 

5G 0.17 0.170 0.33 0.262 5G 0.17 0.170 0.17 0.170 

6G 0.00 0.000 0.00 0.000 6G 0.00 0.000 0.00 0.000 

7G 0.27 0.205 0.43 0.287 7G 0.13 0.125 0.20 0.163 

8G 0.03 0.047 0.07 0.094 8G 0.00 0.000 0.00 0.000 

9G 0.00 0.000 0.00 0.000 9G 0.03 0.047 0.03 0.047 

10G 0.00 0.000 0.00 0.000 10G 0.07 0.094 0.07 0.094 

11G 0.00 0.000 0.00 0.000 11G 0.00 0.000 0.03 0.047 

12G 0.07 0.047 0.07 0.047 12G 0.07 0.047 0.13 0.047 
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Table A.7 - Average absorbed water (Wa) and the standard deviation obtained per ETICS (after 

chemical cleaning). 

Reference 
ETICS 

Wa 
(g/m².s) 

STD 
(g/m².s) 

Blue 
ETICS 

Wa 
(g/m².s) 

STD 
(g/m².s) 

Silver 
ETICS 

Wa 
(g/m².s) 

STD 
(g/m².s) 

1G 0.0915 0.0233 1G 0.1164 0.0315 1G 0.0657 0.0236 

2G 0.0947 0.0183 2G 0.0973 0.0103 2G 0.0994 0.0215 

3G 0.0827 0.0202 3G 0.1004 0.0087 3G 0.0927 0.0218 

4G 1.2291 0.3193 4G 1.0275 0.8231 4G 0.9787 0.3461 

5G 0.0489 0.0051 5G 0.0770 0.0185 5G 0.0935 0.0071 

6G 0.0636 0.0067 6G 0.0760 0.0036 6G 0.0662 0.0061 

7G 0.0869 0.0164 7G 0.1011 0.0102 7G 0.0862 0.0204 

8G 0.0645 0.0034 8G 0.0784 0.0202 8G 0.0653 0.0136 

9G 0.0971 0.0275 9G 0.3909 0.0158 9G 0.2683 0.0489 

10G 0.0487 0.0125 10G 0.0767 0.0074 10G 0.0790 0.0183 

11G 0.0515 0.0055 11G 0.0658 0.0064 11G 0.0652 0.0136 

12G 0.0574 0.0054 12G 0.0794 0.0110 12G 0.0597 0.0168 

 

 

 

Table A.8 - Capillary water absorption results of Reference ETICS (after cleaning). 

Ref. 
ETICS 

Area 
(m²) 

3 min 
(kg/m²) 

1  h 
(kg/m²) 

2 h 
(kg/m²) 

4 h 
(kg/m²) 

6 h 
(kg/m²) 

24 h 
(kg/m²) 

Cc 
(kg/m². 
min0.5) 

STD 
(kg/m². 
min0.5) 

1G 0.002533 0.109 0.346 0.400 0.446 0.479 0.593 0.063 0.011 

2G 0.002550 0.039 0.158 0.200 0.277 0.350 0.613 0.023 0.002 

3G 0.002618 0.069 0.236 0.314 0.377 0.446 0.651 0.040 0.001 

4G 0.002669 0.786 2.635 2.774 2.870 2.929 3.145 0.454 0.279 

5G 0.002721 0.893 1.978 2.168 2.333 2.396 2.773 0.516 0.065 

6G 0.002601 0.414 1.028 1.151 1.246 1.407 2.120 0.239 0.016 

7G 0.002584 0.369 0.676 0.765 0.906 1.007 1.496 0.213 0.048 

8G 0.002619 0.537 2.019 2.267 2.517 2.673 3.149 0.310 0.049 

9G 0.002601 0.306 1.585 1.935 2.304 2.503 3.017 0.177 0.109 

10G 0.002635 0.163 1.568 1.905 2.235 2.383 2.859 0.094 0.042 

11G 0.002584 0.074 0.348 0.480 0.557 0.610 0.767 0.042 0.022 

12G 0.002618 0.658 1.772 1.906 2.072 2.153 2.473 0.380 0.275 
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Table A.9 - Capillary water absorption results of Blue ETICS (after graffiti cleaning). 

Blue 
ETICS 

Area 
(m²) 

3 min 
(kg/m²) 

1 h 
(kg/m²) 

2 h 
(kg/m²) 

4 h 
(kg/m²) 

6 h 
(kg/m²) 

24 h 
(kg/m²) 

Cc 
(kg/m². 
min0.5) 

STD 
(kg/m². 
min0.5) 

1G 0.002516 0.225 0.821 0.919 1.008 1.031 1.190 0.130 0.046 

2G 0.002567 0.093 0.275 0.391 0.551 0.610 1.134 0.054 0.005 

3G 0.002550 0.156 0.537 0.763 0.940 1.116 1.621 0.090 0.028 

4G 0.002652 1.242 3.242 3.602 4.054 4.157 4.872 0.717 0.141 

5G 0.002739 2.024 3.582 3.957 4.547 4.617 5.852 1.169 0.233 

6G 0.002517 0.642 1.367 1.538 1.787 1.853 2.758 0.371 0.076 

7G 0.002618 0.699 1.467 1.695 1.863 1.966 2.593 0.404 0.132 

8G 0.002686 4.890 6.519 6.916 7.271 7.652 8.178 2.823 0.707 

9G 0.002618 1.258 3.085 3.590 3.869 4.164 4.848 0.726 0.210 

10G 0.002686 0.129 1.552 2.391 2.951 3.202 3.857 0.075 0.041 

11G 0.002617 0.192 0.387 0.517 0.693 0.745 0.835 0.111 0.017 

12G 0.002635 4.054 5.969 6.245 6.472 6.651 7.207 2.341 1.824 

 

 

 

Table A.10 – Capillary water absorption results of Silver ETICS (after graffiti cleaning). 

Silver 
ETICS 

Area (m²) 
3 min 
(kg/m²) 

1 h 
(kg/m²) 

2 h 
(kg/m²) 

4 h 
(kg/m²) 

6 h 
(kg/m²) 

24 h 
(kg/m²) 

Cc 
(kg/m². 
min0.5) 

STD 
(kg/m². 
min0.5) 

1G 0.002500 0.149 0.489 0.595 0.755 0.801 1.065 0.086 0.016 

2G 0.002584 0.964 1.593 1.744 1.976 2.045 2.513 0.556 0.464 

3G 0.002601 0.367 0.984 1.134 1.251 1.382 1.621 0.212 0.189 

4G 0.002687 1.474 3.016 3.284 3.522 3.671 4.215 0.851 0.219 

5G 0.002686 1.638 3.283 3.754 4.206 4.363 5.169 0.946 0.120 

6G 0.002619 0.717 1.759 2.060 2.370 2.500 3.168 0.414 0.123 

7G 0.002584 0.755 1.876 2.019 2.147 2.270 2.922 0.436 0.139 

8G 0.002652 5.038 6.291 6.663 6.932 7.167 7.622 2.909 0.928 

9G 0.002601 0.388 2.291 2.982 3.533 3.815 4.456 0.224 0.047 

10G 0.002601 0.117 1.728 2.261 2.751 2.971 3.623 0.067 0.026 

11G 0.002567 0.116 0.435 0.552 0.670 0.719 1.225 0.067 0.024 

12G 0.002635 0.939 1.379 1.819 2.017 2.063 2.317 0.542 0.667 
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Table A.11 - Average values of the volume of water absorbed (Ka) at 60 min and 120 min of 

reference ETICS (after chemical cleaning). 

Ref. 
ETICS 

Ka 60 
min 

(cm³) 

STD 
60 min 
(cm³) 

Ka 
120 
min 

(cm³) 

STD 
120 
min 

(cm³) 

1G n.m. n.m. n.m. n.m. 

2G n.m. n.m. n.m. n.m. 

3G n.m. n.m. n.m. n.m. 

4G 1.20 0.216 1.83 0.249 

5G 0.73 0.205 1.10 0.216 

6G 0.47 0.170 0.67 0.309 

7G 0.30 0.141 0.67 0.464 

8G n.m. n.m. n.m. n.m. 

9G 0.23 0.170 0.27 0.205 

10G 0.33 0.236 0.37 0.262 

11G 0.00 0.000 0.00 0.000 

12G 0.63 0.613 0.90 0.920 

n.m.: not measured due to high damage of the system. 

 

 

Table A.12 - Average values of the volume of water absorbed (Ka) at 60 min and 120 min of Blue 
and Silver ETICS (after graffiti cleaning). 

Blue 
ETICS 

Ka 60 
min 

(cm³) 

STD 
60 min 
(cm³) 

Ka 
120 
min 

(cm³) 

STD 
120 
min 

(cm³) 

Silver 

ETICS 

Ka 60 

min 

(cm³) 

STD 60 

min 

(cm³) 

Ka 120 

min 

(cm³) 

STD 

120 

min 

(cm³) 

1G 0.40 0.400 0.40 0.400 1G n.m. n.m. n.m. n.m. 

2G n.m. n.m. n.m. n.m. 2G n.m. n.m. n.m. n.m. 

3G n.m. n.m. n.m. n.m. 3G n.m. n.m. n.m. n.m. 

4G 1.45 0.550 2.25 0.550 4G 0.93 0.047 1.73 0.047 

5G 0.30 0.216 0.40 0.245 5G 0.10 0.000 0.10 0.000 

6G 0.10 0.000 0.10 0.000 6G n.m. n.m. n.m. n.m. 

7G 0.30 0.163 0.37 0.170 7G n.m. n.m. n.m. n.m. 

8G 0.00 0.000 0.10 0.000 8G n.m. n.m. n.m. n.m. 

9G 0.20 0.200 0.25 0.150 9G 0.30 0.200 0.30 0.200 

10G 0.10 0.082 0.30 0.216 10G 0.27 0.170 0.27 0.170 

11G n.m. n.m. n.m. n.m. 11G n.m. n.m. n.m. n.m. 

12G 0.20 0.082 0.23 0.047 12G 0.17 0.125 0.27 0.125 

n.m.: not measured due to high damage of the system. 
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Table A.13 – Summary of results of the water tests (before cleaning). 
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Table A.14 – Summary of results of the water tests (after cleaning). 

n.m.: not measured due to high damage of the system. 
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Figure A.1 - Correlations of reference ETICS specimens, before cleaning, obtained between: the 
capillarity coefficient (Cc) and the drying rate (D1), and (b) the capillarity coefficient (Cc) and drying 

rate (D1). 

 

 

 

Figure A.2 - Correlation of reference ETICS specimens, before cleaning, obtained between the 
capillarity coefficient (Cc) and drying rate (D2). 

 
 
 

 

Figure A.3 - Correlations of blue ETICS specimens, before cleaning, obtained between: (a) the 
capillarity coefficient (Cc) and the drying rate (D1), without ETICS 5G; and (b) the water absorption by 

Karsten tubes (Kc) and the capillarity coefficient (Cc) 
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Figure A.4 - Damage caused by graffiti removal chemical products for some EPS-based ETICS 
specimens (1G6, 3G5, 6G9, and 11G6). 

 

 

Figure A.5 - Average Wa and STD obtained per each blue ETICS type after cleaning. 

 

 

 

Figure A.6 - Average capillary coefficients (Cc) obtained per painted ETICS specimen (after graffiti 
cleaning). 
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Figure A.7 - Drying curves for the reference ETICS (water loss versus time [min]). 

 

 

Figure A.8 - Drying curves for the blue ETICS (water loss versus time [min]). 

 

 

Figure A.9 - Drying curves for the silver ETICS (water loss versus time [min]). 
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Figure A.10 - Drying curves for the reference ETICS (water loss versus time [min]) after cleaning. 

 

 

Figure A.11 - Drying curves for the blue ETICS (water loss versus time [min]) after cleaning. 

 

Figure A.12 - Drying curves for the silver ETICS (water loss versus time [min]) after cleaning. 
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Figure A.13 - Average capillary coefficients (Cc) obtained per painted ETICS specimen (after graffiti cleaning): (a) 
blue ETICS; and (b) silver ETICS. 
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