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1 Introduction 
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.  

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. 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.  

The present work aims at studying the 

water transport properties of ETICS and its 

behaviour after application and removal of a 

sprayed graffiti. 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 durability of 

this type of insulation under the previously 

mentioned circumstances becomes evident. 

Thus, the main purposes of this work are: 

characterization of the water transport 

properties (water absorption and drying 

capability) of 12 commercial ETICS using 

different tests; 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. 

2 ETICS 
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 thermal insulation layer is usually 

composed of mineral wool (MW), expanded 
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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.  

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, establishes essential 

requirements (ERs) 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 [1]. 

3  Graffiti 
Spray paint outlines as the main material 

used by graffiti-writers due to its visual impact 

and quick and easy application. 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 [2] [3] [4].  

According to Ribeiro et al. [5] and Dionisio 

and Ribeiro [6], 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. [7]. 

Additionally, Ribeiro [8] 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.  

3.1 Graffiti cleaning  
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 [9]. The 

present work aims to focus on the chemical 

method since it was adopted for the following 

experimental campaign. 

In general, chemical removal methods are 

less harmful, very effective and inexpensive 

products for removing graffiti. However, in 

certain situations, they have some drawbacks.  

Several authors observed, during the 

evaluation of the graffiti cleaning methods, 

unsatisfactory results of the paint removal. 
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Ciliberto et al. [10] reported residues in the 

surface of limestone specimens cleaned with 

commercial liquid and pasta cleaner products. 

For Liccheli et al. [11], the stone substrates 

were entirely stained (with a permanent marker 

pen) after the cleaning process. Similar results 

were obtained by Antúnez et al. [12] and Lettieri 

and Masieri [13], who observed ineffective 

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. 

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. Reductions of the surface roughness 

were observed after the chemical removal of an 

aerosol paint graffiti applied in stones, in 

comparison between cleaned and uncleaned 

zones [12]  [14]. Similar was observed on 

ETICS surfaces with graffiti by Caiado [19], 

after chemical cleaning with an acid pH product. 

Ciliberto et al. [10] referred that after the 

chemical cleaning of an acrylic graffiti, the 

contact angles were drastically reduced. 

4 Experimental work  
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. The tests 

and their respective standard procedures are 

presented in Table 4.1. 

Table 4.1-Performed tests and respective standards 

Test Normalization 

Water absorption 
by capillarity 

ETAG004 EOTA [1] 

Drying EN 16322 [21] 

Low-pressure water 
permeability with 

Karsten tubes 

Test No II 4 – 
(RILEM 1980) [22] 

Water absorption 
by contact sponge 

UNI 11432:2011 
(UNI 2011) [23] 

Infrared 
Thermography 

ASTM C 1060-90 
(2003) [24] 

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, thus they were 

not painted with graffiti aerosol; three were 

painted with blue spray paint and three with 

silver spray colour. Table 4.2, elucidate the 

technical characterization of the systems 

according to the producers’ description, based 

on the  technical datasheets of the products. In 

the systems’ 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 

and silver-painted, are between 4 to 6, and 7 to 

9, respectively. 

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  
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Table 4.2 - Technical characterization of the ETICS specimens. 

ETICS 
Thermal 

Insulation 
(TI) 

Base coat 

Finish coating Thickness 

Primer 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 
 

5G ICB 

Aqueous 
dispersion 
of acrylic 

copolymer 
with 

mineral 
fillers and 
specific 

additives 
  
  

Coloured finish 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 

  
  

65.45 59.99 

7G EPS 100 

Coloured finish with 
selected mineral fillers, 

resins in aqueous 
dispersion, pigments and 

specific additives 

64.53 59.99 

8G MW 

Coloured finish with 
medium (M) or fine (F) 

texture, with acrylic resins 
in aqueous dispersion, 
mineral fillers, pigments 

and additives 

61.34 56.34 

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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sides were sealed with aluminium scotch tape 

by TESA. 

The aerosol spray paints used in this work 

were based on previous studies [16] [17] 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. 

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.  

Both paints are primarily organic. Table 4.3 

shows the chemical composition of the paints 

with more details, based on other authors. 

Table 4.3 - Chemical characterization of the paints, 
according to Fiorucci et al. [20] and Rivas et al. [15] 

 

Following the standard ASTM D7089 [17], 

the specimens were painted with a spray can 

with an angle of 45 º and 15 cm distance from 

the surface. From the standard adaptation, and 

following the same graffiti painting methodology 

as Caiado [19], 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. After the application of 

graffiti, the specimens were stored in a 

chamber with controlled temperature (20ºC) 

and relative humidity (approximately 65%). 

After preliminary tests with several graffiti 

removal products, and based on ASTM D7089 

[17] and recent studies [19], the following 

procedure was adopted:      

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 4.1. For each colour, it was 

used a different brush to avoid contamination 

with the other colour;       

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 4.1 - 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.  
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5 Results 

5.1 Before cleaning methodology 
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 (Table 5.1). 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 explaned 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. The application of graffiti 

reduced the low-pressure water absorption 

through Karsten tubes, without any signs of 

water absorption after 120min of testing for 

specimens 1G, 2G, 6G, and 11G, 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 

a 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 others), 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 ≈ 32% on the capillarity 

coefficient and 42% on the water absorption at 

24 h of testing, respectively. 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. In fact, the 

values of capillary absorption after 1 hour of 

testing for all the solutions were ≤ 1 kg/m², in 

agreement with the requirement ofETAG004[1]. 

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 a 

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  
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Table 5.1 – Summary of results of the water tests (before graffiti cleaning). 

Type ETICS 
Sponge 

Wa 
(g/m².s) 

Kc 
(kg/m². 
min0.5) 

Cc 
(kg/m². 
min0.5) 

Capil. 
Absorp. 

[1h] 
(kg/m²) 

Capil. 
Absorp. 

[24h] 
(kg/m²) 

D1 
(kg/m². 

h) 

D2 
(kg/m². 

h0.5) 
Is 

∆TM 
(%) 

Ref. 

1G 0.1739 0.13 0.092 0.395 0.644 0.0286 0.4105 1.24 2.79 

2G 0.0836 0.02 0.031 0.179 0.546 0.0288 0.3376 1.12 1.67 

3G 0.1255 0.10 0.054 0.230 0.629 0.0551 0.7209 0.62 0.81 

4G 1.1694 0.27 0.152 0.631 1.592 0.0874 1.8559 2.12 0.84 

5G 0.1018 0.13 0.234 0.894 1.123 0.0784 1.2459 1.70 0.26 

6G 0.1003 0.14 0.083 0.940 1.437 0.0779 1.5686 1.67 0.47 

7G 0.4244 0.32 0.162 1.001 1.388 0.0974 1.9785 0.91 0.23 

8G 0.0935 0.09 0.118 0.810 1.517 0.0885 1.3706 2.27 0.86 

9G 0.2217 0.04 0.023 0.243 0.928 0.0740 1.1253 1.32 0.56 

10G 0.0932 0.03 0.027 0.291 0.889 0.0661 0.7036 2.50 0.77 

11G 0.1332 0.00 0.113 0.591 0.833 0.0690 0.5356 1.29 1.78 

12G 0.1372 0.04 0.104 0.607 1.011 0.0837 0.8297 1.64 0.75 

Blue 

1G 0.0662 0.00 0.100 0.424 0.701 0.0281 0.4658 1.31 2.85 

2G 0.0452 0.00 0.043 0.222 0.565 0.0201 0.2322 1.79 2.85 

3G 0.0543 0.02 0.034 0.175 0.539 0.0278 0.3740 1.06 1.38 

4G 0.0947 0.01 0.017 0.357 1.494 0.0286 0.6317 6.05 2.50 

5G 0.0499 0.04 0.173 0.825 1.173 0.0335 0.5368 5.36 1.00 

6G 0.0513 0.00 0.043 0.759 1.562 0.0265 0.4263 4.18 6.80 

7G 0.0674 0.06 0.078 0.954 1.450 0.0363 0.7033 3.26 2.72 

8G 0.0778 0.01 0.068 0.705 1.554 0.0391 0.7594 5.14 1.21 

9G 0.0765 0.00 0.025 0.224 0.738 0.0309 0.6247 2.47 0.73 

10G 0.0633 0.00 0.014 0.174 0.779 0.0285 0.4117 3.85 1.48 

11G 0.0783 0.00 0.101 0.534 0.793 0.0360 0.3719 1.74 3.53 

12G 0.0624 0.02 0.074 0.640 0.952 0.0474 0.6458 2.34 0.90 

Silver 

1G 0.0447 0.00 0.091 0.453 0.716 0.0243 0.3762 1.54 3.96 

2G 0.0425 0.00 0.020 0.181 0.542 0.0213 0.1794 1.70 3.70 

3G 0.0450 0.01 0.014 0.151 0.522 0.0208 0.2699 1.51 2.11 

4G 0.0725 0.02 0.015 0.149 1.292 0.0555 1.1634 2.77 0.92 

5G 0.0677 0.04 0.097 0.814 1.252 0.0332 0.4511 5.15 2.80 

6G 0.0440 0.00 0.020 0.579 1.475 0.0258 0.3439 4.35 7.51 

7G 0.0596 0.03 0.036 0.570 1.325 0.0326 0.4792 3.56 4.19 

8G 0.0622 0.00 0.047 0.601 1.558 0.0544 1.0661 3.40 0.93 

9G 0.1091 0.01 0.026 0.118 0.516 0.0340 0.4863 1.86 0.49 

10G 0.0610 0.02 0.023 0.124 0.738 0.0237 0.3030 4.37 1.55 

11G 0.0673 0.00 0.061 0.375 0.695 0.0289 0.3174 1.72 3.31 

12G 0.0588 0.02 0.071 0.588 0.916 0.0525 0.6860 2.03 0.72 
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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 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 better results in terms of the 

absorption capability - by reducing the water 

absorption levels - and evaporation of liquid 

water, in comparison to the blue paint. 

5.2 After cleaning methodology 
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, with also severe 

damages to the EPS-based systems (Fig 5.1). 

 

Figure 5.1- Damage to ETICS 1G5, 7G6, and 11G5. 

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 (step 2), as 

well as the further use of a graffiti shadow 

removal (step 3), 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. Figure 5.2 shows the results:                

(a) before the cleaning process, (b) after steps 

1, 2 (c), 3 (d), and without graffiti (e). Table 5.2 

summarizes the results of the water tests 

performed after the cleaning phase.  
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Table 5.2 – Summary of results of the water tests (after graffiti cleaning). 

Type ETICS 
Sponge 

Wa 
(g/m².s) 

Kc 
(kg/m². 
min0.5) 

Cc 
(kg/m². 
min0.5) 

Capil. 
Absorp. 

[1h] 
(kg/m²) 

Capil. 
Absorp. 

[24h] 
(kg/m²) 

D1 
(kg/m². 

h) 

D2 
(kg/m². 

h0.5) 
Is 

∆TM 
(%) 

Ref. 

1G 0.0915 n.m. 0.063 0.346 0.593 0.0378 0.4654 1.25 -0.09 

2G 0.0947 n.m. 0.023 0.158 0.613 0.0487 0.4571 0.94 0.14 

3G 0.0827 n.m. 0.040 0.236 0.651 0.0551 0.6880 0.82 -0.46 

4G 1.2291 0.27 0.454 2.635 3.145 0.1343 2.7863 4.19 0.12 

5G 0.0489 0.17 0.516 1.978 2.773 0.1730 2.0538 3.13 3.12 

6G 0.0636 0.11 0.239 1.028 2.120 0.0843 1.1026 3.30 5.42 

7G 0.0869 0.07 0.213 0.676 1.496 0.0755 0.7432 3.51 0.01 

8G 0.0645 n.m. 0.310 2.019 3.149 0.1079 2.0737 3.92 1.29 

9G 0.0971 0.05 0.177 1.585 3.017 0.1201 1.9197 3.46 6.02 

10G 0.0487 0.08 0.094 1.568 2.859 0.1107 1.0956 4.38 8.09 

11G 0.0515 0.00 0.042 0.348 0.767 0.0574 0.5099 2.10 0.49 

12G 0.0574 0.14 0.380 1.772 2.473 0.0856 1.3735 4.17 1.51 

Blue 

1G 0.1164 0.06 0.130 0.821 1.190 0.0629 0.6895 1.89 1.72 

2G 0.0973 n.m. 0.054 0.275 1.134 0.0860 0.6501 1.67 -0.43 

3G 0.1004 n.m. 0.090 0.537 1.621 0.1075 0.9609 1.59 0.52 

4G 1.0275 0.22 0.717 3.242 4.872 0.1634 3.4031 5.30 5.55 

5G 0.0770 0.07 1.169 3.582 5.852 0.2197 2.0481 5.69 13.70 

6G 0.0760 0.01 0.371 1.367 2.758 0.1020 0.8473 3.95 9.73 

7G 0.1011 0.07 0.404 1.467 2.593 0.0993 1.0979 3.50 7.18 

8G 0.0784 0.00 2.823 6.519 8.178 0.1229 2.0734 7.03 28.24 

9G 0.3909 0.03 0.726 3.085 4.848 0.1989 2.7770 3.55 11.68 

10G 0.0767 0.02 0.075 1.552 3.857 0.1235 1.2179 5.10 12.10 

11G 0.0658 n.m. 0.111 0.387 0.835 0.0497 0.4883 2.33 0.68 

12G 0.0794 0.05 2.341 5.969 7.207 0.0942 1.3569 7.12 31.36 

Silver 

1G 0.0657 n.m. 0.086 0.489 1.065 0.0357 0.5828 1.99 2.62 

2G 0.0994 n.m. 0.556 1.593 2.513 0.1116 0.9098 2.28 8.23 

3G 0.0927 n.m. 0.212 0.984 1.621 0.0907 0.9600 2.08 -0.25 

4G 0.9787 0.21 0.851 3.016 4.215 0.1157 3.1698 5.61 2.75 

5G 0.0935 0.01 0.946 3.283 5.169 0.1548 1.9253 6.04 11.50 

6G 0.0662 n.m. 0.414 1.759 3.168 0.1072 0.8472 4.39 12.70 

7G 0.0862 n.m. 0.436 1.876 2.922 0.0890 0.9867 3.93 10.07 

8G 0.0653 n.m. 2.909 6.291 7.622 0.1059 1.4856 7.95 30.00 

9G 0.2683 0.05 0.224 2.291 4.456 0.1567 2.5460 3.84 10.18 

10G 0.0790 0.06 0.067 1.728 3.623 0.0836 0.9040 6.13 11.79 

11G 0.0652 n.m. 0.067 0.435 1.225 0.0464 0.5702 2.85 2.86 

12G 0.0597 0.04 0.542 1.379 2.317 0.0670 1.1057 5.90 1.53 

n.m.: not measured due to high damage of the system. 
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a)             b)              c)              d)            e)       

 
Figure 5.2 - Visual inspection of the cleaning results 
step-by-step for ETICS 2G5 (up) and 5G9 (down). 

Most of the specimens exceeded the value 

of water absorption required by ETAG 004 for 

systems’ homologation (≤ 1 kg/m²), with only 

the reference ETICS types (EPS-based) 1G, 

2G, 3G, 7G, and 11G satisfying it, as well as the 

blue-painted specimens 1G, 2G, 3G, and 11G, 

and the silver-painted specimens 1G, 3G, and 

11G. Regarding the drying kinetics, in general, 

significant growths were registered for drying 

rates D1 and D2, Is and ∆TM. Better relations 

between the performed tests were found after 

cleaning (Figure 5.3). The stronger relations 

can be attributed to the effects of the whole 

cleaning methodology on the specimens’ 

topcoats. In fact, according to the water tests, 

the specimens considerably increased their 

water absorption levels, due to the partial 

removal of both the graffiti and the topcoats. 

Figure 5.3 - Correlation between the capillarity 
coefficient (Cc) and the drying rate (D2) of 

reference ETICS specimens. 

Through analysis of the IRT results, lower 

temperatures were obtained for most of the 

samples after the cleaning methodology, 

despite presenting higher variations, which 

confirms the higher values of water intake 

obtained. For  example, after cleaning, 

reference ETICS 4G (Cc = 0.454 kg/m².min0.5) 

obtained higher average temperatures than the 

blue one (Cc=0.717 kg/m².min0.5) (Figure 5.4). 

 
Figure 5.4 - IRT graphs comparison of ETICS 4G: 

(a) before and (b) after cleaning 

6 Conclusions 
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 and by capillarity. ETICS 9G to 

11G (acrylic topcoat) had nearly zero water 

intake through Karsten test. The graffiti reduced 

the liquid water absorption and drying capacity 

of the ETICS, but 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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