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In recent years, the external thermal insulation composite system (ETICS) has been applied increasingly in 
a lot of buildings for energy conservation purposes. However, the increased use of different combustible 
insulation materials in the ETICS has raised serious fire safety problems. Fires involving this type of ETICS 
have caused severe damage and loss. Often, the fire spread depends on the thermal material of ETICS. 
Products of polymeric foams or inorganic fibrous material are commonly used. Practice and case studies 
of researchers show that involved expanded polystyrene is the most dangerous case of the fire spread. 
Therefore, it is important to choose the right material.  In order to limit fire spread and improve fire safety, 
fire barriers from were suggested being installed. These measures may include the installation of a non-
combustible lintel above each opening in the façade (windows, doors) to prevent flames penetrating the 
insulating material. Additionally, firestop barriers can be installed horizontally over the entire façade. The 
fire barriers have to be made of non-combustible materials, such as mineral wool, and are required on 
every alternate floor in buildings. Energy renovation is a great chance to increase fire safety in buildings. 
Therefore, the requirements of additional fire safety and prevention are different in Europe. Currently, there 
are not much data available on the behaviour of different insulation materials (expanded polystyrene and 
mineral wool) in ETICS and their relevant characteristics during operating life and ETICS durability time.
This paper cites the requirements of additional fire prevention in different European countries. Analysis 
of the physical properties (vapour resistance, thermal transmittance, water absorption and etc.) of the 
expanded polystyrene and mineral wool products of is presented. This article presents an investigation of 
thermographic research of building, which was renovated three years ago and has implemented fire barriers.

KEYWORDS: fire safety, external thermal insulation composite system (ETICS), expanded polystyrene 
(EPS), fire barriers.  
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Introduction

Regulations 
and previous 

fire safety 
experiences

Safety is one of the top European Union priorities for a sustainable society. However, accidents, 
natural disasters, terrorist threats and consequences increase insecurity of the public socio-eco-
nomic life. Practice shows that fire is one of the most common threats (CTIF 2014). According 
to the statistical data, 49.5% of fires happen in residential buildings. Therefore, for public safety, 
especially in multi-storey residential buildings, fire prevention measures must be taken.

To address this issue, the EU has formed strategic and operational programs lately, in which there 
are work groups examining cases of fire in buildings, looking for the ways to reduce the likelihood 
of this threat and making suggestions to the governments. According to the reports submitted, the 
focus is on the use of polymeric insulation materials produced from petroleum products (expand-
ed polystyrene (EPS), extruded polystyrene (XPS), rigid polyisocyanurate and polyurethane (PIR/
PUR), etc.) in building structures (COST Action FP1404 2015, Beitel and et al. 2014, Werther at al. 
2014). According to the references, the greatest threat in terms of uncontrolled spread of fire in 
buildings is the use of polymeric (plastic) materials for the insulation of buildings, when the walls 
of the building are insulated using the External Thermal Insulation Composite System (ETICS) 
containing EPS insulation material or when walls of the building are assembled from multilayer 
panels with polyurethane insulation material inside (Sowriraajan and Dixit, 2011, Smolka et al, 
2015, Deamsa and Rathib, 2011, Nishio et al. 2013). 

Despite the fact that EPS contains a fire retardant that slightly reduces its flammability, it does not 
protect against combustion (Antonatus, 2013, Žukas et al. 2001, Kolbrecki, 2015). An important 
factor that has a direct impact on the safety of the people during a fire is smoke, flaming droplets 
and particles (Žukas and Nyderis, 2001). Statistics show that only 18 % of people are killed by direct 
fire, the others die from the smoke containing harmful substances that are emitted in the combus-
tion process. The smoke also contains poisonous gas that poses a direct threat to life and health of 
the people who are farther from the source of the fire. Dense smoke makes it difficult to evacuate. 
Flaming droplets and falling particles can cause injuries and also promote the spread of fire to 
other floors and surrounding buildings that are distant from the source of fire (Stec and Hull, 2010).

The interest in this issue arose in EU countries where human security is one of the sustainabil-
ity priorities. Most EU Member States have started to use passive fire protection systems with 
non-combustible insulation inserts between the combustible material layers, that act as a barrier 
for fire spread (Giletich et al. 2013, Mikkola et al. 2013, Yan et al. 2013, Xin et al. 2013). When such 
a system is installed, the façade of the building is insulated with EPS slabs, while jambs and hori-
zontal fire protection strips are made from mineral wool (MW) products. Physical properties of the 
aforementioned insulation materials are different. According to relevant literature, it is known that 
ETICS durability depends on the compatibility of physical properties of materials contained by this 
system. Therefore, the aim of this paper is to evaluate the factors influencing the durability of ET-
ICS systems equipped with fire barriers and to identify operation requirements for such systems 
based on the physical properties of the materials. 

To draw a standardisation in security roadmap and to analyse the current security standards 
landscape in Europe, in May 2011, the European Commission and the EFTA (European Free 
Trade Association) states launched Mandate M/487 to the European Standardisation Organi-
sations: CEN, CENELEC and ETSI, which has been accepted by CEN, TC 391 “Societal and Citi-
zen Security”. The CEN/TS 16850:2015 standard covers public buildings security issues. One of 
the issues is Chemical, Biological, Radiological and Nuclear defence (CBRNE). The impact of 
chemical substances emitted in the process of EPS combustion can be compared to hazardous 
substances and evaluated as a threat. On this basis, a majority of EU Member States drafted and 
enacted at the national level structural measures used in façade construction, where thermal 
insulation materials of low reaction to fire class (Euroclass E) are used in order to minimise the 
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possible spread of fire and maximize fire safety (Kumm et al. 2013, Lamberto and Cancelliere, 
2013, Stromgren et al. 2013, Yoo et al. 2013). Analysis of national regulations of European coun-
tries, which  allow or prohibit installation of ETICS systems in reaction to fire class B-s3, d0 or 
lower during refurbishment of residential multi-storey house (12 floors / >36 m height) without 
implementation of additional fire safety elements or testing (e.g. fire barriers, structure solu-
tions, large-scale tests, etc.) was carried out. A mapping was created according to the results 
of the analysis (Fig. 1).

One of safety elements is perimeter isolation of openings by non-combustible strips. Such a de-
sign solution prevents the fire spreading from the inside of the premise to the insulation layer of 
the ETICS system through the windows and doors. It is recommended (DIBT, 2015) to install the 
aforementioned fire barriers 200 mm above the opening and to extend them by 300 mm away 
from the opening. 

The second safety the element is the installation of horizontal fire barriers in order to prevent fire 
spreading by the insulation layer of the ETICS system up the façade surface, when the fire source 
is located outside or appear from the inside of the building. These fire barriers are installed along 
the perimeter of the entire building; horizontal non-combustible strips are placed between the 
flammable façade-covering materials. The latter fire prevention measure is important for high 
buildings (Peng et al. 2013). Horizontal fire safety strip number depends on the building height and 
the thickness of the insulating layer. 

As a result of reviewing normative documents of EU countries, it was determined that there is 
no common agreement on the use of insulation materials in accordance with fire classification 
in ETICS.  In the European Union, there is a common construction material fire classification as-
sessment methodology, but in many countries, national requirements also apply. For instance, in 
Lithuania, Spain, Belgium and the Netherlands, in order to determine the façade fire classification 
of the system, laboratory analysis of reaction to fire tests is enough (ETAG 004). In Germany, the 
Czech Republic, the United Kingdom, Sweden and elsewhere, whole façade system behaviour 
during the fire is tested on special conditions by setting “fire” to a large-scale model. Depending on 
the test method applied or national fire safety requirements, ETICS may comply with a variety of 
fire safety standards and classifications. For example, currently, in certain countries (e.g., Eastern 
Europe) insulation products in low reaction to fire classes can be used in exterior wall envelopes 
of multi-storey buildings that are up to 22-25 m high.  In other places, e.g., in Germany, it is forbid-
den to use combustible insulation material in multi-storey buildings. In a report submitted by the 
Construction Production Certification Centre (SPCS, 2001) it is mentioned, that when evaluating 
fire rate of the building, not only separate materials should be evaluated, but the whole system 
according to the flammability degree. The ETICS fire safety level can be evaluated judging from 
separate material combustibility feature and their behaviour only during large-scale fire tests 
(when loads similar to real conditions and wall fragment size are simulated). 

In Finland (Mikkola, 2015), it was decided to review the fire safety requirements in accordance with 
changes happening in a construction sector that was caused by stricter energy efficiency require-
ments for buildings which are associated with a significantly thicker layer of thermal insulation in 
ETICS systems or roof structures. Tests carried out by the Finnish fire safety experts have shown 
that, from 1976 to 2010, due to the additional exterior wall insulation, fire load per unit of floor area 
(MJ/m2) increased by 10±3% in buildings, where EPS and PIR materials are used for wall insula-
tion; in buildings with MV thermal insulation, such fire load increased by 1.7%. 

An even greater increase in the fire load is associated with insulation thickness in flat roof struc-
tures: roofing insulation fire load per unit of floor area (MJ/m2) from 1976 to 2010 increased by 
35% in buildings with EPS and PIR insulation, and in buildings with MW insulation such fire load 
increased by 7%. 
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Fig. 1
Mapping of European 

countries in which national 
building fire regulations 

allow or prohibit 
installation of ETICS 

systems in reaction to fire 
class B-s3, d0 or lower 

Given the experience of other countries in this respect, it can be said that while thermal require-
ments for building partitions become stricter, the thermal insulation layer thickness increases, 
and, therefore, safety in case of fire decreases. Thus, when buildings are renovated, not only ener-
gy efficiency requirements must be met, but also interests of safe and sustainable society have to 
be taken into account and durable operation of the ETICS must be ensured.

ETICS 
durability

In ETICS systems, all materials are usually compatible and tested together. They evenly react to mois-
ture, heat, cold, etc. For this reason, the façade is uniform, stable and durable.  This is why ETICS in-
stallation is regulated by the Construction Technical Regulation 2.01.10:2007, which indicates that only 
those ETICS systems should be used for design and installation of constructions which have the Euro-
pean Technical Assessments (ETA) and marked by CE sign. Technical assessment is issued to such a 
system which has been tested in accordance with ETAG 004 methodology. This methodology includes 
Mechanical resistance and stability, Safety in a case of fire (separate thermal insulation is evaluated), 
Hygiene, health and the environment, Safety in use, Protection against noise, Energy economy and 
heat retention, Aspects of durability and serviceability. This procedure is applied for the ETICS with 
monolithic thermal insulation materials: mostly EPS or MW. The main parameter of these materials 
is thermal conductivity coefficient which describes the ability of the material to conduct the heat. It is 
known that thermal insulation properties of the material can worsen if the material is wet. Therefore, 
another important property is water steam permeability and water absorption. The humidity state of 
the ETICS system determines the durability of the system (Sadauskiene and et. al. 2009).

However, there is no methodology that is used to evaluate the compatibility of the combined (from 
EPS and MW thermal insulation materials) ETICS system made from different materials based on 
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the physical properties. Also, in the scientific literature, there are no results of the experiments 
carried out in this regard. Therefore, the aim of the article is to analyse the impact of the thermal 
and moisture properties on the durability of the ETICS system.

Methods
Measurement of thermal conductivity

Thermal insulation materials from EPS and MW were investigated in this work. There were anal-
ysed EPS slabs of 70 (I variant) and 80 (II variant) classes, MW slabs of chaotic structure (III variant) 
and vertical orientation structure (IV variant).

The thermal conductivities of the thermal insulation materials (EPS and MW) were measured 
with a thermal conductivity measurement apparatus according to the requirements of LST EN 
12667, which has the central measuring part with the area of 250 x 250 mm, the temperature 
gradient through a specimen approximately 20o C, the temperature of the horizontal hot bottom 
plate 20o C, the temperature of the horizontal cold top plate approximately 0o C, the direction of 
the heat flow is vertical, going upwards. Fig. 2 presents this test.

Fig. 2
A test for determination of 
thermal conductivity

In order to evaluate the significance of the 
thermal conductivity properties difference of 
the EPS and MW,  to get the thermal conductiv-
ities  study results were processed using SPSS 
package, using one-factor dispersive ANOVA 
statistical analysis, which aims - to determine 
whether the average of the dependent variable 
interval (μ) in the different samples are signifi-
cantly different. The sample size n was 15. Sta-
tistical hypothesis when the significance level 
α = 0.05 is formulated as follows:

(1) 
 
H0: μ1 = μ2 = μ3 = μ 4,

Ha: at least two differ average. 

The null hypothesis H0 means that the factor 
does not affect, i.e. thermal conductivity prop-
erties of a wall are not influenced by the ther-
mal insulation material type. The alternative 

hypothesis Ha - thermal conductivity properties of a wall are influenced by the thermal insulation 
material type. Using SSPS statistical package, ANOVA results are presented by p-value. H0 is re-
jected (averages differ), when p < α. H0 is not excluded (the difference was not found), when p ≥ α. 

ETICS humidity state evaluation
In order to check the moisture state of the expanded clay wall, that is next to the thermal insulating 
layer and to evaluate the impact of the insulation material to the moisture state of the wall, natural 
experiments were carried out, during which a multi-storey residential buildings that have been 
operated for three years and are insulated by ETICS systems with different 120 mm thick thermal 
insulation slabs (MW and EPS) were examined. Moisture content was determined in 7 points: in 
a place where the thin layer of plaster and thermal insulation material come into contact; in the 
middle of the thermal insulation layer; in a place where glue and thermal insulation material come 
into contact; in the middle of the glue layer; in a place where expanded clay wall and the glue layer 
comes into contact; 60 mm deep into the expanded clay wall from the outer side; 120 mm deep 
into the expanded clay wall from the outer side (Fig. 4). Samples for moisture content evaluation 
were taken approximately at the level of the ground floor.

Using the WUFI computer program in which is integrated method of EN ISO 13788, the changes of 
the moisture state in junction plane of the insulation layer made from EPS and MW and supported 
wall over time.
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Durability evaluation test

In order to evaluate the durability of the combined ETICS systems, a thermographic, visual and 
population survey researches have been conducted. For the research, a multi-storey residential 
building that was renovated in 2012 by installing the ETICS system with EPS insulation material 
and additional fire barriers in the zone of around openings using mineral wool strips (Fig. 3) was 
selected. The thick of thermal insulations layer was 150 mm.

Fig. 3
The investigated building 

with the ETICS system 
with installed the add 

fire safety measure 
(fire barriers from MW 

insulation)

The thermographic survey was performed in order to identify defective parts of the investigat-
ed building. Qualitative detection of thermal irregularities in building envelopes (LST EN 13187) 
based on Infrared method was used for this purpose. This survey was carried out with the infrared 
camera “ThermaCAM B640”, which creates electrical signals according to the infrared wavelength 
and intensity. Electrical signals are compared with temperature etalon and temperature of the 
measured surface is calculated. The accuracy of the device is 2% or 2oC. The infrared camera 
converts thermal heat radiation to the colour image, i. e. thermogram, which is used to detect 
building envelope defects. 

All thermographic investigations were made during the winter period. The difference between the 
indoor and the outdoor air temperature was at least 20oC.

Visual tests were used to determine the external defects of the ETICS system, irregularities, etc.

The aim of the population survey was to evaluate the climate and air movement sensation due to 
the installation of the combined thermal insulation materials. 20 residents from different apart-
ments of one building were interviewed.

Results and 
discussion

Thermal conductivity of thermal insulation materials 

The results of the thermal conductivity investigation are provided in Table 1, which shows average 
value x of each test of the thermal insulation material, the variance s2 and standard deviation s. 
Variance and standard deviation indicate the data dispersion about an average value. The estab-
lished thermal conductivity values are a random variable and their implementations are distrib-
uted about the real value of the parameter.  Therefore is important to know an interval of thermal 
conductivity values depending on the type of thermal insulation material. Confidence interval set 
at 0.95 probability.

The statistical significance of differences of the thermal conductivity of different thermal insulation 
materials is given in Table 2.

Statistical results of the thermal conductivity investigations show that the type of thermal insula-
tion material (EPS or MW) does not make a statistically significant influence to thermal conduction 
through the walls.
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Table 1
Statistical data of the 
thermal conductivity of 
tested thermal insulation 
materials

The variant of sample x s2 s Confidence interval

I 0.0380 3.2 ·10-7 5.7 ·10-4 0.0375 – 0.0384

II 0.0370 9.9 ·10-7 9.9 ·10-4 0.0365 – 0.0374

III 0.0344 5.9 ·10-8 2.4 ·10-4 0.0341 – 0.0346

IV 0.0397 4.5 ·10-8 2.1 ·10-4 0.0394 – 0.0401

Table 2
The statistical significance 
of differences of the 
thermal conductivity 
of different thermal 
insulation materials

The variant 
of sample

Statistic p-value Outcomes

I 0.254 0.682

0.682 > 0.05. Therefore, the hypothesis about equality of the averages 
of the dependent variable interval (μ) is not excluded. The averages of 
thermal conductivity do not differ a statistically significantly. The value 
λ does not depend on the type of thermal insulation material.

II 3.971 0.081

0.081 > 0.05. Therefore, the hypothesis about equality of the averages 
of the dependent variable interval (μ) is not excluded. The averages of 
thermal conductivity do not differ a statistically significantly. The value 
λ does not depend on the type of thermal insulation material.

III 3.991 0.116

0.116 > 0.05. Therefore, the hypothesis about equality of the averages 
of the dependent variable interval (μ) is not excluded. The averages of 
thermal conductivity do not differ a statistically significantly. The value 
λ does not depend on the type of thermal insulation material.

IV 0.06 0.812

0.812 > 0.05. Therefore, the hypothesis about equality of the averages 
of the dependent variable interval (μ) is not excluded. The averages of 
thermal conductivity do not differ a statistically significantly. The value 
λ does not depend on the type of thermal insulation material.

Evaluation of the moisture content of the ETICS

When the moisture content of the natural ETICS systems containing EPS and MW thermal insula-
tion materials determination research was carried out, it was determined that the moisture content 
of expanded clay and insulation material did not exceed the normal limits (Fig. 4). It was also found 
that the outer surface of the expanded clay under the MW slabs was drier than under EPS slabs. 

Fig. 4
Moisture content of ETICS 
with different thermal 
insulation materials
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When evaluating the interlayer of the thermal insulation material and thin-layer plaster, it was 
found that the most favourable moisture behaviour is that of a system with EPS. However, when 
a thin layer of water vapour permeable plaster is used in systems with MW thermal insulation 
material, moisture behaviour in the interlayer does not exceed the normal limits.

Water vapour permeability values of EPS and MW products differ, therefore, the wall drying condi-
tions vary. When evaluation the changes of moisture content in time in ETICS systems with differ-
ent thermal insulation materials, it can be stated that the drying conditions are more favourable in 
the ETICS system with MW insulation materials (Fig. 5). The results show that the influence of the 
moisture permeability coefficient of the thermal insulation material is more important when the 
structure is drying, and not getting wet (Ramanauskas and Stankevičius, 2000).

Fig. 5
The moisture content of 

the wall connected to the 
thermal insulation layer

After reviewing the research results, it 
can be stated that the moisture condition 
of the ETICS system is influenced not by 
the thermal insulation material type, 
but by the type of external thin layer of 
plaster used, based on the water vapour 
permeability and absorption properties 
(Šadauskienė and Šeduikytė, 2013). If the 
thin layer of plaster is impervious to water 
vapour, it can prevent the wall from drying. 
Then the moisture will accumulate in the 
wall. When the wall gets cold, it will ex-
pand, and the thin layer of plaster will start 
cracking. Due to the cyclically repeated 

freezing-heating process, the wall may be damaged. That system will not be durable. 

The water vapour permeability of thin layer render in the ETIC which is based on EPS shall be less 
than 20 g/(m2d) (EN 13499). The water vapour permeability of thin layer render in the ETIC which 
is based on MW shall be less than 40 g/(m2d) (EN 13500). However, in both cases (using EPS and 
MW thermal insulation layers), the correctly designed structures and the used of certified ETICS 
that have technical certificates, the influence of the moisture content on the system durability will 
not be significant. This means, that the installation of fire barriers in the ETICS systems with EPS 
products or covering the openings with MW, it is necessary to choose the exterior thin layer of 
plaster that is permeable to water vapour. Then, the ETICS system will be durable and will ensure 
the safety of the society and residents in case of fire.

Thermographic, visual and population survey research

During the visual research, no defects or surface decay were noticed in the outer thin layer of 
plaster (Fig. 6).

Fig. 6
Results of the visual 

research
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Fig. 7
Results of the 
thermographic research 
in the jamb zone outside 
of the building

Fig. 8
Results of the 
thermographic research 
in the jamb zone inside 
the building

Positive results were obtained after the thermographical research as well (Fig. 7). The effect of thermal 
bridges is clearly visible through thermal insulation layer fasteners and window frames in the thermo-
graphic pictures. This shows that different low thermal conductivity values of EPS and MW insulation 
materials do not have any influence on the functional operation and durability of the ETICS system.

The results of the population survey show that 95% of the population is satisfied with the installa-
tion of the combined system into ETICS; they did not notice any defects and did not feel cold next to 
the MW and EPS slab contact zones at the wall. And they are confident that such a system is safer 
in a case of a fire. 5% of residents did not answer this question.

The results of the thermographic research which evaluated the jamb zone from the inside of the 
building (Fig. 8) show that the leaks are positioned next to the contact zone of the window frame 
and the wall, and thermal bridges form in this place. However, MW and EPS slabs contact zones 
are not identified due to the difference in surface temperature.
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Conclusions
In order to implement the public and residential safety policy in the EU, the use of fire safety 
preventive measures in the ETICS systems should be legalised and a harmonised standard corre-
sponding to a real fire scenario should be adopted. Passing on the advanced international experi-
ence and harmonisation of standards would contribute to energy, public and environmental safety 
policy not only in Lithuania but also in the European context.

In multi-storey residential buildings with exterior walls that are insulated with the ETICS system 
containing a low reaction to fire class insulation material, passive fire protection barriers made 
from non-combustible construction products should be installed.

Research has shown that the ETICS systems with polymeric foam insulation material and in-
stalled fire safety measures (fire barriers) from non-combustible thermal insulation construction 
materials (mineral wool) can be used when the water vapour permeability of the exterior thin 
layer of plaster is sufficient to ensure the favourable moisture behaviour in the wall.

In operated buildings that have walls insulated using ETICS with EPS products and installed MW 
fire barriers, no external defects or changes in thermal properties in real operating conditions 
were detected.

The results show that different low thermal conductivity values of EPS and MW insulation materials 
do not have any influence on the general functional operation and durability of the ETICS system.
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