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ABSTRACT 

 
With the increasing use of combustible materials in façades to reach energy 

performance of buildings, fire safety is a growing issue. Many believe that façades 
have no or little impact on the spread of fire in buildings. Two large scale tests have 
been carried out in Croatia in March and May 2014 by a team of experts from 
Sweden, Slovenia and Croatia and representatives from Fire Safe Europe and Croatian 
Association for Fire Protection. In each test three specimens were constructed where 
three different types of ETICS systems were erected on brick walls. ETICS with 
combustible insulation (EPS) + organic render, ETICS with combustible insulation 
(EPS) + organic render and with fire barriers around the openings and ETICS with 
non-combustible insulation (MW) + organic render were performed and tested. 
Measurements of the temperature change was performed according to BS 8414 on all 
three specimens, by using Type K thermocouples mineral insulated and additional 
temperature measurements were performed by using plate thermometers, together 
with thermo couples, respectively. Load cells were installed in order to monitor the 
change of the mass of the wood cribs, i.e. the rate of fuel consumption. Additionally, 
the specimens were visually monitored and the temperature was measured by using 
the infrared thermography. 

This paper presents the testing results from the test performed in March 2014 of 
these three different types of ETICS system regarding their fire performance according 
to the BS 8414 standard. Through the testing of three different types of ETICS system 
regarding their fire performance it has been revealed that façade fires can in fact 
spread very rapidly depending on the type of materials used. Also existing 
standardized full scale fire tests do not cover all essential parameters for the 
development of a fire. Through the additional measurements carried out during the 
testing valuable information to supplement and upgrade existing fire tests standards 
were gathered. 
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INTRODUCTION 
 

In the European Union (EU), buildings consume around 40 % of energy needs and 
account for 36 % of EU’s CO2 emissions [1]. Energy efficiency is one of the most cost 
effective ways to enhance security of energy supply, and to reduce emissions of CO2 
and other pollutants. EU has set itself a target for 2020 of saving 20% of its primary 
energy consumption compared to projections and this objective was identified in the 
Commission’s Communication on Energy 2020 as a key step towards achieving long-
term energy and climate goals [2]. Thus the importance and volume of renovation of 
the existing building stock in EU is all the time increasing together with increasing 
energy efficiency of new buildings. In order to improve energy performance, reduce 
water and air infiltration, and allow for aesthetic design flexibility many combustible 
materials are used today in commercial wall assemblies, thus increasing fire load and 
decreasing the time it takes for a small fire to accelerate and become a major hazard.  

Since there have been a number of documented fire incidents involving 
combustible exterior walls [3, 4], safety of people and protection of property in case of 
fire should not be sacrificed due to reduced energy consumption. Different types and 
places of an initial fire may lead to a situation, where flames are impinging on a façade 
system. Some of such scenario can include a fire from an adjacent building emitting 
radiation and burning brands which attack the outer wall of a building, a fire directly 
next to the wall of a building, caused for example by a burning waste container or a 
vehicle near the building or fire leaking out of a window after flashover inside a room.  

In the latter case the windows of the room will break; flames will burst out and 
impact the outer façade with a severe fire load. Even without a relevant contribution of 
the outer façade covering, such fires spread upwards. Normally the flames from the 
floor where the fire started will reach the next window above, the window will break 
and ignition of the room interior in the next floor will take place. Then after some time 
the process will be repeated and the flames will spread further upwards [5]. 

It has been widely acknowledged, that the performance of façade cladding systems 
in case of a fire cannot be fully assessed by laboratory tests. While the reaction to fire 
of the components used, can be tested and classified in laboratory tests, for façade 
systems applied on the outside of a wall, parameters like mechanical performance 
(stability, falling of parts, melting) and fire spread in voids can only be assessed by 
using larger scale tests with realistic façade constructions. Here not only the reaction 
to fire of the components is important, but other details, like quality of fixings, fire 
barriers etc. are relevant for the performance in reality [5]. Even if fire spread upwards 
can happen without any contribution of the outer façade cladding, the performance of 
the outer wall is important for safety because no fast fire spread should happen on the 
outer side or within the cladding and insulation system and at the same time no 
burning parts should fall down and endanger fire brigades and people trying to escape. 

This is the reason why full scale tests are done and legislation based on full scale 
assessment is in place in some countries. The problem is that these tests are not 
harmonized and are quite different regarding fire load as well as height and 
configuration of the test rigs, while the assessment criteria are in most cases similar, as 
described in [5]. The European Commission has thus asked European Organization for 
Technical Approvals (EOTA) to develop a harmonized European test method.  

This paper presents findings and the testing results of these three different types of 
external thermal insulation composite system (ETICS) regarding their fire 



performance, all according to the BS 8414-1 standard, which is one of the two 
proposed methods on which future European standard will be based on (the other one 
being DIN 4102-20). ETICS systems are just one of the possible solutions for 
reducing energy requirements of buildings, but are one of the most widely used façade 
systems in EU [6] with more than 160-174 million m2 of ETICS installed per year of 
which 83% is EPS, and 17% other materials [7].  

 
 

TEST METHODOLOGY 
 

The BS 8414-1 [8] test method forms the basis of the full scale test which is 
intended to represent the action of a fire impinging on the external surfaces of the 
cladding system. This type of fire can occur as the result of an external fire in close 
proximity to the building envelope, such as fires involving general waste or malicious 
fire setting or as the consequence of a fire developing to flashover within a building 
and breaking out through a window opening or doorway. This standard primarily 
addresses the refurbishment of existing masonry faced constructions, but can also be 
used for new structures of this type with a masonry substrate [8]. 

Three specimens were constructed according to BS 8414-1 (Figure 1), where three 
different types of thermal insulation systems (TABLE I) were erected on the brick 
wall i.e. combustible expanded polystyrene (EPS) and non-combustible mineral wool 
(MW) insulation, respectively. The same rendering was used for all three specimens, 
i.e. organic rendering (acrylic render) was used. Insulation thickness was 15 cm for all 
three specimens, while on the insulation layer, reinforcing mesh together with render 
base coat and finishing coat were applied. The quantity of rendering on MW and EPS 
insulation was 5 mm and was applied in the same quantity in all three specimens. 

 
 

  
 

Figure 1. Erecting the specimens (left), finished specimens (right) 
 
 

TABLE I. DESCRIPTION OF THE TEST SPECIMENS 
Specimen 

label EPS EPS+MW MW 

Specimen 
description 

ETICS with EPS 
insulation + organic 

render 

ETICS with EPS insulation + 
organic render 

With fire barrier above the openings 

ETICS with MW 
insulation + organic 

render 
Reaction to 

fire 
classification 

B-s2,d0 B-s2,d0 A2-s1,d0 

 

EPS EPS+MW MW 



All details were executed according to the manufacturers’ specifications. Around 
the window opening, flange was insulated with the insulation thickness of 5 cm, while 
all the corners and edges were executed with the aluminum corner elements or metal 
edge strips, respectively. Specimen EPS+MW had the fire protection transom 
positioned at the height of window lintel, which was made of MW insulation with the 
height of 20 cm as shown on Figure 2. 

Measurements of the temperature change was performed according to BS 8414 on 
all three specimens, by using Type K thermocouples (Chromel – Alumel) mineral 
insulated, 1.5 mm nominal diameter with insulated junctions. While additional 
temperature measurements were performed by using plate thermometers, together 
with 1 mm and 3 mm thermocouples, respectively. The ambient temperature at the 
start of the tests was within the range 11.2-12.3 °C. The air velocity in any direction 
was 1.8 m/s at the start of the tests, while during the test air velocity was measured up 
to 5.4 m/s. The data acquisition and audio visual records were commenced at least 5 
min prior to ignition of the fuel source. 

Plate thermometers (PT) were placed 1 cm from the surface of the facades and 
pointing outwards. Four PT’s pointing in this direction was used on each specimen, on 
main face at different heights from the top of the combustion chamber, 1.25 m, 2.5 m, 
3.75 m and 5.0 m, respectively. Two plate thermometers pointing down (PTD) 
towards the fire source were used on each specimen. They were placed on main face, 
at two heights from the top of the combustion chamber, 1.25 m and 3.75 m, 
respectively. Four PT’s were placed in front of the combustion chamber, pointing 
towards the fire source. They were placed at a height corresponding to the top of the 
wood crib. Three PT’s were placed 0.5 m from the wood crib, centrally and at the 
edges of the crib, while the fourth PT was placed centrally 1.0 m from the wood crib. 

Load cells were installed under the wood cribs of specimens in order to monitor 
the change of the crib mass during the test, i.e. change in the energy of the cribs.  

 
 

 
 

Figure 2. Barrier at the lintel of opening – specimen EPS+MW 
Figure 3. Location of 

thermocouples 
 



ANALYSIS OF RESULTS 
 

The temperatures presented on Figure 4 - Figure 9 are average temperatures 
measured on test specimens by external thermocouples as described above, while on 
the other hand Figure 10 shows average temperatures measured by internal 
thermocouples on the main face and the wing of the specimens. 

Figure 11 shows the photograph of the test specimens during the test, where 
almost all the insulation materials on the main face of the specimen EPS burned out 
within 15 min, while the wing burned out within 20 min from the ignition of the wood 
crib. The flame spread over the surface of the specimen EPS both vertically and 
horizontally, followed by the dripping of molten insulation material which was then 
burning continuously on the ground, all accompanied by significant smoke 
production. Regarding the specimen EPS+MW, the extent of flame was close to the 
top of the test wall, with significantly less smoke production at this time compared to 
specimen EPS. Burning droplets did not appear during the test since the rendering 
material was preventing them but molten insulation material was dripping onto the fire 
protection transom as well as on the bottom of the wing where it was burning 
producing smoke at the same time. There was almost no damage on the surface of the 
ETICS after the test, except some cracks above the fire protection transom on the main 
face and burned bottom of the wing. After the removal of the rendering layer, it was 
visible that the insulation material was partially melted. On the other hand regarding 
the specimen MW, there was almost no damage to the rendering material, except few 
cracks above the combustion chamber, all accompanied with significantly less smoke 
production compared to other two specimens. After removal of the rendering, it was 
found that the insulation material was not significantly damaged. 

Figure 12 shows the temperatures measured by PT’s on all three specimens. The 
results show that the specimen EPS emits considerable higher temperatures compared 
with the other two systems. Although also the EPS+MW emits higher temperatures 
compared with the specimen MW, especially at the two lower levels. 

Figure 13 shows temperatures measured by plate thermometers facing down 
(PTD) for all three specimens. The results show that most heat is produced on the 
specimen EPS. Thereafter the specimen MW with noncombustible insulation produces 
the lowest amount of heat. 

 
 

  
 

Figure 4. Average temperatures measured at 
Level 1 

 
Figure 5. Average temperatures measured at 

Level 2 – main face 
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Figure 6. Average temperatures measured at 
Level 2 – wing 

 

 
Figure 7. Average temperatures measured at 

Level 3 
 

 
Figure 8. Average temperatures measured at 

Level 4 – main face 

 
Figure 9. Average temperatures measured at 

Level 4 – wing 
 
 

  
 

Figure 10. Average temperatures measured at 
Level 4 - wing 

 
Figure 11. Specimens during the test 

 
 
Figure 14 shows the mean temperatures from three PT’s placed 0.5 m in front of 

the combustion chamber, and the PT placed 1.0 m from the combustion chamber, 
respectively for all three specimens. When looking at the time derivative of the mass 
loss, see Figure 15, there is a tendency that the mass loss decreases with the 
combustibility of the façade system, i.e. specimen MW has a faster mass loss 
compared with the others, while the slowest mass loss has the specimen EPS. 
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Figure 12. Temperature measured by PT facing 
outwards from the façade  

 
Figure 13. Temperature measured by PTD 

pointing towards the fire source  
 

  
 

Figure 14. Temperature from the PT’s placed 
0.5 m and 1.0 m from the combustion chamber 

 
Figure 15. Derivative of measured mass loss of 

the fire sources during the test  
 
 

After 5 minutes, when the specimen EPS fails, the rate of the mass loss decreases. 
For the specimen MW there is an oscillation in the rate of mass loss. This could be due 
to effects by the wind since this test specimen was directly hit by the wind, and the 
other ones were placed in lee of this specimen. The measured temperatures on the 
position MW PT L1, see Figure 12, and the rate of mass loss, Figure 15, from 5 
minutes to 13 minutes are comparable (the oscillations), but with opposite directions. 

 
 

CONCLUSIONS 
 

This paper presents the testing results of these three different types of ETICS 
system regarding their fire performance according to the BS 8414 standard. Through 
the additional measurements carried out during the testing valuable information to 
supplement and upgrade existing fire tests standards were gathered.  

From the test results shown in this paper it can be concluded that special 
provisions need to be taken, to deal with the melting and shrinking of EPS even if 
protective covering layers are in place. Additionally if outer layers are damaged, or 
open at the lintels, fast fire spread in the void can happen. In order to prevent this, 
different provisions can be used, like barriers above (and around) openings like 
windows and doors of non-melting material (MW); horizontal barriers around the 

0

100

200

300

400

500

600

700

800

900

1000

0,0 10,0 20,0 30,0 40,0 50,0 60,0

Te
m

p
er

at
u

re
 [°

C
]

Time from start (minutes)

MW distance 0.5 EPS+MW distance 0.5 
EPS distance 0.5 MW distance 1.0
EPS+MW distance 1.0 EPS distance 1.0

0

2

4

6

8

10

12

14

16

18

20

0 5 10 15 20 25

D
er

iv
at

iv
e 

o
f m

as
s 

lo
ss

 [k
g

/m
in

u
te

]

Time from start (minutes)

MW LC

EPS+MW LC

EPS LC



building between different floors and/or good quality of mortar and reinforcement 
layers. 

It was proved here that fire protection transom significantly reduces the 
temperature developed vertically along the façade, but such system still cannot be 
compared with the ETICS with MW insulation regarding the temperature profiles, 
smoke generation and burning droplets which appeared on both systems with EPS.  

More research is needed to calibrate the harmonized European standard for full 
scale façade testing. The current test methods do not consider detailing which may 
influence the fire spread, and thus the robustness of the façade system. This can be 
details such as cable or ventilation penetrations, dilatation joints and other features that 
can affect the fire performance. Another important issue is the repeatability and 
reproducibility which is important if one wants to harmonize the test method. The 
results showed that the wind affects the burning of the wood cribs, which is quite 
natural. Although, it is important that environmental factors such as wind (ventilation), 
ambient temperature are controlled and within certain limits. It is also of great 
importance that a well-defined fire source is used. In the present study it was observed 
that the fuel consumption of the wood crib was lower for the façade which was 
burning the most. An alternative can be to use premixed propane burners which would 
give the same heat exposure independent on the burning rate of the specimen. 
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