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Gabriella Laszlé’

The Effect of Radiant Heat on Polystyrene
Thermal Insulation Materials

As a result of the increasingly stringent enerqy requirements of recent years, the issue of facade
thermal insulation is gaining more and more prominence. Due to these requirements, layer thickness
of insulation increases, or the use of materials with a better coefficient of thermal conductivity
is preferred. These requirements are met by polystyrene insulation materials. Therefore, it is
extremely important to know as much as possible the behaviour of polystyrene thermal insulation
under the influence of fire and radiant heat. Its regulation is not coordinated in Europe, and the
effect of radiant heat is not addressed by any country’s standard. In this paper, the behaviour
of polystyrene thermal insulations, which are densely used in Hungary is examined, under the
influence of radiant heat.

Keywords: facade fire spread, radiant heat, polystyrene thermal insulation, facade thermal
insulation, fire safety

Introduction

Nowadays, still relatively few people are engaged in fire protection of facades and research on
the possible spread of fire. When some major fire happens, fire protection becomes a central
theme for a while, and then over time it is again forgotten. Fires inside buildings affects directly
or indirectly building structures, installed thermal insulation and other materials during its
spread. Thus, the fire safety examination of the behaviour of the applied building materials
under the influence of the heat load generated during combustion has become a particularly
important and topical issue.? In the aspect of human life protection, residential buildings pose
the greatest risk, since human habitation is permanent there — statistics show that the rate
of burns and suffocatings caused by flames cannot be permanently reduced to less than 5%
of the number of accidents at home.? In addition, the escape capacity of the occupants can
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be very diverse, and there is usually no built-in fire alarm or fire extinguishing system.* Thus,
during a fire, the flames can quickly reach the facade and endangering the inhabitants of the
other floors. In the case of apartment fires, the second most common form of fire spread - after
horizontal spread inside the dwelling — is facade fire spread.® In case of residential buildings,
the most commonly used insulating materials — due to their more favourable price and good
coefficient of thermal conductivity — are various polystyrene ones. Surveys also confirm
this fact.® Furthermore, the emphasis of polystyrene insulation is increasing by the energy
requirements in Europe in recent years.” As a result of the regulations, either a thicker insulating
layer is applied to new buildings or a thermal insulation material with a better coefficient of
thermal conductivity (A) must be used. For the time being, these requirements can only be
met by combustible insulation materials.

A large-scale examination of a thermal insulation fagade system abroad revealed that
polystyrene thermal insulation® behaves extremely poorly under the influence of fire.® Studies
and simulations have already been carried out to investigate the spread of fire on the facade
depending on placement of doors and windows — placed in the plane of wall, or in the plane
of insulation —, the effectiveness of the application of rock wool above or between doors
and windows, and the effectiveness of test methods used in Europe.’ Some literature deals
specifically with polystyrene thermal insulation and the evaluation of their test methods."”
The behaviour of combustible slab insulation in the event of fire has also been investigat-
ed.”? However, few people have addressed and there is no standard for what happens with
polystyrene insulation under the influence of radiant heat. It is possible that even if a fire in
a neighbouring building or near the building does not spread to it, it can be seriously affected
even under the plaster due to the heat load generated by the combustion.

The purpose of this paper is to study the behaviour of various polystyrenes. EPS with
graphite additive and XPS polystyrene is investigated under the influence of direct radiant
heat. Laboratory testing of the above-mentioned materials is presented.

Requirements for facade fire spread

The rate of energy efficiency of buildings is regulated and prescribed by the European Union.
Energy efficiency can be achieved by reducing energy demand. The first step of it is to create
the correct thermal envelope of buildings i.e. proper thermal insulation.” Thus, the issue of
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facade fire spread has become a controversial topic nowadays. The examinations required to
place the building materials used on the market are the same in the EU. However, looking at
the regulations on facade fire spread, we can find very different test methods and criteria in
different countries.™ As a first step towards harmonising standards, a study was conducted
in 24 European countries, collecting and comparing facade testing methods. In the survey,
14 out of 24 countries make requirements for facade systems and examine features that are
not included in the already harmonised EN 13501-1 and 13501-2 standards. The targets of
these requirements and tests are shown in Table 1 by the countries they are applied in.

Table 1: Fagade fire spread test criteria

Regulated characteristics SK HU CH SE AT |DE-DIN| FI PL [GB,IE| FR | DK,NO
Fire spread - vertical X X X X X X X X X X X
Fire spread - horizontal X X X X X X
Fire spread - internal X X X X X X X X X X
Fagade + slab connection X X X
Smouldering X
Falling pieces X X X X X X X X X
Smoke X X
Heat (temperature or flux) X X X X
Details (window opening, X X X X
fire suppression)

Source: compiled by the author based on Anderson et al. 2021

It can be seen that quite a few different factors are being examined by different countries,
however, the behaviour to radiant heat is not among them. In the following table (Table 2),
the names of each standard, the countries in which they are applied, and the main criteria for
the standards are collected. It can be observed that neither the size or process of fire, nor the
size or design of the object, nor even the test criteria are the same. Thus, the result obtained
in one test cannot be compared with another. Practically in the case of a facade system, it is
necessary to carry out a test before being placed on the market in each country.

Table 2: Fagade fire spread tests in Europe

MSZ OnormB DINE PN-B- ISO I1SO
Standard | BS8414-1 | LEPRIL | 4 800.6 | SPFRET105 | 3800.5 | 410220 02867 13785-2 | 13785-1
Country UK, IE FR EN NO, DK, SE AT, CH DE, CH PL SK Ccz
Fire wood stack, | 600 kg of 650 kg of 60 L of 25 kg of 25 kg of 20 kg of calibrated, propane
exposure max. heat | wood stack | woodstack/ | heptane wood / wood / wood stack propane 100 kW
3.5 MW, 10 kg of 320 kW of 320 kW of + air flow
4500 M) diesel propane propane blowing
towards the
wall (2m/s)
Max heat 70 kW/m?, not deter- not deter- 15 or 80 not deter- | 70-95kW/m? | not deter- | 55kW/m?at | not deter-
fluxonthe | atanaltitu- mined mined kW/m? mined at Tm height mined an altitude mined.
surface de of Tm of 0,6 m

™ LESTYAN 2020.
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MSZ OnormB DINE PN-B- ISO ISO
Standard | BS8414-1 | LEPRIL | 4 800.6 |SPFRE195| 38005 | 410220 | 02867 | 137852 | 137851
Country UK, IE FR EN NO, DK, SE AT, CH DE, CH PL SK cz
Max 600°C/20 average 600°Cin 450°C/12 | notdeter- not deter- | 800°C tem- | min.800°C | max150°C
tempera- min 500°C, 0.5 mhigh/ min mined mined perature - at0.5
ture on the peak 800°C 50 min maximum altitude
surface
Test 30 min min. 30 min 45 min min. 12 min 30 min 21 min gas, 30 min 23-27 min 30 min
duration 30 min
wood
Test type corner, flat wall flat wall flat wall corner 3x6 corner flat wall 2.3 corner corner
2.5x8.0+ 50x74m 6,0x70m | 40x6,7m +2x6m 3x52+ m high 3x57+ 1.2x2.4+
1.5x8.0m 2x52m 12x57m | 0.6x2.4m
Base masonry or | not deter- masonry aerated aerated aerated masonry not deter- 12 mm
structure | light frame mined concrete concrete concrete mined Ca-Si sheet
Criterion heat. flame on tempera- flames on tempera- tempera- tempera- no no
boundaries the 2 ture rise, 2" floor, ture rise, ture rise, ture limits,
floor spread of falling fire spread, | fire spread, burning
fire, falling pieces falling falling particles
pieces pieces pieces

Source: compiled by the author based on Anderson et al. 2021 & EU Commission 2020

In a word, the energy requirement is becoming more and more stringent in Europe, which
means that we have to use ever thicker layer of insulation, however, there is no harmonised
standard for facade fire spread testing, so the requirement, test aspects and test process
also varies from country to country. Additionally, programs for insulating panel buildings
subsequently have also been launched, which in many cases are implemented incorrectly.

Setting up of a laboratory experiment

Examined specimens

First, the specimens had to be prepared. They were cut out with laser cutters from thermal
insulation material left on construction site. The specimens had a uniform cross section size
of 10 x 10 cm and a length corresponding to different thicknesses. During the test, samples
of different thicknesses (80, 100, 120, 140, 150, 160) as well as samples of approximately
the same thickness, but from different manufacturers (manufacturer A, C, D) were also
examined from both types of thermal insulation (graphite expanded polystyrene foam, GPS;
extruded polystyrene foam, XPS). The GPS specimens are shown in Figure 1, while in Figure 2
the XPS specimens can be seen after the test. Samples covered with plaster were also tested
(Figure 3). These samples were marked with a “V". The plaster was 3 mm thick and consisted
of a reinforcing coat laid in a base coat of mortar, finished with silicone colouring plaster. The
marking and characteristics of the specimens are shown in the table below (Table 3).
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Table 3: Test specimens (GPS — expanded polystyrene foam with graphite, XPS — extruded polystyrene foam,
GPS-V - plastered graphite expanded polystyrene foam, XPS-V - plastered extruded polystyrene foam)

) . . ) . Manufacturer
Specimen Width (mm) Height (mm) Thickness (mm) Weight (g) JProduct
GPS1 100 100 160 25,27 Cc/2
GPS2 100 100 140 21,89 C/2
GPS3 100 100 100 16,23 C/2
GPS4 100 100 140 21,74 C/3
GPS5 100 100 80 12,52 C/3
GPS6 70 100 100 16,86 A2
XPS1 100 100 140 46,19 C/4
XPS2 100 100 120 37,87 C/5
XPS3 100 100 100 28,14 Cc/6
XPS4 100 90 100 28,69 D/1
XPS5 100 90 120 32,62 D/1
XPS6 100 90 150 41,87 D/1
GPS-V1 100 100 140 64,65 C/3V
GPS-V2 100 100 140 61,66 C/2V
XPS-V1 100 100 140 92,41 C/4v
XPS-V2 100 100 120 93,31 C/5V
XPS-V3 100 100 150 107,44 c/6V

Source: compiled by the author

Figure 1: GPS specimens after test — from left to right GPS1-GPS6
Source: compiled by the author

Figure 2: XPS specimens after test — from left to right XPS4-6, XPS3-1
Source: compiled by the author
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Figure 3: Plastered specimens after test — from left to right GPS-V1-2, XPS-V1-3
Source: compiled by the author

The placement of thermocouples

The measurements were carried out using a heat source with adjustable temperature (500 °C),
the thermal sensing thermocouples placed in front of and inside the test specimen and the
connected six-channel data logger. The measurement results were recorded by a computer
attached to the data logger. Figure 4 and Figure 5 show the used equipment and the mea-
surement sketch.
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Figure 4: Devices used for the measurement
Source: compiled by the author

In each sample, the thermocouples were placed at a depth of 5 cm from the side at a distance
of 3 cm from each other (Figure 5), and then the sample was fixed on the frame. During the
measurements, the temperature of the heat source was set to 500 °C, the sample was fixed
5 c¢m in front of the heat source. The thermal sensor in front of the specimen (mounted on
the frame) was located in line with the specimen at 5 cm from the heat source and was set
at 100 °C at the start of the experiment. The samples were exposed to radiant heat at 100 °C
for 10 minutes and for 16 minutes for the 20 cm thick sample.
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Figure 5: Sketch of the measurement
Source: compiled by the author

Evaluation of the results of a laboratory experiment

General facts

During the measurements heat release was experienced in each sample after approximately
4 and 8 minutes depending on the type of insulation. The temperature at the first thermal
sensor placed in the sample (In1) increased above 110-140 °C. This suggests that exothermic
processes begin after a short period of time in polystyrene samples even under the influence
of a heat load of 100 °C. In case of GPS, this occurred 6-8 minutes after the start of the
experiment and 4-5 minutes in case of XPS.

As for the plastered specimen, the plaster delays the start of the exothermic process by
4-5 minutes. During the measurements, the highest temperature values were measured at
the first measuring point i.e. in line with the surface of the sample. The results are summarised
in Figure 6. The highest temperature values were measured for XPS specimens, regardless of
size. GPS samples produced nearly identical values, except for one or two outliers. However,
the outliers belong to the products of another manufacturer, which suggests that the com-
bustion properties of the same type of thermal insulation may also differ from manufacturer
to manufacturer. The plaster-coated GPS and XPS samples all produced higher maximum
temperatures than the uncovered ones.
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Figure 6: Maximum temperature of specimens
Source: compiled by the author based on measured data

Before and after the measurement, the mass of each sample was weighed to determine the
loss of mass (Fig. 7.). Results are similar to the maximum temperatures. The loss of mass of
GPS specimens is almost the same, between 0.1-0.25 g. In all XPS specimens a greater loss of
mass is observed than the GPS, which is 0.3-0.5 g. But the greatest loss of mass was observed
in plastered samples. For plastered GPS samples, this means nearly 0.8 g, while for coated
XPS samples, values above 1.0 g were measured.
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Figure 7: Loss of mass of specimens
Source: compiled by the author based on measured data
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Comparison of products from different manufacturers

As it was mentioned before, according to temperature measurements, products from other
manufacturers behaved differently during the test. So, the phenomenon for both types of
thermal insulation was investigated. In Figures 8 and 9, the temperature-time curves of GPS
and XPS facade thermal insulation can be seen measured with sensors located inside the

sample at 3 cm (In1) and 6 cm (In2) thickness. The colours and the markers symbolise the
different manufacturers.
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Figure 8: Comparison of the temperature of graphite EPS facade thermal insulation from A/2 (GPS6) and C/2 (GPS3)
manufacturers (left) and C/3 (GPS4) and C/2 (GPS2) manufacturers (right) measured with [n1 and [n2 sensors
Source: compiled by the author based on measured data

In the case of GPS (Figure 8), one of the samples was 100 x 100 x 100 mm (GPS3), and the
other (GPS6) was 70 x 100 x 100 mm (its cross-section, unfortunately, is different, but its
thickness is the same). Although the cross-sectional size of the GPS6 sample was smaller,
it apparently caused much greater heat evolution, with a persistent deviation of 20 °C.

Specimens in the right diagram are each 100 x 100 x 140 mm. GPS2 has a manufactured
coated surface, designed to slow down the heating of thermal insulation to solar radiation.
It also performed this function against radiant heat, as it warmed up more slowly than the
uncoated sample. However, beyond one point (probably when the coating has melted off
the insulation), it shows a much higher value, differs 20 °C than the uncoated sample, that
is stagnant around 98 °C.
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Figure 9: Comparison of the temperature of XPS facade thermal insulation from D/1 (XPS4) and C/6 (XPS3) manufac-
turers (left) and D/1 (XPS5) and C/5 (XPS2) manufacturers (right) measured with [n1 and [n2 sensors

Source: compiled by the author based on the measured data

A similar phenomenon can be observed in case of XPS (Figure 9), although there are slightly
minor differences here. Data from sensors at 3 cm (In1) and 6 cm (In2) were examined also
here. Specimens in the left diagram have dimensions of 100 x 100 x 100 mm (XPS3) and
100 x 90 x 100 mm (XPS4). In case of the sample with a smaller cross-section (XPS4), faster
heat development can be seen, however, the maximum values became almost the same for
the two manufacturers. Specimens in the right diagram are 100 x 100 x 120 mm (XPS2) and
100 x 90 x 120 mm (XPS5). Here, interestingly, the smaller cross-section (XPS5) sample
warmed up more slowly, but then again achieved similar maximum values with the sample
from the other manufacturer. So, in the case of the XPS, the process of warming up and heat
development differs rather, the maximum temperature values are about the same.
Considering the experiences of the figures above, it can be clearly stated that the behav-
jour of thermal insulation under the influence of thermal radiation differ depending on the
manufacturer, and consequently so do their combustion properties. This may be one of the
reasons why very different values have been reported in literature and publications about
the melting point, ignition temperature and heating value of the same type of polystyrene.

Summary

During the laboratory tests, exothermic processes with thermal development were experien-
ced in polystyrene specimens even under the influence of a relatively low (100 °C) radiant heat
source, started after different periods of time depending on the type of thermal insulation.
Mass loss and deformation was also experienced in the specimens.

The highest heat release, the highest temperature and the greatest loss of mass were
measured in XPS thermal insulations. There was no significant difference among the results
of graphite EPS. Plaster-coated specimens usually warmed up more slowly, but then reached
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a higher temperature than uncoated samples. An interesting observation was that there was
a difference in the combustion properties of the products depending on the manufacturer for
the same type and size of sample. Thus, the behaviour of polystyrene under the influence of
thermal radiation depends not only on size, but the type and also the manufacturer.

In order to know this phenomenon more accurately, it is necessary to conduct additional
studies. The analysis of the phenomenon of facade fire spread and thus the increase of fire
safety in residential buildings is promoted with this research.
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