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j P Introduction to fire tests according to EN 45 545-2
(ISO 5658-2:2006, ISO 5660-1:2002)

In the past, materials were investigated according to the old Austrian Standard VORNORM
ONORM B 3800-2 (Behaviour of building materials and components in fire; building materials:
requirements and tests; 1. 12. 1988) regarding the designation low combustibility (combustibility
class B1) and moderately combustible (combustibility class B2) including the characteristics such
as smoke production and droplet formation at the TGM fire testing laboratory.

After the catastrophic fire of the Kaprun glacier funicular 2 in 2000, the work environment and the
fire safety investigation of constituents of coaches was substantially expanded. It liaises with the
fact that all interior fittings of coaches of the OBB were fire-safety tested approximately in
accordance with DIN 5510-2. Shortly after the incident of Kaprun, all components were tested and
found to correspond to the interior fittings of coaches OBB the fire safety requirements
approximately according to DIN 5510-2 (Preventive fire protection in railway vehicles — Part 2: Fire
behaviour and fire side effects of materials and parts; classification, requirements and test
methods, Draft February 1996).

The fire testing of materials according to EN 45 545-2 (Railway applications — Fire protection on
railway vehicles, Part 2: Requirements for fire behavior of material and components, March 2013)
is done according to ISO 5658-2 (Reaction to fire tests — Spread of flame — part 2: Lateral spread
on building and transport products in vertical configuration: 2006) and ISO 5660-1 (Reaction-to-fire
tests — Heat release, smoke production and mass loss rate — Part 1: Heat release rate; cone
calorimeter method: 2002) and is carried out at the fire testing laboratory. The toxicity tests and
smoke tests according to ISO 5659-2 (Plastics — smoke generation — Part 2: Determination of
optical density by a single-chamber test: 2006) are done by another institute (ofi) in Vienna.
Concerning the tests of ISO 5658-2 and ISO 5660-1 we are an approved fire laboratory by
CERTIFER (Railway Certification Agency) allowed to perform tests according to EN 45 545-2.

1.1 Fire Test according to ISO 5658-2:2006

The testing according to ISO 5658-2 specifies a method of testing for measuring the lateral spread
of flame along the surface of a specimen of a product orientated in the vertical position. It provides
data suitable for comparing the performance of essentially flat materials, composites or assembly
that are used primarily as the exposed surface of walls in buildings or transport vehicles, such as
ships and trains.

A test specimen (800 mm x 155 mm) is placed in a vertical position adjacent to a gas-fired radiant
panel where it is exposed to a defined field of radiant heat flux for a time of 10 minutes. Following
ignition, any flame front that develops is noted and the results are expressed in terms of flame
spread distance and at least the critical heat flux at extinguishment (CFE).

Messwerte und Sollwerte nach EN I1SO 5858-2
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12 Fire Test according to ISO 5660-1:2002

The test according to ISO 5658-2 specifies a method for assessing the heat release rate of a
specimen exposed in the horizontal orientation to controlled levels of irradiance with an external
igniter. The test method is based on the observation that, generally, the net heat of combustion is
proportional to the amount of oxygen required for combustion. Approximately 13.1 MJ of heat are
released per kilogram of oxygen consumed. During the test specimens are burned under ambient
air conditions (radiation in the range of 0 to 100 kW/m?) and at the same time oxygen concentration
and exhaust gas flow rates are measured. Using these measurements the Average Rate of Heat
Emission (ARHE) and then the Maximum Average Rate Heat Emission MARHE are calculated.

The principle of the MARHE Calculation is shown in the following diagram.

The calculation of MARHE from the measured heat release rate (HRR measured in kW/m?).
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2. Examples of Fire Tests according to ISO 5658-2 and ISO 5660-1

In the following a number of examples of tests according to the mentioned standards are
presented. Fire tests of materials according to EN 45 545-2 are carried out according to
ISO 5658-2 and ISO 5660-1.

2.1 GFK Material 4 mm with glas fibre + polyester resin

The testing of this GFK Material shows a significant difference of the heat release rate measured
according to ISO 5660-1 between the outside and the rear side of the material. The outside shows
a significant influence of the painting and gel coat while the heat release rate of the rear side is
influenced by the top coat. In the following the results of 3 measurements per sample (diagrams)
are shown.

GFK outside (green painted front side) GFK rear side (grey color)
Gel coat Top coat
MAHRE 62 kW/m? MAHRE 78 kW/m?
S N .
painted front side [ rearside
250 I o ) ! 250 -
| E:: rzm..__ - s o
=" | ,E 150 - - . e
FRC o e At :
| g S0 5 50 f = L _.“K
= 0 l-_d E; = — T o0 heemed it . !
50 @ 200 400 G00_____Boo 000 1200 50 0 200 403 600 800 1000 1200
Time [s] |
| | Time [s]
——HRR_doen_Nri[kW,m? ——HRR_cber _Nr2 [kw/m?] —— HRR_unten_Nrifkw/~" e 43R _unten_Nr2[kw/m?3
= 1IHR_nhen_Nri[kay/~?] | e HRR_unlen_Nr3[kWi/-2'

L == — = =

The spread of flame testing according to 1ISO 5658-2 of this GFK material shows no significant
difference between both of the different sides of the material.

GFK green outside CFE =22 kW/m? GFK grey inside CFE =22 kW/m?
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2.2 Material named GFK Pultrudat thickness 2.9 mm

The testing of this GFK material was made for research purposes.

Laminate

Reinforcement glass fiber roving

— E-glass

Glass fiber mats

Matrix unsaturated polyester resin with
Lp for high surface quality halogenfree
Surface polyester veil on visual outside of the
profile

Fiber weight content 48% tolerance + 5%
Profiles were painted

The picture shows the GFK material before
and after the Cone test with the different
layers of the glass fibre roving.

This material was radiated with different radiation intensities to study the heat release rate of this
GFK material. It is clear that another heat radiation intensity yields to a different time when the
material ignites. The time to ignite the material depends on the heat radiation intensity which is
analyzed later.

Heat release rate (HRR) dependent on the radiation intensity
300

[
wn
(=}

200
:E.. 150
2 ~
& 100
£
50
0 ~
0 100 200 300 400 500 600 700 800
0 Time s
—GFK 25kW/m?_HRR —GFK_35kW/m?_HRR
GFK_50kW/m?_HRR —GFK_75kW/m?_HRR

—GFK_100kW/m?_HRR

The results in figure above show that, in general, shortly after the ignition at higher radiation
intensities, a large amount of heat is released. Upon irradiation with 75 kW/m? the highest amount
of heat (HRR peak) is released and on exposure to 100 kW/m? a smaller amount of heat (HRR
peak) than at 75 kW/m? is measured, as can be seen in the following table.

This can be explained as follows: Upon irradiation with 100 kW/m? the heating leads to (short)
strong fumes (outgassing) almost simultaneously with the ignition of the material and thus the heat
release is reduced. Upon irradiation with 75 kW/m?, however, a rather uniform smoke formation
takes place as may be seen from the figure of the smoke production rate dependent on the heat
radiation intensity.

leemse the respectlvely extmctlon-coefﬁcrent and the temperature of the surface were measured

the smoke production.
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What is noticeable about this GFK - product is that, strong fumes (outgassing) form up at the
beginning even before ignition. The outgassing is caused by low molecular weight molecule
fractions which evaporate before. This brief strong degassing takes place, especially in the middle
of the plate so that the specimen is deformed (just before the inflammation) in a small area and a
noticeable sound is heard as well.

The following two diagrams show the measurement of the
Temperature °C: blue line
Extinction coefficient 1/m (Smoke production) black line
Heat release rate HRR kW/m?2 red line

dependent on time and is shown for 2 different radiation intensities.

The material ignites approximately at a temperature of 340 °C.

25 kW /m? HRR, k (Smoke production) and Temp 50 kW/m? HRR, k (Smoke Production) and Temperature I
200 3 a0 3
¥ 700 ) "
] 600 e — ‘E‘ i ] i ‘5
}- =
L 15 'E ; 0 13 g |
c
% 300 1 3 1 § I
5 s |
? o 05 £ § |
Z 100 | | 2 SE |
E (] E e« ke € |
T o0 € g © & |
100 e e e OM_JOF SO 0N W ] ] M W0 40 s M0 0 A e
Time s | 100 05
i Time s
— GFK_25kW_Thermo_HHR —GFK_25kW_Thermo_*C
— GFK_SOKW_Therma_HHR —GFK_SOKW_Therma_*C
= T
GFK_25kW_Thermo_k —GFK_SOKW_Thermo,k

In the following table the results of measurements with a Cone calorimeter of a GFK product at
different radiation intensities are presented.

HRR - Heat release rate (kW/m?)

HRR peak - Peak heat release rate (kW/m?)

EHC - Effective heat of combustion per mass (MJ/kg)
SPR - Smoke production rate (m?/s)

Radiation intensity | MARHE | HRR peak EHC SPR Time to Burning Time
[kW/m?] [kW/m?] [kW/m?] [MJ/kg] [m?*/s] ignite [s] [s]

25 67 133 20.0 0.0083 143 385

35 81 132 19.6 0.0091 82 363

50 104 181 19,1 0.0119 48 316

75 145 263 19.4 0.0179 23 335

100 137 227 18.7 0.0225 18 284

The time until the ignition of the material depends on the radiation intensity which is shown in the
table above When radiated with hlgh mtensﬂy, the material |gn|les very quzckly, whlle the expo

shown graphically.

Bahntechnik akluell (Bd. 54) ISBN 978-3-940727-47-3

www.railway-network.eu/fire-safety




FIRE SAFETY Proceedings of the 71" International Symposium %;
2015 FIRE SAFETY IN RAILWAY SYSTEMS | ;

ifv Bahntechnik

From the literature [James G. Quintiere: Principles of Fire Behavior, Delmar Cengage Learning,
1998] the following relationship results

¢ =Ck Tignition — Tambient 2
ignition — L.K.p.C Heat Fhix
C constant, k thermal conductivity, p density, ¢ specific heat

Tigniton T€Mperature at ignition, Tampient ambient temperature, heat flux — radiation intensity

The transformation of the equation above, for the relationship between the radiation intensity and
the square root of the inverse tigniion (time to ignition) results in a linear relationship. In the following
diagram on the right side this relationship is shown and it shows up as the theoretically expected
linear dependence.

W 200 - 0,25 -
2 02

g 150 . ;

-25 - g go,is -

£ Eo 01

g » 5§ 005

% 0 - . y 0 - — . :
E 0 50 100 150 0 50 100 150
L Radiation intensity kW/m? Radiation intensity kW/m?

The time to ignite is dependent on radiation intensity and the radiation intensity depends nearly
linear on the parameter 1/Vtigniion-

The following figure shows that during a short time relatively strong fume (extinction-coefficient) is
evident especially when radiated with 100 kW/m?, whereas at the other radiation intensities a more
uniform smoke production can be detected during a longer time range.

Qualmbildung (Extinktionskoeffizient) bei
Bestrahlung mit 25,35,50,75 und 100 kW/m?
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With the results of the table above the smoke production rate (SPR) increases approximately
proportional to the intensity of irradiation which the following figure shows.

0,025
[- 4
0,02
B o015
B ¥
S% 001
=
: 0,005
5 0
< 0 50 100 150
Bestrahlungsintensitit kW/m?

23 Heat release rate of PMMA dependent on the radiation intensity

Tests of a PMMA material were carried out for own research purposes.

The following figure shows the heat release rate for different radiation intensities in the range of
15 kW/m? to 100 kW/m>2. These different radiation intensities which ignite the material occur at
different time spans.

Heat release rate of PMMA at radiation intensity of
15 kW up to 100 kW/m?

1800
1600
1a00 {— A
e
_ 1000 7 3
“'E 800 =
s 600 - s e
= 400 - AL ‘.
s il T
o M/ / /SONNSIS. NN |
0 200 400 600 800
—PMMA av. 15kW/m? —PMMA av. 20 kWim? ~—~PMMA av. 25 kW/m?
—PMMA av. 30 kW/m? —PMMA av. 35 kWim? —PMMA av. 40 kW/m?
—PMMA av. 45 kW/m? ~—PMMA av. 50 kW/m? —PMMA av. 65 kW/m?
—PMMA av. 75 kW/m? —PMMA av. 100 kW/m?

From the literature [James G. Quintiere: Principles of Fire Behavior, Delmar Cengage Learning,
1998] the following relationship is used to show the relation between the time to ignite (tigniion) and
the heat flux which correspond to the heat radiation intensity.
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As expected from the equation there is (nearly) a linear correlation between the time to ignite and
the square of the radiation intensity (diagram on the right side).
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23 Sandwich door leaf for railway application

According to DIN 5510-2: 2009 metals and alloys with organic coatings with a nominal thickness
<0.3 mm are considered as components with proven requirements and therefore they do not need
to be tested (DIN 5510-2, Chapter 5.4).

According to EN 45545-2: 2013, the walls of external body shells (including painting/coating
systems, films and windows) must be checked according to requirement R7. The fulfillment of the
requirements of EN 45545-2 must be demonstrated by the manufacturer of such coatings.

One of these test results are shown below: The test of this Sandwich door leaf was commissioned
by Knorr-Bremse GmbH, IFE Kematen Division Door Systems.

The sandwich door consists of the following components:

» Coated, faced aluminium honeycomb product 19.8 kg/m?

* Final coating: 2K HS Clear coat 50 um

= Second coating: Basecoat 10 - 20 um

* First coating: Water based 2-K Epoxy Primer 40 um

= Facing: Aluminium coil coated 40 um

* Honeycomb: 0,029 kg/dm?, thickness 30 mm, cell diameter 19 mm, wall thickness 0.071 mm
= Adhesive: Epoxy adhesive 0.2 mm

= Facing: Aluminium 1mm

structure).
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For the cone test the honeycomb was tested with a frame shown in the following picture.

Heat mlease ran (WP
8 o 2% £ £ 8 B

Heat release rate 1ISO 5660-1:2002

MARHE: < 50 kW/m?

Lateral spread of flame ISO 5658-2

CFE >20 kW/m?

{Many thanks to Knorr-Bremse GmbH Division IFE Automatic Door Systems for the permission to

publish the above mentioned results.}
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3. Combustibility of seats according to DIN 5510-2

The fire performance of seats for railway cars is
tested using original complete seats
according to DIN 5510-2.

Upholstered seats must be self-extinguishing, even if
the seat covering is slit open (vandalised).

A 100 g paper cushion is positioned on the seat
base (see picture on the right).

(Draft) E DIN 5510-2:1996

Ventilation system: The hood can be operated so
that the smoke produced during the experiment can
be just sucked off.

DIN 5510-2: 2009

Ventilation system: The volume flow should be in the range of 0.5 to 0.7 m®s. The ventilation
system is calibrated with n-Heptan. The smoke production rate should be calculated from the
measured extinction coefficient.

3.1 OBB seats without and with flame retardant covering of the foam

The fire testing of the seats from the Austrian Railway coaches was carried out for the OBB
in the year 2008 and shows that in this case a flame retardant covering was necessary to protect
the foam.

Seat without flame retardant covering Seat with flame retardant covering of the foam.
of the foam.
Fire extinguisher was used after 13 minutes.
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3.2 Comparison (according to DIN 5510-2) of one covering material with different
foams (OBB)

These tests to analyse which foam is compatible with the standard textile covering material used
by the OBB, were made in the year 2005.
In order to analyze the behaviour of the foam the textile covering material was cut (vandalised).

Textile covering material: Producer Kneitz, velour chess 85% wool, 15 % polyamide
(Velourstoff Schach 85% Wolle, 15 % Polyamid)

The following foams were tested:

Producer | Name of the foam

Purtec Purtec 500

Metzler Metzoprotect Qualitat FRM-U FT3307

Weserland | Weserland Qualitdt FSF 710 RA

Weserland | Weserland PU Muster W 5662/1

Eurofoam | LS. NR. 04004452 Qualitat KF 55 B1 weil}

The sequence of the products mentioned in the table above does not correspond with the
sequence of the pictures of the seats in the following two picture lines.

The result of this research is: one combination of fabric upholstery (textile covering) with
foam leads to a full-scale fire while a different combination of foam and textile covering
extinguishes after 4 about minutes.

Fire extinguisher used after Self-extinguishing after Self-extinguishing after
10 Minutes 4:25 Minutes 6:48 Minutes

www.railway-network.eu/fire-safety
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Self-extinguishing after Self-extinguishing after
4:00 minutes 4:57 minutes

Many thanks to OBB-Technische Services, Flottenengineering Nahverkehrs-Reisezugwagen
(Manfred Schorm), St. Pélten for the permission to publish the above mentioned results.

3.3 New test method for seats worked out at CEN/TC 256/WG 01 N 021

CEN TC 256 work on the new standard “Railway applications - Fire protection on railway vehicles -
Fire behaviour test on complete seats for railway vehicles”. This new standard is based on the fire
measurement method for seats used in EN 45 545-2:2013.

It is useful to separate the fire testing of seats used in EN 45 545, because there is only one test
procedure included in EN 45545-2. Otherwise only the requirements for the flammability of the
components of passenger railway vehicles are included.

This paper is based on the knowledge of this new standard of February 2015. This new standard
is based on EN 45545-2:2013, but is improved in several positions.

The now valid EN 45545-2:2013 contains a flame exposure of the seats with a power of 7 kW,
which corresponds to the burning power of 20 g newsprint. The seat testing according to
DIN 5510-2 is carried out with a cushion of 100 g paper, and leads to a much stronger fire load of
the seats. According to the new seat fire test standard, the specimen must be flamed with a burner
power 28 kW for one minute and it must then be switched to 7 kW for 2 minutes.

Testing with vandalism
Four fire tests are required if the following conditions apply:
* the seat specification requires the seat to be vandalised
or
= the results of the (vandalism) procedure shows that the seat can be fully or partially vandalised,

The test program shall be as follows:
a) Two fire tests shall be undertaken with the seat in a vandalised condition.
b) Two fire tests shall be undertaken, with the seat in a not vandalised condition.

‘Bahntechnik aktuell (Bd. 54) ISBN 978-3-940727-47-3 www.railway-network.eu/fire-safety
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In addition, some changes in the test apparatus are planned to increase the measurement
accuracy because the current measurements according to EN 45545-2 contain a large
measurement inaccuracy.

2400

Position of the burner and the seat

4, Conclusion
4.1 Fire tests of materials according to ISO 5658-2 and ISO 5660-1

The test of a special GFK material shows a significant difference of the heat release rate measured
according to ISO 5660-1 between the painted side and the rear side of the material.

Another GFK material was radiated with different radiation intensities which lead to different
ignition times. This correlation fulfills the equation of the theory of fire behaviour for the ignition of
thick materials. The tests for PMMA show also a good correlation between measurements and
(fire) theory.

According to DIN 5510-2: 2009 metals and alloys with organic coatings with a nominal thickness of
<0.3 mm are considered as components with proven requirements and therefore do not need to be
tested. But according to EN 45545-2: 2013 the walls of external body shells (including
painting/coating systems, films and windows) must be checked according to requirement R7. As an
example the results of one painting are shown.

4.2 Fire behaviour of seats

Fire behaviour of seats depends on:

* Density of the foam: Density 95 kg/m? is better than usual 85 kg/m?, however foams with
75 kg/m? can also fulfill the requirements

* Flame retardant fibres ,,glued” on the foam can improve the fire behaviour of the seat

* Combination of the textile covering and the foam:
One textile/foam combination leads to full fire, while with another combination stops the fi
after 4 Minutes
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Summary

Results of fire tests according to ISO 5658-2 and ISO 5660-1 are shown for different products. The
results of GFK products are extensively analysed. The result of a body shell painting is analysed
according to ISO 5658-2 and ISO 5660-1, but this painting, does not have to be analysed
according to DIN 5510-2. Different possibilities to improve the fire behaviour of railway coaches are
presented as well as the fact that the combination of the foam and the textile covering is essential.

Zusammenfassung

Die Ergebnisse von Brandversuchen nach ISO 5658-2 und ISO 5660-1 werden dargestellt und
brandtechnische  Untersuchungen von GFK Produkten ausfihrlich analysiert. Eine
WagenauBenlackierung wurde nach ISO 5658-2 und ISO 5660-1 gepriift, wéhrend diese
WagenauBBenlackierung nach DIN 5510-2 nicht brandtechnisch untersucht hétte werden mdissen.
Verschiedene Méglichkeiten zur Verbesserung des Brandverhaltens von Eisenbahnsitzen werden
dargestellt. Es wird auch gezeigt, dass die Kombination von Sitzbezug und Schaum fir das
Brandverhalten von Sitzen entscheident ist.
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