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Abstract

In this FRIC report, fire test methods to document smouldering in thermal insulation are
presented. Standardized test methods from Europe, USA and Canada are presented, describing
the test principles and assessment criteria.

In addition, a selection of non-standardized experimental methods for smouldering fire
documentation used in research and investigations are presented.

Finally, factors impacting the outcome of tests as well as knowledge gaps are discussed.

The overview presented in this report may be used as a guideline to the reader on benefits and
challenges with different methods. Industry, researchers, fire investigators and others may
benefit from this overview, to ensure that a relevant method is chosen for each end-use.

Sammendrag

| denne FRIC-rapporten presenteres branntestmetoder for & dokumentere ulming i termisk
isolasjon. Standardiserte testmetoder fra Europa, USA og Canada presenteres, og
testprinsippene og vurderingskriteriene beskrives.

| tillegg presenteres et utvalg ikke-standardiserte eksperimentelle metoder for
ulmebranndokumentasjon brukt i forskning og brannundersgkelser.

Til slutt diskuteres faktorer som pavirker utfallet av tester, samt kunnskapshull.

Oversikten som presenteres i denne rapporten kan brukes som en veiledning til leseren om
fordeler og utfordringer med ulike metoder. Neeringsliv, forskere, brannetterforskere og andre
kan ha nytte av denne oversikten, for a sikre at en relevant metode velges til den aktuelle
problemstillingen.




SMOULDERING FIRE TEST METHODS — DOCUMENTING THE POTENTIAL FOR SMOULDERING FIRES IN THERMAL INSULATION

Table of contents

Y <2 o N i
SAMMENAIAG .. ceeeeiiieeeciiirieerireaeerrtensesrenessesrenessssrensssssrenssssseenssssseansssssennssssnennssssrensssssnennns i
Table Of CONEENTES....ccceviiiiiiiiiiiiiiiiiiiiiieieer s saaes i
o =] - T iv
3 S 114 o o 1¥ Tt ' o T 1
1.1 Smouldering fire test Methods..........ccuuiiiiieei e 1
1.2 Key features of smouldering fires .........eei e i 2
1.3 Objectives and lIMItationS.........eeiiiiiie e e e e 2
14 ReSEArch Methods.......ooii i 3
1.5 D] Tox [0 o = Y 2 4

2 European standard EN 16733.......ccccciiiiuiiiiinniiiieniiniinminiemiiiensiimesimssssmessssssseness 5
21 I 1 T [ 2T T o] PPN 5
2.11 TeSt SPECIMEN...eiiiiiiiiie e e 5
2.1.2 =T A o[ Yol =Te [0 o TS 5
2.13 ASSESSMENT CIILEIIA ceeeeei et e e e e e snee 7

3 British standard BS 5803-4..........ccciiiiiiimmmuiiiiiiiiiineieiininierssaissneessasessss e sssasssaes 8
31 Test principle for the flammability test......c.cooveiiiiii e 8
3.1.1 =] ] o= ol 4 1= o P PP PP PPPRTRPPRRRTIN 8
3.1.2 Q=T A o] e Yol <Te [ o PP RPPPPRTIN 8
3.1.3 ASSESSMENT CIITEIIA oo s e e e e e e snee 8

3.2 Test principle for the sSmouldering test.........covciiiiiciiee e 8
3.2.1 BT A o T=Tol [ = o PO PPPPPPPPPPPPPPRE 8
3.2.2 TEST PrOCEAUIE ..ottt st st ene s 8
3.2.3 ASSESSMENT CIITEITA cvviiiiiiiiii it 9

4  Nordic test method NT FIRE 035 .......cceeuuuiiiiiiiiiiiiniiniiniinnreessinnnrressseesssss e sssasessns 10
4.1 Test specimen and igNItION SOUICES .......ccicuiiiiiiiiiee et e e e e iaae e 10
4.2 Test principle for the flammability test..........coooviiiiiiiie e, 11
4.2.1 I A o] e Yol <Te [N o R 11
4.2.2 ASSESSMENT CIITEIIA tovvviiii ittt 11

4.3 Test principle for the sSmouldering test.........cevvciieiiciiiee e 11
43.1 T A o] e Yol <Te [N o R 11
4.3.2 ASSESSMENT CIITEIIA coueviiii ittt 12




SMOULDERING FIRE TEST METHODS — DOCUMENTING THE POTENTIAL FOR SMOULDERING FIRES IN THERMAL INSULATION

5 American standard ASTM C739 — 21a......ccceeuuieiiiiiiiiirmnneiiiiiiineneneesiininenssssessssissnnenee 13
5.1 Test principle for smouldering combustion ..........coooeiiiiiiiiiie e 13
5.1.1 LR A o L=Tol 4 1= o TSP PPPPPPPPPPPPR 13
5.1.2 TEST PrOCEAUIE ..ottt st s st s 13
5.13 ASSESSMENT CIILEIIA coeviiee et e e 13

6  American test method 16 CFR 1209.7.......ccccccciiiiiiiimmmneiiiiiiiiinnnsesiiiniieessesssenee 14
7 Canadian standard CAN/ULC-S129-15......cccccceeeeerririeennnneeeereeeeeranssssesseseesssssssssessessesans 15
7.1 B0 T4 [ oY1 o] =TT 15
7.2 ASSESSMENT CIITEIIA c.evviiiiiiiiii ittt 16

8 German standard DIN 4102-15 & -16........ccceviiiiiiiiiiiiiiiiiiiiiniiiiinininensseeses s s e esesesesesenens 17
8.1 LT ] o L=Tol [0 = o TSP PP PPPPPPPPPPRE 17
8.2 Q] A T e Yol <To [ o ISR 17
8.3 ASSESSMENT CIITEIIA c.eveeee et e e s e e s e e e e snee 18

9 Experimental methods for smouldering fire documentation used in research and

INVESTIZAtIONS ...iiieeiiiiiiiiiiiiiinire e rrraes e trsssesteasssestesssssstessssssesssssssesnsssssannsssnns 19
9.1 Medium-scale experiments 0N biomMass ........covvciiiiirciiiiiee e 19
9.2 Small scale experiments 0N COtLON .....cccviiiiiiiiee e e 20
9.3 B0 TS Y L S T o] [T SR 21
9.4 Radiant panel @XPerimENTES .....cccciiie it e e e e e raee s 22
9.5 Smouldering: Effects of COOlING......c..uiiieiiieiicee e e e 22
9.6 Ad-hoc experiments used in iNVestigatioNns ........ccevvvveeiieiiiii e 22

T T oL o T 25
10.1 Factors impacting the outcomes of testS......cocuiiiiiiiiiie i, 25
10.2 Knowledge gaps and need for new test methods.........ccceeevcieieicciec e, 25

231 o [Te T =T ] 1 P 27




SMOULDERING FIRE TEST METHODS — DOCUMENTING THE POTENTIAL FOR SMOULDERING FIRES IN THERMAL INSULATION

Preface

This report is made by FRIC (Fire Research and Innovation Centre) and is based on an
unpublished review of test methods made as part of the COST Action FP1404 Fire Safe Use of
Bio-based Building Products in 2017. Information from the COST Action review is presented and
complemented with updated and additional information.

The authors are grateful for discussions with colleagues in COST Action FP1404. We greatly
appreciate the permission to include parts of the student work by Sebastian Hanusch, Felicitas
Klockow, Werner Leidner and Florian Schramm from Holzforschung Miinchen at the Technical
University of Munich (TUM).

The initial work was funded by RISE Fire Research and TUM through the Cost Action activity,
whereas complementing the review, as well as publication of this report, is funded by FRIC and
TUM.

The Fire Research and Innovation Centre (FRIC) commenced in spring 2019. The aim is to increase the
knowledge within fire safety to make optimal decisions and develop better solutions that provide increased
fire safety in buildings. FRIC is led by RISE Fire Research in Trondheim, with NTNU and SINTEF as research
partners. FRIC has partners from the fire and rescue service, public organizations, fire safety consultants,
producers and suppliers of building products and building installations, and property development and
management. The research centre is funded by all partners, in addition to funding from the Research
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1 Introduction

Many building fires may have started as smouldering fires in thermal insulation materials, and
many flaming fires may have continued as smouldering fires after being controlled by the fire
service. There is a need of more knowledge on smouldering fires generally, and smouldering
combustion in thermal insulation specifically. Use of fire testing to investigate and document a
product’s ability to undergo smouldering combustion is a tool to increase this knowledge.

How to utilize this report: The overview presented in this report may be used as a guideline to
the reader on benefits and challenges with different methods, to ensure that a relevant method
is chosen for each end-use. The presented methods may either be used as-is or may serve as a
basis to develop a tailor-made (ad-hoc) test method for the smouldering problem in question.
Knowledge about and utilization of existing methods is beneficial, since published data may be
used as points of reference.

Who may benefit from this report: This review may be useful for manufacturers of products
that may smoulder, for researchers studying smouldering combustion, for fire investigators who
have a smouldering problem at hand, and for any other people with interest in fire safety.

1.1  Smouldering fire test methods

Internationally, there are several standardized fire test methods where smouldering is initiated
by either flaming or smouldering ignition sources. Some of these methods are applicable for
upholstered furniture and mattresses, some for thermal insulation and others for dust layers.
Different test methods have different purposes, and the key information or data gathered in
each method is fit for purpose. This includes ignition temperatures, smouldering behaviour and
spread of combustion zone, as well as flammability behaviour in case of transition to flaming.
The overall purpose of the fire test methods is to document the propensity of materials to
undergo smouldering combustion when exposed to different ignition- or heat sources.

Having an overview and knowledge about different smouldering fire test methods is important
for several reasons.

e Firstly for safety - to ensure that the chosen test method is appropriate for the end-use
of the product, and to know benefits and challenges related to different test methods.

e Secondly for compliance - to help manufacturers and others comply with national and
international fire safety regulations.

e Thirdly for product development - different test methods can give insight into different
fire performance aspects of a product, which can be valuable for product development.
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1.2  Key features of smouldering fires

Fires with no flames are known as smouldering fires or smouldering combustion. The fuel burns
slowly, at relatively low temperatures, but release both heat and smoke. The exothermic
oxidation reactions take place at the surface of the solid fuel, as opposed to in the gas phase as
in flaming combustion. Smouldering fires have a few unique properties that make them different
from flaming fires, representing challenges for fire safety in buildings and constructions. Ignition
of smouldering occurs more easily than flaming fires, and smouldering produces low amounts
of smoke and heat per time unit, making them very difficult to detect. Smouldering fires may be
a pathway to flaming fires. Transition from smouldering to flaming occurs if the pyrolyzate gases
that are formed during smouldering ignite. Not all materials smoulder. Smouldering fires may
occur in many different materials, but materials prone to smouldering are normally porous or
granular solid materials that can form char, and have a limited tendency to melt. [1-5]

Fire safety measures to prevent the initiation and consequences of smouldering fires can
therefore be applicable for:

- Construction materials: thermal insulation, porous combustible products, as e.g., wood
fibre boards

- Upholstered furniture and mattresses, bedding items

- Electric equipment and installations

- Storage of combustible products: waste, coal, hay, pellets, cotton, vegetables, wood chips,
fine grained material etc.

- Wildland fires: peat, grass, leaves etc.

- Dust layers

1.3  Objectives and limitations

The purpose of this report is to give an overview of fire test methods and experimental
approaches that are used to investigate and document materials’ propensity to undergo
smouldering combustion.

This report does not include assessment of the methods, as different methods may be relevant
for different purposes. Before choosing a method however, it’s relevance, validity, type of test
results, applicability, uncertainties etc. are important factors that must be considered.

The focus is on construction materials, specifically thermal insulation materials.

The overview does not include test methods not relevant for thermal insulation, such as test
methods for smouldering in upholstered furniture, mattresses or other interiour products.

The report does not include test methods not relevant for smouldering, such as many fire
resistance test methods.
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The report focuses on test methods for onshore applications, and not on maritime or offshore
applications.

The report includes a short introduction to smouldering and relevant application areas but does
not go into detail on the fire dynamics or other aspects of smouldering fires.

1.4 Research methods

In this study, relevant test methods have been gathered based on the authors’ experience and
input from colleagues in COST Action FP1404 and other networks, as well as from relevant
standardization websites. Parts of the test method overview is based on the project report
“Summary on Smouldering Fire Test Methods” by Sebastian Hanusch, Felicitas Klockow, Werner
Leidner, Florian Schramm, 3. Semester Master Forst- und Holzwissenschaften, Technical
University of Munich (TUM), dated 24.02.2017, made available for the project group. The
overview made by Babrauskas in the 2021 handbook on Smoldering Fires [4] has also been
valuable.

A literature survey was made of studies found in scientific databases and in relevant handbooks.
The focus was on experimental studies on smouldering fires. The survey was further narrowed
down to studies that included experimental methods that can be applicable for thermal
insulation.
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1.5 Dictionary

An overview of the terms and definitions used in this report is provided in Table 1-1.

Table 1-1: Definitions of terms and acronyms used in the report.
Term/acronym Definition
ASTM American Society for Testing and Materials
BS British Standard
CAN/ULC Canada/ Underwriters Laboratories of Canada
CFR Code of Federal Regulations
DIN German Institute for Standardisation (from German: Deutsches
Institut fir Normung)
EN European Standard (from German: Europdische Norm)

Experimental method

Here used for non-standardized methods

ISO

International Standardization Organization

NT

Nordic Test method

Test method

Here used for standardized methods
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2 European standard EN 16733

This method is developed in support of the EU Construction Product Regulation (CPR). The first
version of the standard EN 16733 - Reaction to fire for building products - Determination of a
building product’s propensity to undergo continuous smouldering was published in 2016 [6].

The following definitions are given in the standard:

smouldering

combustion of a material without flame and with or without visible light. This includes
glowing combustion.

Note 1 to entry: Smouldering is generally evidenced by an increase in temperature and/or by
the presence of effluents.

progressive smouldering
self-propagating exothermic oxidation that is not accompanied by flaming combustion.

Note 1 to entry: It can be accompanied by glowing.

The standard specifies a test method to determine the tendency of products to smoulder
continuously when exposed to an open flame in vertical orientation under the influence of
natural convective airflow [6]. The standard is intended for all building products classified
according to EN 13501-1 [7], not only thermal insulation. The specimen, procedure and
assessment criteria for the method are described below.

2.1  Test principle

2.1.1 Test specimen

The test specimen has dimensions 300 mm x 800 mm and shall be tested in the product’s end-
use thickness up to a maximum of 100 mm. Loose-fill materials are fitted into a wire mesh box
and in the density specified by the manufacturer. Six thermocouples are positioned within the
test specimen. The test set-up is shown in Figure 2-1.

2.1.2  Test procedure

The specimen surface is exposed to a burner flame which is removed after 15 minutes. If the
specimen is ignited during the flame exposure, the burning shall be monitored, and an
evaluation whether the test method is suitable for the tested product is made.
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In case of ignition of the sample, the specimen surface is covered with a non-combustible
extinguishing board of calcium silicate for 20 seconds. If the specimen ignites again within 60 s
after removal of the fire extinguishing board, the board is applied again for a further 40 s. If the
specimen ignites again after removal of the fire extinguishing board, the test shall be stopped,
and this test method shall be deemed to be not suitable for the product being evaluated.

If the specimen ignites within 5 minutes after removal of the burner the extinguishing board
shall be reapplied for a further 20 s.

Behaviour of the specimen during the test and its condition after the test shall be observed.

At least two test specimens shall be tested for a formal test. Further specimens shall be tested
where the product has directional properties.

The tests shall be terminated after six hours, or after all thermocouples have shown no further
increase in temperature for at least 60 min and all recorded temperatures are below 50 °C. The
test is also terminated if any of the conditions defining continuous smouldering in the standard
has occurred.

Figure 2-1  Test of a construction product in the setup according to EN 16733. Photo: Technical
University of Munich, used with permission.
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2.1.3 Assessment criteria

Assessment of the test results is based on observations of sustained flaming, re-ignition,
temperature rise and flame spread. The product can either be declared

- not to show a propensity for continuous smouldering combustion
or
- to show a propensity for continuous smouldering combustion

or it can be stated that an assessment of the propensity for continuous smouldering
combustion is not possible.
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3 British standard BS 5803-4

The standard BS 5803-4:1985. Thermal insulation for use in pitched roof spaces in dwellings. Part
4. Methods for determining flammability and resistance to smouldering is intended to be used
for documentation of thermal insulating materials which may consist of loose-fill granules,
beads or fibres, designed to be laid horizontally between joists in lofts of dwellings [8]. The
specimen, procedure and assessment criteria for the method are described below.

3.1 Test principle for the flammability test

3.1.1 Test specimen

The test specimen of conditioned insulation is inserted in a tray having a plasterboard base and
wooden sides. The tray is intended to represent a typical configuration of joists and ceiling
forming the base of a loft.

3.1.2  Test procedure

A small wooden crib is placed on the surface and ignited. The fire exposure under the crib is
approximately 3.5 W/cm?, and the average intensity over an area of 7500 mm? is about
0.3 W/cm?. Any flaming, smouldering and the extent of the combustion zone are observed.

The test is carried out on five specimens.

3.1.3 Assessment criteria

The combustion zone shall not extend to within 25 mm distance from any part of the timber
surround in any of the five specimens tested.

3.2 Test principle for the smouldering test

3.2.1 Test specimen

The test specimen of conditioned insulation is inserted in a tray similar to that described in
section 3.1.1 above.

3.2.2 Test procedure

A metal cylinder with diameter 50 mm and height 50 mm is preheated to 445 °C and inserted
into the specimen.




SMOULDERING FIRE TEST METHODS — DOCUMENTING THE POTENTIAL FOR SMOULDERING FIRES IN THERMAL INSULATION

Any flaming, smouldering and the extent of the combustion zone are observed. The test is
carried out on five specimens.

3.2.3 Assessment criteria

The combustion zone shall not extend to more than 150 mm from the centre line of the ignition
cylinder on more than one of the first five specimens tested.

If more than one specimen of the set of five specimens gives a combustion zone extending more
than 150 mm from the centre line of the cylinder, the tested material fails the test.

If only one specimen of the set of five specimens gives a combustion zone extending more than
150 mm from the centre line of the cylinder, a further set of five specimens shall be tested and
they shall all comply with this requirement.
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4 Nordic test method NT FIRE 035

The test method NT FIRE 035 — Flammability and smouldering resistance of loose-fill thermal
insulation [9] is used in the Nordic countries for testing of loose-fill insulation products, like
cellulose and wood-based products, but also other types of fibrous or granular building
insulation.

The test method according to NT FIRE 035 is almost identical to the method described in the
British test standard BS 5803-4, see chapter 3.

4.1  Test specimen and ignition sources

A certain amount of the loose-fill insulation to be tested is dried for 16 hours at 40 °C and filled
in an open box with walls of wood and bottom of plasterboard. Inner dimensions are 500 mm x
300 mm x 100 mm, see Figure 4-1.

SOFTWOOD

PLASTERBOARD

MOVABLE TIMBER CROSS-PIECE

Figure 4-1  The test sample holder according to NT FIRE 035. Figure: NT FIRE 035 [9].

The ignition source is a wooden crib (crib 4 according to British standard BS 5852 [10]) for the
flaming fire test, and a steel cylinder with height 50 mm and diameter 50 mm for the
smouldering test, see Figure 4-2.

10



SMOULDERING FIRE TEST METHODS — DOCUMENTING THE POTENTIAL FOR SMOULDERING FIRES IN THERMAL INSULATION

325

Figure 4-2  The ignition sources used in testing according to NT FIRE 035. The wooden crib (left) and
the steel cylinder (right). Figure and photo: NT FIRE 035 [9].

4.2  Test principle for the flammability test

4.2.1 Test procedure

Resistance against a flaming ignition source is tested by positioning the wooden crib on top of
the insulation in the box. If a fire with a rapid development is observed the fire shall be
extinguished and the observations are reported. Otherwise, the specimen is retained in the box
until all smouldering and flaming has ceased or until the combustion zone has extended at any
depth to within 25 mm distance of any part of the vertical timber walls of the box.

At least five crib tests shall be performed.

4.2.2 Assessment criteria

The combustion zone shall not extend to within 25 mm distance of any part of the timber
surround in any of the five specimens tested.

4.3  Test principle for the smouldering test

4.3.1 Test procedure

The steel cylinder is preheated to 445 °C and placed inside the insulation. If a fire with a rapid
development is observed the fire shall be extinguished and the observations are reported.
Otherwise, the specimen is retained in the box until all smouldering and flaming has ceased or
until the combustion zone on the surface of the specimen has extended a distance beyond 150
mm from the centre line of the cylindrical ignition source.

11



SMOULDERING FIRE TEST METHODS — DOCUMENTING THE POTENTIAL FOR SMOULDERING FIRES IN THERMAL INSULATION

At least five tests with steel cylinder shall be performed. If only one of the five test specimens
gives a char length exceeding 150 mm from the centre line of the cylindrical source, a further
set of five specimens shall be tested.

4.3.2 Assessment criteria

The combustion zone shall not extend to more than 150 mm from the centre line of the ignition
cylinder on more than one of the first five specimens tested.

If more than one specimen of the set of five specimens gives a combustion zone extending more
than 150 mm from the centre line of the cylinder, the tested material fails the test.

If only one specimen of the set of five specimens gives a combustion zone extending more than
150 mm from the centre line of the cylinder, a further set of five specimens shall be tested and
they shall all comply with this requirement.

12
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5 American standard ASTM C739 - 21a

The specification ASTM C 739 — 21a. Standard Specification for Cellulosic Fiber Loose-Fill Thermal
Insulation covers the composition and physical requirements of chemically treated, recycled
cellulosic fiber loose-fill type thermal insulation for use in attics or enclosed spaces in housing,
and other framed buildings within the ambient temperature range from - 45 to 90 °C by
pneumatic or pouring application [11]. The specification covers methods for documentation of
corrosiveness, critical radiant flux, fungal growth, moisture absorption, odor emission,
smouldering combustion, and thermal resistance.

5.1 Test principle for smouldering combustion

The method for determining the insulations resistance to undergo smouldering combustion is
described in section 14 of ASTM C 739-21.

5.1.1 Test specimen

The test sample is placed in an open-top square made of stainless-steel sheets and placed on a
pad of unfaced glass fibreboard. The dimensions of the holder are 200 mm x 200 mm, height
100 mm; resulting in a volume of 4 000 cm®. An amount of conditioned insulation at the design
density necessary to fill the holder is loaded uniformly into the specimen holder, levelled and
flushed to the top of the holder. Any lumps in the insulation shall be removed before insertion.
The design density is described as the approximate density expected after long-term attic
application, and the standard contains a procedure to determine this value.

5.1.2  Test procedure

The test material is placed in an area protected from draught and equipped with a suitable
exhaust system. A glass rod is inserted into the centre of the specimen to form a cavity with
length equivalent to a cigarette. A well-lighted cigarette is then inserted into the cavity and
allowed to burn for at least 2 hours or until the smouldering is no longer progressing, whichever
period is longer. Three single tests shall be performed.

The mass of the specimen is recorded before and after the test, and mass loss is calculated.
Percent mass loss and any evidence of flaming are reported.

5.1.3 Assessment criteria

The insulation shall show no evidence of flaming and a weight loss no greater than 15 %.

13
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6 American test method 16 CFR 1209.7

The method 16 CFR 1209 is entitled Interim safety standard for cellulose insulation, and is a part
of the Code of Federal Regulations in the USA [12]. Part 7 describes the smouldering test
procedure required for this product group.

The descriptions of the test specimen, equipment, test procedure and criteria are equal to ASTM
C739-213a, see chapter 5.

14
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7 Canadian standard CAN/ULC-S129-15

The Canadian standard CAN/ULC-$129-15 Standard Method of Test for Smoulder Resistance of
Insulation (Basket Method) applies to thermal insulation suitable for indoor use in building
construction within the temperature range of -50 to +80 °C [13].

The method is intended for the following types of insulation materials:

- Loose-fill, designed for pouring application

- Loose-fill, designed for blowing application with the aid of pneumatic equipment
- Preformed products such as batts, roll boards and sheets

- Spray applied products

7.1  Test principle

The test material is placed in a galvanized wire mesh basket with dimensions 155 mm x 460 mm,
height 75 mm, see Figure 7-1. The basket is placed in a support at an angle of 30° relative to the
horizontal level, and then exposed for 5 minutes to a burner flame from below. The burner flow
rate of natural gas is 2200 + 15 mL/min, and the measured flame temperature 200 mm above
the burner exit orifice shall be 845 + 25 °C.

After 5 minutes of flame exposure the basket is placed on a non-combustible underlay for 10
minutes. Thereafter the sides of the basket are wrapped in non-combustible ceramic fibre paper
and the basket is placed in a shield to protect it from any draughts. The basket is then to be
remained undisturbed until all smouldering has ceased. Three single tests shall be performed.

The mass of the specimen is recorded before and after the test, and mass loss is calculated. The
maximum char length on top of the specimen is measured.

Figure 7-1 Test of a construction product in the setup according to CAN/ULC-5129-15. Figure
to the left: Jirgen Novak [14], Photo to the right: Prof. Dipl.-Ing. Dr. Konrad
Bergmeister, both used with permission.

15
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7.2 Assessment criteria

The acceptance criteria are based on observations of smouldering combustion and on the
average percent of smouldering mass loss. A product is assessed as acceptable if:

A. All three specimens tested cease to smoulder before reaching the end of the basket;
and

B. The average percent of smouldering mass loss (ASML) after cessation of smouldering
does not exceed 30 % and a single test does not exceed a loss greater than 40 %.

A retest of a second set of three specimens is allowed under certain conditions.

16
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8 German standard DIN 4102-15 & -16

The standards DIN 4102-15 Brandverhalten von Baustoffen und Bauteilen Teil 15 Brandschacht
[15] and Teil 16 Durchfiihrung von Brandschachtpriifungen are parts of the German system for
fire classification of building products [16]. The Brandschacht is a test equipment for testing of
reaction to fire properties of building products.

8.1 Test specimen

The specimens have a width of 190 mm and a height of 1000 mm.

8.2  Test procedure

The Brandschacht has a quadratic test chamber where four vertical test specimens of building
products are arranged around a quadratic gas burner, see Figure 8-1. The specimens are exposed
to the burner flames along the bottom of the surfaces for 10 minutes. There is a stable
ventilation through the chamber from the bottom. The test lasts until all combustion in the test
material has ended, including any residual smouldering (German: Nachglimmen) after the
burner is switched off. [17]

Figure 8-1 Test-set up according to DIN 4102-15. Overview of the Brandschacht test chamber and
equipment (left). Inside of the test chamber, with burner ignited and three of four test
specimens are in place (right). Photos: Technical University of Munich (TUM), used with
permission.
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8.3 Assessment criteria

One of the criteria to the test results is the length of the undamaged specimens (German:
Restlange) [17].
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9 Experimental methods for
smouldering fire documentation used in
research and investigations

A number of research projects on smouldering fire has been performed over the last decades,
with a variety of experimental set-ups and studied materials. A comprehensive overview over
experimental data on smouldering is given in chapter 19 on smouldering combustion in SFPE
Handbook of Fire Protection Engineering [3], and it comprises both materials used in
construction products as well as other types of materials.

9.1 Medium-scale experiments on biomass

In the Nordic countries extensive work has been performed on self-heating and smouldering of
different materials. RISE Research Institutes of Sweden has studied smouldering in biomass such
as wood pellets both in small-scale experiments (isothermal calorimetry test and basket tests)
and in medium-scale experiments (1 m3) [18,19]. In the medium-scale experimental set-up
shown in Figure 9-1, the ignition method used was hot air blown into the bulk of the fuel bed,
initiating a self-heating in the centre of the fuel bed. The methods used could also be applicable
and adapted to study smouldering in thermal insulation. In addition, results from studies of
granular biomass are relevant and applicable for thermal insulation, as the materials and storage
of them have many similarities.

Figure 9-1  Side view illustration and photo of the experimental set-up used by RISE Research Institutes
of Sweden to study smouldering in granular biomass in medium scale. Here, wood pellets
are positioned inside a 1 m3steel container, pellets are marked by shaded area. Figure and
photo: from [19], used with permission.

19



SMOULDERING FIRE TEST METHODS — DOCUMENTING THE POTENTIAL FOR SMOULDERING FIRES IN THERMAL INSULATION

9.2 Small scale experiments on cotton

In a PhD thesis by Hagen in 2013, smouldering combustion in cotton was studied [20]. In these
experiments the specimen of compressed cotton was placed on top of a hot-plate. The specimen
was cubical with dimensions 150 mm x 150 mm x 150 mm. Temperatures were measured at
certain locations within the cotton specimens. The combustion behavior was studied as a
function of variations in hot plate temperature, variations in specimen height, and specimen
density. Two different boundary conditions were studied: Open boundaries on all sides, and a
setup with one lightweight concrete wall, see Figure 9-2. As a continuation of this research, the
group has also studied other dimensions and geometries of set-ups and documented different
modes of transition from smouldering to flaming fires [5,21]. For thermal insulation and fire
safety in buildings, transition from smouldering to flaming fires is also highly important, and
experimental set-ups such as those proposed by Western Norway University of Applied Sciences
could be relevant.
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in a2 metal mesh

Thermocouples

spaced 2 em npnr-l_‘-‘"“b . . .
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. .

L]
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Figure 9-2  Experimental set-up used for studying smouldering fire in cotton. The figure to the left
shows the set-up with open boundaries, while the figures to the right show the test set-up
with a light concrete wall on one side of the specimen. Figure: from [20], used with
permission.

Experiments based on Hagen’s setup were used to study the potential of smouldering in six
different bio-based composites, and are described in a PhD thesis by Palumbo in 2015 [22].
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9.3  Small scale experiments: the EMRIS project

In an international research project named Emerging Risks from Smouldering Fires (EMRIS)
hosted by Western Norway University of Applied Sciences (HVL), smouldering fires in various
types of materials have been studied. The sample materials included wood pellets [23-25],
cotton [5], wood fibre insulation [26,27] and wood chips [28]. The experimental set-up used for
wood-based materials was an insulated steel pipe on a hot-plate, and the sample is placed inside
the insulated steel pipe and heated from underneath. The experimental set-up is shown in
Figure 9-3, and has been used as part of PhD theses by Mikalsen in 2018 [1] and by Haraldseid
in 2023 [29].

150 1 60
H—t

Insulated steel pipe

Aluminum plate 30
A

‘ Heating source l

e ]

Figure 9-3  Experimental set-up used for studying smouldering fires in the EMRIS project, dimensions
are given in mm. The material (with a height h) is placed inside the insulated steel pipe
together with a rack of thermocouples. Figure and photo: from [1], used with permission.

Even if originally developed for granular materials (wood pellets and wood chips), the EMRIS
set-up was also used to study initiation of self-sustained smouldering in loose-fill wood fibre
thermal insulation [26,27]. Different types of wood fibre insulation were studied, with different
types and levels of fire-retardant additions. The experimental set-up was found to be well-suited
to document upwards spread of smouldering, and to document temperature levels needed to
obtain self-sustained smouldering in the thermal insulation.
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Figure 9-4  Experiments studying smouldering fire in wood fibre thermal insulation in the EMRIS
experimental set-up from Figure 9-3. Photos: from [26], used with permission.

9.4  Radiant panel experiments

In a Spanish project, six bio-based thermal insulation materials were studied using a radiant
panel according to the Spanish standard UNE 23.725-90 Reaction to fire test on building
materials. Dripping test with electrical radiator [30]. Progressive smouldering was observed in
most studied materials after the radiant panel was removed and flames were extinguished. This
method was not developed to study the potential for smouldering fires in materials, but based
on the results from this project it could also be relevant to document smouldering behaviour in
thermal insulation.

9.5 Smouldering: Effects of cooling

FRIC has performed smouldering fire experiments in the project Smouldering: Effects of cooling.
The experimental setup from the EMRIS project described above was used, and in addition a
copper tube with running water was introduced in the material sample to cool down the
material. Results from this set-up have been presented in several publications [24,31-33].

9.6  Ad-hoc experiments in fire investigations

In addition to research projects, experimental methods with smouldering may also be used as
part of fire investigations and evaluations of fires. Flying embers and sparks, for example from
wildland fires or from hot works, can cause ignition of smouldering fires in construction
products on buildings. When choosing test method in a fire investigation, standardized test
methods are often used as a starting point or inspiration for ad-hoc set-ups adjusted to the
purpose, to document certain scenarios related to the incident. As an example, as part of an
investigation of a fire in a wooden avalanche cover in Norway [34,35], a combination of on-site
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demonstrations and laboratory experiments were used to document the possible onset of
smouldering in the wood, see Figure 9-5.

Figure 9-5  Example of demonstration experiment in a fire investigation, documenting how metal
particles from hot works may ignite a smouldering fire. On-site demonstration of the case
(left), laboratory ad-hoc experiments with heating of metal particles in a ceramic holder
(top right) and placement of heated metal particles on wood with different geometries
(bottom right). Photos: from [35], used with permission.

Another example is an investigation of a fire in a cellar, in which recently applied spray foam
insulation was suspected to have initiated a smouldering fire near the timber construction
[36]. The scenario was recreated in the lab, and it was demonstrated that a smouldering fire
could indeed start in this scenario, see Figure 9-5.

More information on methodology and how to utilize experimental documentation in fire
investigations can be found in NFPA’s Fire Investigator [37] or in Kirk’s Fire Investigation [38].
Details on fire investigation issues related to smouldering are presented in Babrauskas’
Smoldering Fires [4].
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Figure 9-6

Example of ad-hoc demonstration experiment of smouldering in a fire investigation [36].
Inserting insulation foam into an insulated box representing a building cavity (left) and the
cross-section of the foam after the experiment (right). The experiments demonstrated
ignition of a smouldering fire in the insulation foam because it was inserted into the cavity
too rapidly and not allowed to cure properly. Photo: provided by RISE Fire Research, used
with permission.

24



SMOULDERING FIRE TEST METHODS — DOCUMENTING THE POTENTIAL FOR SMOULDERING FIRES IN THERMAL INSULATION

10 Discussion

10.1 Factors impacting the outcomes of tests

There are a number of factors that will impact the results from tests using different methods.
The dimensions of the specimens will influence the results, since scalability of fire dynamics is
not necessarily linear. Orientation of the test specimen (horizontal, vertical, angled) will also
impact the outcome, as will position of the test specimen relative to the ignition or heat source.
In addition, there are many different ignition and heat sources used in test methods, including
radiant panels, hot particles and objects, smouldering cigarettes, electrical wire heating sources,
hot-plates, ovens and open flames. This will naturally also impact the outcome of tests.
Condition of the specimen, such as moisture content, initial temperature and density
(particularly for loose-fill insulation) is also important for smouldering properties.

Comparison of results between different test methods is therefore challenging, and should in
most cases be avoided. Caution should be made if it is deemed necessary to compare results
from different test methods.

10.2 Knowledge gaps and need for new test
methods

In the survey of test methods made in this report, we have found that many of the standardized
test methods available have some key challenges. The current smouldering test methods mostly
regard smouldering as a material property, neglecting the influence of adjacent materials in end
use, as well as geometric properties. This approach may result in inadequate results of the test,
e.g., when a 20 mm thick porous material is tested without the adjacent insulation material that
will be present in end use. In 2023, CEN/TC 127 Working Group 4, Task Group 6 has started the
work on further development of the EN 16733-test into a test method that will take geometry
and material combinations into account.

Many of the standardized methods are quite similar regarding type of ignition source, type of
specimen, type of assessment criteria etc., and that is quite logic. However, as for most fire test
methods, it is not possible to translate test results from one smouldering test method to
another. A harmonisation of similar test methods may therefore be useful.

The large span of ad-hoc experimental methods developed by the studies presented in chapter
9 also gives an indication that the currently available standardized test methods do not give a
complete insight into the fire dynamics of smouldering fires in thermal insulation. There is
therefore a need for a further development of existing test methods as well as potential new
test methods.
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Another area in which more knowledge is needed is ageing of products. Over time, ageing may

lead to changes in the density or degradation of the product, which may impact the smouldering
properties.

Finally, an identified knowledge gap related to smouldering is the transition from smouldering
to flaming fires, which is an area where both experimental and numerical work is needed.
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