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Abstract

This study aims to illustrate whether the application of foam insulation is appropriate compared to
the hazarsland issugsesentedo e.g. residents, first responden®nsic fire scene investigators
theauthoritieand the environmenit explores the application of foamulationn the context

of e.g.seltheating, fire load, fire spresaditoxicity It is based on researchsofentific literature,

practical guides and manuals and forensic fire scene inveaSgaébmaa questionnaire afice
statisticsThe application of foam insulation might have a positive impact on insulation properties
energy consumpti@nd envionmentIn the contextof fire, though it creates an elevated ffimk
everyon@resentFoam insulation contributes to the fire load and toxicity and cagadés

developing fires and risk of structural collapses. It elevates the risk of fadabitistsants loss
mitigation.

Keywords: Foam insulation, spontaneous combustion, fire fighting, fire scene interpretation,
toxicity
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Summary

Spray foam insulatigre. Polyurethane (PUR) &wlyisocyanate (PIR) and related foam
insulation materialsas bee applied in the construction of buildings a@skelfor many
yearsFollowing the forensic fire inviggttion on a 7805 BRT industrial trawler, M/T Athena,

in the Faroe Islands in 2011 it became clear that foam insulation has both positive and negative
properties depending on the point of viEle fire investigation on M/T Athena showed that
spray foam sulation had the capability to-$e&t which eventually could lead to spontaneous
combustionFoam insulation may not only contribute to the fire bnddvill sometimes act as
the ignition sourcét the same time it showed that a fire where foamtiosutontributes to

the fire load causes problems for the incident responders in térenalwlity of rescuing
occuparg tactical decisions and health and safety issues. The forensic fire investigation
following a fire where foam insulation is coutirilg to the fire load is oftélmampered by
massive fire damage. Determination of point of drégiomesnorecomplicatedand the fire
patterns can be difficult to interpret. Biotst responders and forensic fire investigators must
consider possiblexic issueatthe fire scene as well.

The application of foam insulation in building and vessel construction is inartdessagme

rate as the demands for energy efficiency and envirorsoeoéahs. Legislation musike
surethat the requirementsrfapplication of foam insulatido notresult in amncreased risk

of fire or endangéives and property. The authorities have to rely on unbiased infoamation
building materials tmalance the requirements for fire safety and the need for economic and
environmental objectivities.

Fire testing of building materials must be tested to meet the fire requirements of classification.
Teging will determine the reaction of a product in alfirere are many methodologies for

testing products for applicationbuildings and vessels. Both sswalle and fuicale testing

must be considered to gain the knowledge of the fire potential of a [Ficeltests can also

be performed for reconstruction and/or for testing a hypothesis in a forensic fire iovestigati
Testing can be performed botksitu and iralaboratoryBoth methodologies must be

considered in the forensic fire investigafire testing in this study skaw-situ tests show

the reactions on the scene as close to reality as plossidler, laboratory tests can support

the fire tests done-gitu. Together the testing methodologies can carry substantial evidential
weight.

A questionnaire was desigfmdhis studyas an online survéyr a variety of respondents.

The guestionnaire aittsshow the significance of application of spray foam insulation in
buildings and ships from different view poirgslegislators, fire fighters, insurance and

forensic fire scene investigators and to study the general knowledge and evaluation on foam
insulation

Analysis of fire statistics from England, Sweden and Denmark was conducted tah@ompare
similarities andifferences between the reported information that was used to create the
individual statistic¥his to illustrate the need of a similay wf reporting information from

incident responders. It was of interest to see if the statistic information could be of use between
the countries for e.g. improvement of fire fighting, health and safety issues, hazardous materials,
toxicity of materialand loss mitigation.
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1 Background

In the oil harbor in Runavik in the Farskauhds a fire occurred in 2011 on the 7805 BRT fishing
vessel Athena which was under preparation for fishery. The ship had returned to the Faroe Islands
from China after comprehensive renovattiowinga previous firelwo seamen andne

insulator on bard the vessel gesifelya s h o r e . ull @menonsuim tapk® (%or réfrigeration)

and a large amount of pressure bottles and fuels represented, along with the foam insulation in the
ship, a risk factor for the firemen. The fact that Athena was do&kethinik representad

relation to firea risk for the population the townas well as an environmental risk as the ship

started to drift during the fir& village opposite the harbor was evacuated following the fire due

to suspicion of toxic smoke.

The investigation was performed by the author of this paper and a college representing the Danish
Forensic Services assisted by a technician representing the Danish Fire and Safety Institute. The
investigation was requested by the Chief of Police ofrtieelslands.

The following forensic fire scene investigation showed ¢haaitit of origin was at deck 1, see
appendix, figure The fire had occurrexs a result gfelfheating, leading to spontaneous
combustion(Drysdale2011) inthe spray foam insulatidallowingthe finalapplication work

The vessel was practically empty at the time of fire. The final insulation work was underway at
deck 1, where the insulator had just stepped out of his work area to chamgethbigibelmet.

He saw that a fire had started in the work area where he had left his spray gun. He ran for a fire
distinguisheibut had tdeavehe rapitly accelerating fiia orderto warn the remaining crand

save himselThe fire spread rapidly the othefive upper decks due to mechanic ventilation and
open hatchedhe entire vessel burned out.

The fire scene investigation showed that the point of origin was inside the work area on deck 1. A
short circuibn the cable to the lighting, whighs shore supplied, confirmed the location of the

point of originTheshort circuitvas collateral damage due to the cable being exposed to a degree
of heat from the fire. The heat melted the insulation on the cable and two conductors touched
each other tich created the visible mark shart circuit Theshort circuiconfirmed the

location of the point of origin.

The fire on Athena clearly shamthat foam insulation increases the fire daaatl in this

particular inciderfbam insulation constitutéioe main part of thigre load on boardcoam
insulation has been applied in buildings and vessels for mafhgatesmands in the present
building regulations goerformancéasedThispermitsthe applicatioonf foam insulation in
buildings and vedsdBuilding Regulations, 2015; Order of Notice B from the Danish Maritime
Authority, 20093s long as the required safety level is red¢teedse ofraditional insulation
materials e.gaineral wool is more expensive than the usgoPolyurethanBUYR) or
PolyisocyanuratPIR). This factould lead companies to build storage fadihit@ber countries
where the authorities haatess strict attitude towards tise of foam insulatiofhis means that

it is more profitable for a Danish comp#nipuild storage facilities abroad than to build them in
Denmark. In that perspective Danish building companies lose jobs and income which is why they
welcome a new set of energy demands and fire reg@lassosiation of thBanish Plastic
Industries2014)

The Danish Association of Fire Fighters tiashe other han@xpressed thetoncern abouhe
increasing use of foam insulation in buildings and ships as a consequence of the increased fire load
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and a faster fire gpagation, includirthe densand poisonous smoke that is developed by the
foam insulationThe smokg(Kjeer, 2011)might also be carcinogenic which is supported by the
work of (Purser, 200@nd(Sec & Hull, 2011)

In the autha®s experience afterore than 30 years in the Danish Pdheelast 14 yeao$ which
as fire investigatar the Danish Forensic Servjieterpretatioaon the fire scenesvebecome
more difficultdue tothe applicon of foam insulation in buildings and ship constructions,
resulting in increased fire lpselvere firpropagatiorand as a result of thia greater extent of
damage.

Department of Trade (1976) stdtedthe increased use of foam insulation crpedbems for

the actual extinguishindpich is supported by Ryder and Sutula (28%i6jnay be harder to

reduce the fire spreadd velocity. This was one of the problerttseifiresmentioned irsection

4.3 AelbaelSecialitiedutlandDenmarkandachicken factory in Praest@eeland, Denmark

Fire fightingpecomes more difficult due to the increased fire load and the risk of physical injuries
and poisoning by inhalation of hazardous particlesiHebutning insulation materig@@sandt

Rauf, et al., 1988)

The increased use of foam insulation could lead to a totally different approach regarding incident
response, ways of fighting fire, and consideration on rescuing of persons caught in a burning
building or ship.

The above mentioned isspessenthe authoritiewith the dilemma of having balancéhe
specific fire demands and safety conditions versus economic and environmeviiahgains
applyingoam insulation.
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2 Introduction

Foam insulation.g. spray foamgulations appliedn all kinds of ship constructmrin fire
scene investigatigrey.the case story of M/T AthermadMerchant Shipping Notice No. 782
(Department of Trade, 197has been found to have influenceceeithe occurrence of the
fire,thedevelopmenof the fireand/or its severity.

Aswas the cas# the fire on the fishing vesB#IlT Athenafoam insulation is known to have
seltheating abilities when the foam insulation prddudeng Danish emergency Management
Agency, 2011%elf heating can lead to spontaneous ignition

Spontaneous ignitighentini, 2013 defined as the result of exothermic reactions that initiates
the combustion of a rraial Following ignitioniie material can either bioyitself or spredto

other combustible material.

The fire on M/T Athengas mentioned isection 1; Backgrouidasmussen, 20liEan example

of spontaneous combustioccurring during application of spray foam insulation on the cargo
and freezer deaK the vessel

The fire on M/T Athena is interesting Bonumber ofeasons:
1 Did it occur following incorrect application of spray foam insulation?
1 Would it have occred if all remaining renovated foam had been removed before
application?
1 Are there any other ship fires where application of spray foam insulation has been detected
as a cause of fite

Following the firsscene investigatiam M/T Athenain-situfire tesingshowed that the

insulation material, when layers were applied too thickly and in rapid succession, was able to reach
temperatures welbove220°C.

This was enouglasconclued in the case story of M/T AthefRasmussed,, 2011}o create a

severe charring inside the foam insulation which eventually would stad.exyrgen gained
acceswhenchannelérom the combustion in the coretbé insulation materi@l the surface
werecreatediue tothe sekheating.

Foam insulation is ustmlan increasing extan the building of both commercial and residential
building as a low cost and highly suitable matEughermore} contributes to the reductioh o
carbon dioxide (CQ&mission due to energy savings.

PIR and PUR are both tyguf foam insulation. Both have a good insulation property and
consequent)ypoth meethe high demands for insulation on the Danish m@g&stciation of the
Danish Plastic Industries, 20)am wich is produced on the basis of polyisocyanusates
generally described as Polyurethane (PUR) or Polyisoncyanurate (FBR}HdddR and PIR
are thermosetting plast{d&ational Fire Protection Association, 2(ddfjned a plastic materials
that are hardened into permanent shape in the manufacturinggprddess a char in fire.
Thermoplastic is a polymer that can melt without appreciable chemicgdDxetmaye & Icove,
2012) It iscompogd of the same two items which are Polyol ancalsatey Depending on the
mutualrelationship between Polyol and Isocyanurate different amounts of either PUR or PIR
compoundsn the structure are formeghdbased otthis the material is classified deeiPUR

or PIR.
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PIR has basically higher stability than,RO&PIR burns poorly acdeates lessnoke than
PUR. As theres always some part of PUR in PIR matébieéhan & Icove, 2012)e fire
properties of PIR depends the amount of PUR.

In the context of forensic fire scene investigatidmere the foam insulation is eittierignition
source due to sdieating leading to spontaneous combustioandribues to the fire loadt

could mean that the fire scemeiipretation is hamper@yder & Sutula, 201t6)such a degree

that the point of origin or the cause of fire cannot be idenlife@doincreases thisk of

wrorgly identifying secondary dalse point of origin, or @ould lead to the misinterpretation

that liquidaccelerantsave beeninvolved in the fire due to the rapidRyder & Sutula, 2015)

This can alsoomplicate the possibility of finding flammable lasiidam insulation whe
contributing to the fire load tend to leave similar fire patterns on e.g. floors as does flammable
liquid.

At the forensic fire scene investigations on the fishing vessel Athena fire specific information on
the risks of selieating by the applicatiohfoam insulation material wast presentNor was
informationavailabl®n removal of older insulation material when renovagradamaged foam
insulatiorand the influence of the remaining material in terms of fire when adding new
applications of spydoam insulatiopresen{Rasmussen, J., 2011)

Spray foam insulation will over time degenaradethe cell structure will be ruinediregid
large air filled compartmsnhthe sprayoam insulation which initially mfagd a fire occurring
in a neWy appledlayer of foam insulation aas the case onboard M/T AthgRasmussen, J.,
2011)

Followingthe fire scene investigation on the fishing vessel Athena an international request was
issud via the International Association of Marine Investigd#itl) to obtaininformation

from other countriethatmay have had experiences with ship fires associated Anghtsaif in

spray foam insulation. From the respomsg#ioned to the aline request(Iinternational

Association of Marine Investigator, 20t4ppeared that there were no other ship fires where it
had been concluded that $edfiting leading to spontaneous combustion in spray foam insulation
was the ause of fire, although it was found to be the cause of a large number of buildihg fires.
limitations of the oiine responses consisted of the fact that the request was directedlittea
forum, and the responses received were rarfslome of theaspondents had a suspicion that
spontaneous combustion in spray foam insulation coulbdavéheausef fire in some of

their investigations on ship firlest they had not been able to prove it tHradeforethe cause of

fire wasundetermined.

2.1 Problem identification and purpose.
Thisstudyfocuses on the application of foam insulaignPIR and PUR in the building
industry and in ship constructiand the resulting problems thereof in connection with partly the

fire extinguishing efforts as hasd the feensic fire scene investigation as a result of:
1 Application procedures, technical installations, claddingp(hess combustible material)
1 Seltheating leading to spontaneous combustion
1 Fire load contribution of foam insulation
1 Fire spread velocity of fire propagation
1 Toxicologyd health and safety issues

10
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1 Environment

2.2 Hypothesis
Based on problemdentification and purpose the following hypothemede formulated for
verification:

2.2.1 Firefighting
Hypothesis 1: the application of spraynfaesulation is a hazard to fire fighters
Hypothesis 2: the application of spray foam insulation requires archanggnt responses

2.2.2 Forensic fire scene investigation
Hypothesis 3: the application of spray foam insulation complicates fire sceyaiomvest
Hypothesis 4: the application of spray foam insulation complicates the fire scene interpretation

Hypothesis 5: the application of spray foam insulation can prevent the possibility of finding the
point of origin and the cause of fire

Hypothesis 6: aen spray foam insulation is part of the fire load the forensic investigation will be
based more on tactical information and witness statements than fire scene interpretation

2.2.3 The authoritiesbposition
Hypot hesi s 7: the aut baodsafetyissealistic pra pustiied on on  f i

Hypothesis 8: the application of foam insulation ensures the economic and environmental
objectives

Hypothesis 9: the use of foam insulation in comparable countries justifies the present fire demands
and building codein Denmark

Thisinvestigation will illustrate thazards that fire fighters and other interested parties in fire

fighting and fire scene investigatdom exposed to as a consequence gppieation of foam

insulation e.g. PolyurethaR&R) andPolysocyanuratd’(R), as well as the consequences of the

aut horitiesd position on fire regulation rela
with the attempt to achieve environmental and economic objectives.

This investigation concenggbn the application of PIR and PUR as those insulation materials
are used in the construction of both buildings and ships.

Geographically, this investigation will include Sweden, England and Denmark as those countries
are comparable in terms of buildnaglitions, fire regulation and positions on economic and
environmental issues. Other countries could have been included in this inydstigaiauld

make the investigation too extensive.

Fire testing used in this investigation are tests thatdeawvpdsformed in relation to fire scene
investigations e Danish Forensic Services (NKC) and those of collabomttire Banish
Technical University (DTIJhe Technological Institute (@ndthe Danish Institute of Fire and
Security Technology HD).

Testing done by other parties i.e. insurance companies and fire depeatenesés to illustrate
the difference and the diversity of fire testing and the results thereof.

11
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2.3 Structure
The structure of this investigation is based on the Danish INBtitina, Forensic Services fire
report customized to scientific writing and with extensions consisting of the abstract and the
foreword.

12
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3 Method

3.1 Generally
This study originated from a desire to investigate the impicatqplication of foam insulati
in buildings and ships in relation to fire fighting and forensic fire scene investigaitson.
motivatedby the investigation ahipfires anddifficultiesexperienceh that context.
Furthermorethis study illustrates the legisld@impproach ofiire regulations and safety versus
environmental and economic gains by application of foam insulation and the possible
consequences thereof.

The basis for ik studyconsistdof literature searchascluding textbooks and internet searches
i.e. scierfic work regarding foam insulation, components for foam materials, fire in foam
insulation, toxicity of foam insulation, fire tesbodding codes and legislation:

M International literature, research and textbooks.
Information on foam materials and Spoeous combustion.

Regulations on materials.

1
1
1 Experiences from fire fighting and forensic fire scene investigations.
1 Fire testingpoth insitu and in laboratory e.g. case story M/T Athena.
1

Statistic materifdom England, Sweden and Denmaals implementieto gain knowledge
of how statistic datrecollected and usesee appendix 3 to 6.5.

Legislation

Questionnaire/online survey for illustration of the general knowledge of and assessment of
spray foam insulation and the practical approach to sprapdatatian and the

significance thereof in the context of fire fighting, working environment, health and safety,
insurance and legislation, see appendix 1.

To find the level of statistic information thaisavailable for incident respondéesstatistial
datafrom England, Sweden and Denmark were compared teeaalyarities and differences in
the statistical information regardingsfiveere foam insulation was part of the fire load.

A questionnaireyasimplemented for information on the general kedge and valuation of foam
insulation. The questionnaives designed and disseminated to recgplentingn interest in the
application of foam insulation whether the interest was of professional, investigative, insurance or
political natureA proporionate ethical review form was submitted and approved in connection

with the questionnaire.

Theinvestigationvas limited toDanish conditions in the case of building codes, legislation,
guestionnaire, fire fighting and forensic fire scene investigag@andeand Swederere
included for comparison of statistic information. English and Swedish building codes and
legislationwerenot included due to the extafitthe investigation

3.2 Researches, literature and practical guides.
For theresearclof literatuwe and practical guides the references are both national and international
within the area of fire investigation. In the aspekustratinghe scientific background for the
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manufacture and application of foam insulation and the scientific appfoadtéme
investigation, following literature and practical guide are to be used:

1 Kirks Fire Investigation
T NFPA 921

1 An Introduction to Fire Dynamics and Ignition Handbook

Nordic FireManuals the basis and processegrattical forensic fire scene itigagion and fire
scene interpretation in Denmark.

Analysis report from The Technological Institute, Arhus, Deraneukedior illustrating the
cooperation between external partners and The Danish Forensic Services on analysis of fire debris
and fire teting.

In theon-line searckeyword,i.e. spray foam insulatigrolyurethane, polyisocyanuréite in
foam insulation, fire fighting and foam insulation and toxicity of foam insht®been used
to find articles and presentations of intéoeshe investigation

Scientific literaturand analysis reports from the Danish Technological Inatithie basis of
the information on Polyurethane (PUR) and Polyisocyanurate (PIR) and the information on
spontaneous combustion.

Material description gpray foam insulation, worlanuals and safety data sheste beensed
to illustrate application methods and health and safety issues following application of spray foam
insulation.

Danish Forensic FitavestigatiorReportsincluding the case M/T Athe,havebeen used to
illustrate fire scendse fightingfire scene investigatiand fire testing.

The @ase M/T Athena and fire testidgne by collaboratqiise. The Danish Technological
Institute,have beensed to ilistrate testing methods ahd tonnection betweand the
importance ofire testingpothin-situ and iralaboratory.

Stdistic material from the Sweden, Englandiserdnarkhave beeanalyzedusing keywos]i.e.
foam,spray foam insulation, polyurethandpolyisocyanurafer comparison of the statistics
and the collection of data from incident responders

The search of legislatimlimited to The Danish Building Act, The Danish Building Regulation

and Collated Examples of Fire Safety Measures in Buildings to illustoaigitibascin

Denmark regarding prevention of fires, fire safety and application of foam insulation in buildings
and constructions

Requests viaternational Associatimf Marine Investigators Forum following the fire on M/T
Athenaareincludedor information on fires on other shipdere the cause of fire was identified
asspontaneous combustion in spray foam insulation.

3.3 Interviews
Interviewshave been conductedth i.e. Danish Emergency Management Agency, Swedish Civil
Contingencies Agendyly{ndighete for Samhallsskyd og Bered}kahe Swedish Fire Protection
Association (Brandskyddsforeningen) and Building Research Establishment, England, for access to
statistic material and additional information on ways of reporting information and the use of
statstic material in the context of fire fighting.
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3.4 Analysis of statistics
Statistics from England, Sweden and Denhsad beenompared to analyze the similarities and
the differences between the reported informationtasedate the individustiatistics In the
search keywordgere usedelating to foam insulation and fire.

Thepurpose of theearchsto illustrate the need of a similar way of reporting information from
incident responders. Ttiegeecountries are comparable on incident respangg is of interest

to see if the statisiicformationcanbe of use between the countries fgrimprovement of fire
fighting, healftand safety issues, hazardous materials, toxicity of materials etc.

3.5 Questionnaire
The guestionnaire serves to illustiaegeneral knowledge and assessment on foam insulation in
building and ship construction and the significance of foam insulation on residents and crews
under normal circumstances and in case of a fire.

The recipients include Danish authorities, fire the@ats, forensic fire scene investigators,
insulators, manufacturers, insurance comptm@d3anish Institute of Fire and Safety
Technologyndthe Danish Forensic Services.

The questionnaire illustratbe significance of application of spraynfaesuation in building and
ships according to legislators, fire fighters, insurance and forensic fire scene investigators and to
illustrate the general knowledge and evaluation on foam insulation
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4 Result

4.1 Applicability of foam insulation
Thisstudyillustrate how foam insulation over time has gained ground in ship construction and
the building industry as a loast andexcelleninsulation material. At the same time, howiever,
has resulted in greater hazéodghefire fightersand othepersons preseon a fire scena the
context offire extinguishing, difficulties in forensic fire sgermstigation andterpretation, and
the authoritiesd position on fire re@anal ations

Spray foam insulation redubeat and cold transmission better than previous insulation materials
e.g. mineral wool. It is a lightweight material (PU#8 B§/m3 against mineral wool:B&D

kg/m3. It makes construction work easier and faster. It can be produced on the beliédidgsi
relative low cost compared to other insulation materialSabeéiiz, 2016)

It is amaterial which is easy to handle and apply. Spray foam insulation has very low thermal
conductivity which means that a thinner lsyequired to gain the same energy efficiency level as
most other insulation materials gain by applying thickei(Asgarsiation of the Danish Plastic
Industries, 2014)

Both PIR ad PUR foam is produced on the basidyil@nd diand polyisocyanates. PIR foam

is characterized by resistance towards high temperatures and low flammability in combination with
little smoke development. PIR foam is mainly used for production of insulation panels. Standards
and requirementsrf PIR foam are the same as for PUR f&4sR insulation products are

mainly used for composite insulated panels or sandwich panels and can be applied in walls, floors
or roofs etcPIR and PUR do not absorb water, ainereforethey keep their thermal

conductivity abilities when exposed to i.e. Baith PIR and PUR are thermosetting materials

which can be processed with cutting tools. By cutting one should avoid inhalation of dust from the
foam andheuse of hot wire for processing should be discalirBlge foam material will not

shrink over time antherefore(Association of the Danish Plastic Industries, 2048 will not

be areas in the building or construction where the insulation collapses.

The innovation of neluilding materialsenefit builders and ship constructors to reach the
objectivedor less energy consumption and less CO2 emission that is stated in international
agreements and within i.e. the European YEBiummpean Commissip2009)In that context

spray foam insulatipine. PIR and PURontributes to the efforts made to mees¢éhdemands
(Association of the Danish Plastic Industries, 20i4he other handhe new building materials

creae various problenfer the residents in the buildings, crews on ships and the incident
responderéKjeer, 2011 and the fire scene investigafdlsrwood & Sean, 2013s long as the

spray foammnisulation material is properly applied as prescribed, covered with suitable non
combustible facing, it affords no hazards for the fire safety. Problems arise when a fire occurs in a
building or ship where foam insulation is part of the construction.abhénfsulation can

influence the fire propagation in many WRyder & Sutula, 2018).increase the fire load,

increase the fire spread and the velocity of the fire, increase the heat output, increase the toxicity of
the snoke produce by the fire and increase the risk of structural damage and collapses.

Manufactunes of spray foam insulation and the plastic industry as gustoferan extended
use of spray foam insulati@ssociation of thBanish Plastic Industries, 20d4¢ to the
versatility and the variety of produotserve any purpose needed.

Thar argument is based on the claim spedy foam insulatidravebetter insulation
characteristics than other insulation matéki@tsineral woolThey also stress thase of use
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and lower cost. Furthermotieelobbying visxvisthe legislatongoints athe benefits of

decredsag construction costs and keeping jobs instead of letting companies move to other
countries where the burd codes are less strict and construction work therefore cheaper. Finally
thelobbying argudabat spray foam insulation and other foam insulation materials lower the CO2
emissiosand the energy consumptitoth ofwhich are important steps toward nmegethe

targets set by international agreements ar{gEbpean Commission, 2009)

Spray foam insulatigAmerican Chemistry Council, 2@h6)be applied both as insulation and as
sealant. It canebapplied in walls, roofs and in floors to form air barriers to prevent cold and hot
air and moisture and vapor from infiltrating the interior environment of a building

Heat Flux (KW/m?) vs. Ignition Time (s) for Foam

Insulation
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Incident Heat Flux, q" (kW/m2)
Figurd: Heat flux versus ignition time for spray Usiviatiity of Maryland/Ryder and Sutula, 2015

One of the key factofsr the contribution of spray foam insulation to the fire |dhe iseat
flux, i.e.the rate at which heat is falling on a surface or passing through{eedraa & Icove,
2012)created by a fire in a construction wheréotima insulatiomightnot bethe first fuel
ignited.

As illustrated by @ne calorimeter test of green materials for construsg®figuré, conducted

at the University of Mgiand the foam insulation achieved ignition at very low heat incident heat
fluxes (<10 kW/m?2) in less than two minutes of expd&y@er & Sutula, 2019he fire

retardant foam showed similar behavior as théreaetardat varieties. All tiee foams

performed identically, see figur&He difference in foam insulation versus traditional insulation
productsi.e. cellulose, mineral wool or fiber insulation products (Ryder and Sutula,,2@14)

be examined by using a stard t2 fire growthT?expresses that peak Heat Release Rates follow
a relationship approximately proportional to unit time sg{@uediere, 1998ased on this fires
can be divided into either slow, medium, fast oradtr&bam insulation will ignite readily,

even when treated with fire retardaamd will expand towards the fire. More traditional

insulation materials may be n@ombustible or provide a slow fire growth.

When foam insulation is exposed to heat itezaoh ignition temperature. The foam insulation is
already provided with oxygen due tactiilar compositigand a rapid fire spread is possible
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within the constructigme. cavity wall, ceiling or flanot to mention upholstered furniture,
pillows and other foam filled items eventually included in the fire load.

4.2 Online survey
The online survey was sent to different recgeach of whm had an interest in the application
of spray foam insulation whether the interest waagaditical, professial, investigative or
insurance nature.

The guestionnaire includes the Danish Institute for Fire and Safety, insurance companies, Fire
Departments and otheiite purpose of the questionnaire serves to illustrate the general
knowledge of and assessmeispody foam insulation and the practical approach to spray foam
insulation and the significance thereof in the context of fire fighting, working environment, health
and safety, insurance and legislation.

Furthermorethe questionnaire serves to illustrate &in extended application of spray foam
insulation in building construction is being assessed to affect the residents both under normal
conditions and during a fire.

Design of the questionnaire

The guestionnaire aims to show the significance of applafatfray foam insulation in

buildings and ships from different powitsiew i.e. legislators, fire fighters, insurance and
forensic fire scene investigators and to study the general knowledge and evaluation on foam
insulation

Key areas of consideratishen working outhe questions presented in the questionnaire were:

1 Concerns relative to the use of foam insulation in buildings and ships, both in project
planning and in construction.

Implications for residents or crews when foam insulation is aplieidings and ships.
Concerns to be observed in relation to incident responses.

Theeffect of an increased application of foam insulation in buildings and ships in the
context of fire fighting/incident response.

The sufficiency of active fire protestgystems
The extenof fire damage in the context of application of foam insulation.

Forensic fire scene investigation in the context of fire scene interpretation.

= =2 A =

The connection between legislation and application of foam insulation.

4.2.1 Design and dissemination

The survey was designed as an online questionnaire on the survey platfoxoreyeyhere
all the responddiimput was stored. The questions were designed for answers in free text apart
from 2 valued questions. The questionnaire was writt@mishD

A proportionate ethical review form was submitted and approved in connection with the
guestionnaire.
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The guestionnaire was disseminated on 3 June 2016 to 53 respaha#ing persons frothe
Danish Institute of Fire and Security TechnotbgyTechnological Institute, Danish Fire
Brigades, insurance companies, manufescturdhe Danish Forensic Services.

Deadline for the questionnaire Weesd atl5 September 20I8e number ofespondents in
total: 2.

Oneresponsé#2) was a test armheresponsé¢#l7)was withoutanswer Bot h i ncl uded ¢
r e s p arsspoaderstdid not answer the questionnalitee respondents to the questionnaire

consisted of persons from the Danish Institute of Fire and Safety Technology and the Danish
ForensicServices as well as a respondent from an insurance company and a respondent from a fire
brigade.

4.2.2 Limitations

In the valued questions 5 and 10 the author has not thoroughly explained the actual values
importance in the context of the possible answeranéhiss that several answers include values
that do not fit to the chosen answer which is why they are not included in the analysis.

4.2.3 Analysis

Q 1: Which concerns should one observe by the use of foam insulation in buildings and ships? During
planmg? In the context of building/construction?

The replies focused on concargardinghe applicatiorof foam insulation in case of a,faed
41%mentioned fire spread, toxic fumagh flammabilitgnd heat. In the context of
building/constructiorb®b replial that foam is an excellent insulation material as long as it is
protected against fitdo response21%.

The responses showed that the respondents lbath&on abouthe application of foam

insulation in buildirgand vessel construction asigei fire hazard, hence a general agreement on
foam insulation being an excellent insulation material as long as it was prevented from contributing
to the fire load

Q 2: What significance can the use of foam insulation in buildings andastigisreve@tJtadiehabi
normal circumstances? During a fire?

38% replied thatnger normal circumstarstbere are no negative consequeaoesfoam has

good insulation propertié&3% replied that the time for reaching critical condititinse lower
e.g.evacuation and the burning foam will produce toxic fumes and contribute to rapid fire spread.
No response: 2%.

As answered in Q1. The respondent assessed that foam insulation contributing to the fire load
decreased the possibilities for residents/creaceape the fire safely.

Q 3:Which concerns should one observe in connection with fire fighting where foam insulation is part ¢
Safety of persons? Safety of the fire fighters? The extiegltisindgaféiytssues?

54%replial thatevacuation of personas importandue to rapid fire spread and toxic fumes.
25% replied thatre fighters need to take precautiemegardspid fire spread and use
protective equipment during extinguishia@o mentionedneironmental issuasd
consideratiasof toxicity on the fire scene both under and after th&breesponse: 13%.

Again fire load, fire spread and toxic fumes are the main someefine where foam insulation is
contributing to the fire load. First responders must wetgcpve equipment during and after the
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fire due to toxic gasses and toxic byproduct from the combustionsalgora hazard to the
environment and for pefite work on the fire scene.

Q 4:Will an increased use of foam insulation in building artducting be assessed to affect the
fire fighter8ability to extinguish the fire?

67% replied that will be more difficulincludingtrouble controlling the firepnsiderationsmo

how to enter building or vessel on drevhetherto enter at all, moontrolled burrdown or
demolition, more difficult to fight fire in vessels due to thinner protective cladding for weight
reducing. New and better extinguishing methods will be developed along with the introduction of
new building materiado response20%.

Tactical consideratigresg. entering a burning buildiagntrolling the fire, damage mitigation in
terms of burrdown or demolitioywill affect the fire fightexghenextinguishing a fire where
foam insulation contributes to the fire |dad atthe same time lead to innovation of new
methods.

Q 6: Will the present active fire protection initiatives (automatic fire alarm system, automatic sprinkler :
ventilation system, escape routes etc) be assessed to be suféad v @omipsukditm timebusldings
and ships?

21%mentionedroblems for fire protection systems to react on a fire inside foam inf#ation,
mentioned no reactida a fire on the exterior side of a building before the fire spvehd
interior12% metionedno protection against an ultrafast fire in foam insulaB8étmentioned
that the active fire protection systems are sufficient under the current lebisletgponse:

21%.

The use oéctive fire protectiogystems was generally assessedfaorbeor importance in fires
where foam insulation contributed to the fire load and fire spread.

Q 7:Is the application of foam insubaiiidimgs and ships considered to have importance for the extent of
damagesmparedites where fommation has not been applied? The extent of the fire damages? Insuran

54% mentioned thatgontributes to the fire load and fire spré&mentioneéhcreased
demolition 33% maetionedlarger extent of fire damagad13% mentionethrge insurance
claimsNo response: 8%.

Due to the fire load and fire spread the fire damages will be larger as fire fighters might have to
consider controlled budown or demolition as a means of extinguishing. This will lead to
increased insuranclaims and increaseaksts for the society.

Q 8:Will the application of foam insulation in buildings and ships be assessed to have importance for t
interpretation of fires where foam insulation has not been applied? The condition of the fire scene? Ev
collection? keand safety issues?

548% repliedhat the application of foam insulation are of importance to the interpiEgé&tion,
mentioned thatlrned foam insulation can imitate participation of flammable [8%6idsplied
harder to interpret due to larger fieandig&% mentioned thavidence collection is hampered,
4% found itto beimportant implications for fire interpretation, which may be based more on
tactical informatiariNo response: 25%.

Fire interpretation will be harder on fire scenes where foaatiomsiis contributed to the fire in
terms of e.g. larger fire damage and misinterpretation of fire patterns. Evidence might burn or be
difficult to collegtand investigators might base their interpretation more on tactical information
and witness statents.
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Q 9:Is it assessed that there are sufficient connection between the existing legislation and the applicat
insulation?

8% agreed on sufficient connecti®fo mentioned thadequate consideraismn new building
materials are not addrek®8 mentioned thathanges in future building policiék result imo
connection4% mentioned thaésting must be performed to consréguirementassuring
legislation takes the desired fire safety into achlourgsponse: 33%.

Little connectiotetween legislation and the application of foarnaiiosuin buildings and
vessels as considerations of building materials do not meet the demands for fire safety. Legislators
must base requirements on testing and unbiased information of buildinig.materia

4.2.4 Fire tests

The Danish Technical University in cooperation with Lancashire University and the insurance
company IF haetested PIR againstionewool in container fires laagto the conclusion that

PIR is more flammable than previously anticipatédhe tests showed that the levels of the
poisonous gas hydrocyanic acid and hydrogen cyanide (HCN) were much higher in the PIR fires
than in the mineral wool fir@dcLaggan, et al., 2014)

TheUniversity of Maryland condutta cone calorimeter testing of different materials including
spray foam insulation of various types. The testing showed critical heat flux for ignition and heat
release rate for the materfRgder & Sutula, 2019he foam raterials tested basically yielded the
same result. There was no significant difference betwefne metardant and fire retardant

foam, see appendix, figure 2. The foam insulation ignited at very low heatdisdsgan 2

minutes of exposure. Thisd of testing shows that it is important to perform product testing in
order to understand their influence on fire growth and fire spread.

There are many methodologies for testing products for application in buildings and vessels. Both
smaliscale and fisscale testing must be considered to gain the knowledge of the fire potential of a
product. In some cases e.g. M/T Athena both methods show the same result and support the
identification of the fire cau@®asmussen, 201 iilerich, 2011)

Figur@: application of spray foam insulation during fire testing i Estojdng N20T 1201
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The tests oM/T Athena was performed shortly after the fire examination in the Faroese Islands

as the vessel was towed to Esbjerg for salvage. An independent insulation company participated as
well as a Faroese insurance company, atasinsam Burgoynes, a fire examiner from the

Institute for Fire and Safety and fimgestigators from the Forensic SerirRasmussen, J., 2011)

Following the tests in Esbjesgmples of the foam insulation was brought to the Technological
Institute in Arhus where it was scientifically testembtethe possibility of selfeating leading to
spontaneous combustion.

The fire tests onboard M/T Athena and on the quay of Gsshewed that spray foam insulation
applied too fast in successive layers to a thickness of 3fesuitad ira severe rise in
temperature in the core of the material and submitted dense/Asmakder of thermo boxes
wereplace on the quay. Sprayaim insulation was applied in each éitixer correct or

incorrectly according to the guidelines of the pragucteasure the temperatures when the
product was hardening, see figure 2.

The temperature was measured by thermometers inserted irrsirgdwhichthe spray foam
insulation was applied, so the tip of the thermometer would be in the middle of the spray foam
material when hardenimg tests performed on the quesere spray foam systems used on

board the vessel were applied too fast insicedayersemperatures ithe spray foam reached
222,6°C and in filling foam 217°C.

All the samples showed thaianbustion had taken place in the core. The propagation of the
combustion varied as did the degree of charring and discoloration deethgirapplication
method.

All thermometers were calibrated before testing. The application of foam insulation was performed
by an independent installer using the same type of foams, foam insulation mixer, hoses and spray
gun.

Boxes in varying sizes warsed for application of spray foam insulation, see figure 3. It cannot be
rejected that the size of the boxes might have an influence on the temperature development. The
inserted thermometers showed increasing temperature in the core of the foanminnalterial
samples.

Testl

A thermal box, 35 cm wi@e’5 cm long) 60 cm deep, which was filled with foam insulation up
to a height of 40 cm by a too fast and heavy application showed a rise in temperature from
201.5°C to 212°C over a period of 15 mintteavy smoke was seen from the foam mass.

Test2

A thermal box, 31 cm wi@b0 cm long) 40 cm deep, which was filled with foam insulation by
correct application showed a rise in temperature to 186°C after 21 minutes, 187.2°C after 29
minutes and 188.1%4%ter 31 minutes.

Test3

A thermal box, 35 cm wi@b0 cm long) 40 cm deep, which was filled with foam insulation by a
too fast and heavy application showed a rise in temperature to 222.6°C after 6 minutes. The box
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with foam insulation was cut in hadter 38 minutes. The foam insulation showed severe charring
in the middle decreasing towardsstivéace, see figure. 10

Test4

A thermal box, 25 cm wi@b9 cm long 40 cm deep, which was filled with foam insulation by
too fast and heavy applicationvgld a rise in temperature to 206 °C in 22 minutes.

Test5
Similar to the te#t, but correctly applied, showed a rise in temperature to 206°C as well.
Test6

A thermal box, 25 cm wi@b9 cm long 40 cm deep, which was filled with foam insulation by
too fast and heavy application showed a rise in temperature to 217°C in 5 minutes.T

The thermometershowed increasing temperature until stagnation apparently was reached.
However, whepulledtowards the surface of the samtllesemperature rose agstiowng that
the combustiogontinuel towards the surface of the foam layer. Thermo camera recordings
showed no change in temperature in the sampissvas assessed to be caused by the foam
material between the core and the surface creating a thermal barrie

The test resul{®asmussen, J., 20d&ye as follows:
1) Correctly applied filling foam- 206'C/no timing
2) Incorrectly applied filling foam 217C/ achieved after 5 min
3) Incorrectly applied spray foan212C/achievedafter12min.
4) Correctly applied spray foam188C/achieved after 31 min.
5) Incorrectly applied spray foar222,8C/ achieved after 16 min
6) Incorrectly applied filling foam 206 C/ achieved after 22 min

A rapid temperature rise occurred to a poiall the samples and then dropped significantly.
Whenpullingthe thermocouples towards the surface of the spray foam insulation the temperature
once again rose. This proyBésmussen, J., 20thBX the temperaturesewith the distance

from the core over time as the combustion progressed through the remaining cell structure of the
spray foam insulation.

Following the fire tests on the quay a reconstruction on 1 deck in the area of origin was performed.
By correct applicatn in successive layers to a thickness of 30 cm a temperature of 208°C was
measured. A schematic drawing, see table 1, of the area of origin shows indication of time and
temperature of thermometer measuring points.
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15.40 - 197° C
15.4171 200, C
16.2071 184 C
16.381 159° C
19.297 54° C
Front staircase
15.37 1 144°C Bh ‘H_H
i D L] 16.051 197°C
Port side %888 i %8%28
301
cooler 16.481 204° C
19.251 131°C
16.157 195° C
16.257 182°C
1. deck

Table 1:dmperature meamstat the reconstruction onboard M/1
Esbjerg harboovwghg time of measuring and temperatures reac
(Drawing By RasmusBi{C)

The temperature @asurements were carried out as spot measuring. Thieisfoot certain that
the temperatures are measured in the hottest areas of the spray foam insulation.

A sample taken from the hoses of the spray foam mixer used at the application of spray foam
insulation on M/T Athena was sent to The Technological Institute, Centre for Micro Technology
and Surface Analysis in Tastrup.

It was stated that the material most likely corresponded with spray foam, product2tdriaed C
(Tednological Institute, 2011)

Foam samples from the fire testsitn were sent to The Technological Institute, Centre for
Plastic Technology in Arhus for evaluation on spontaneous ignitability.

The samples showed increasing core combustion a few mitmefanrface with crevices. The
combustion increased inwards to areas with charred foam without any other content than carbon.

Figur&: showing irregular open cellistcocaibeirned area. Phatoh K2iG4.1.
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All samples showed foam with normal yellow color near the surface-egitefingructure

mixed withafew larger@lls in the form of air containmerfthe structure of the core burned

foam differed in several areas from foam without core burns to irregular open cell structure in the
core, see figure 3.

Further core combustion would lead towgherstructurebecaus many cell membrartesd

collapsepand the remaing onesonsisted of long carbon treads and large opdikeell

fragments. The structure of the charred foam showed that a genuine combustion had taken place
as most of the material was gaee figurd, (Kiilerich, 2011)

Figurd: showirggea of total charring with remainiRpateadusKiilerich, 201:

Testing like the one performeekitu in the investigation of the fire on M/T Athena proved to be
evidentidy stronger in conjunction with the laboratory testing performed at the Techhologic
Institute showngthat both test methods are equally evidentially important. The laboratory test
stated that the fire on board the M/T Athena most likely had occurred following the application of
spray foam insulation due to applying the spray foamtimdk layers in rapid succession which

led to spontaneous combustion.

Furthermorethe presence of remaining old spray foam insulation, containing a large amount of
oxygen, would sustain a spontaneous smoldering fire in the spray foam that was tappbed o

the old foan{Kiilerich, 2011)ire tests cabe performed to see if a product radet criteria in

the building codes or as a means to illustrate a cause of fire or a hypothesis thereof.

Fire tests can be performather insitu or in a laboratory or another facility designed for the
purpose.

The test can be performed in a laboratory as assalaltest.e. cone calorimeter tdst

determine ignition and flammability parameters of a mateitiahn be perfoned as a fulicale

test e.g. Room Corner Testhere the sample is mounted in the ceiling or on the walls inside a
room. A propane burner produces the required heat release rate.

A full-scale test is costly due to the amount of material neededpézstingel and support
facilities. This can increase the cost compared tessataltests whiehmetypically conducted
using series of small samples of material from a fire scene.
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The result of a fire test eithersitu or in a laboratory can carry gfoevidential weight on its
own to prove a point of origin or a cause ofliné the outcome stands evidentially stronger
when both fire tests or methodologies are perfoergedhe case story M/T Athena. Sisedle
testing can yield the ignition tesrgdure for a sample of material from the fire soehié cannot
recreate the conditions of the actual fire scesdulfire tests can illustrate the fire propagation
from the point of origin to extinguishjdat it will not tell anything about ttesmperature needed
for ignition.

Thereforeit is very important for forensic fire scene investigators to use both forms of test to gain
as much information as possible in the effort to establish both the point of origin and the cause of
fire in considerain of the objective evidence.

42,5 Fire modeling.

Fire modeling is a tool in fire prevention. Fire modeling is an important tool in the planning phase
of a building or a ship construction. Fire modéBagrauskas, 19%An normby be considered

the prediction of fire characteristics by the use of a mathematical megtloainputer program.
Spread of smoke @heat from fires can be predicted bgaisfire modeling. Bgpplying

computational fluid dynamics (CFD) fire modatsbe created that can bevprful design and

safety tool¢British Research Establishment, 2016)

From a fire investigation powitviewfire modeling is not as useful as one could have wanted
mainlydue toinaccuracy of thuploaded information of a building or construction. All predictable
aspects can be taken into considerdiidrthat may not be enough to recreate the reality of the
fire scene. If the fire scene cannaekesated to the full extethe fire model Wibe inaccurate

and the result not according to the actual incident.

4.2.6 Material testing.

When a product.e. PIR or PURs presented as a material suited for buildings and constructions
it needs to be tested to determine if the product is combuspbdsents other hazayds.
toxicity.

Testing is performed to see if the product characteristics meet national fire test standards
determining whethéhe product can be usecdeig building and ship construction.

Testing can be performed either fdlacale test or as a sksalhle test. Fdcale testingRyder
& Sutula, 20153 expensive due to the némdarger amount of the testing material, more
personnel will be needed to conduct theaedtthe test fadiks need to be of sufficient size
which will increase the cost significantly compared to the cost-stcahedksting.

Smallscale testinge. the cone calorimeter jésused to assess the flammability properties and
relative fire risk of combilsie materiaJs.e. PIR ad PUR and other foam insulation materials.

The deficiencies of both sredhle and fuicale testingf materialaire that the fire conditions
occurringduring the fire test are notline with the actual behavior of the matarireal fire
characteristics.

Firstly the fire scene investigator must look at the actual conditions on the fire.dbene

condition of materials in the construction, ventilation, ignition sources etc. and then include test
resuls of the materia involved in the fire. The test result variables of interest such as ignition
temperature and heat release will benefit the investigaching a possible cause of fire and a
theory on how the fire could have progressetitogether with the acteahditions and

evidence collection on the fire scene it may help the investigator tcosatisaon
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4.3 Ships and buildings.

In almgcst any fire in residential honspsayfoam iscontributing to the fire loatlie toits use as
insulation material in liding construction, filling agent in furniture or insulation in household
appliances such as redrégors and freezers.
In industrial constructions spray foam insulation and other forms of foam insulation materials are
used in the constructions in varioasupanciese. food industries, pharmaceuticals, electronics,
freezer storage facilities and buildings for livesteqgboultry farns, cow and pig stables etc.
The widspreadise of spray foam insulation in marine constructions causes firestoagsas
wherethey ardifficult to extinguish without severe hazards for the fire fighters involved. The
construction of the vessels makes it hazardous to send fire fighters inside the ship as it is difficult
to assess the fire progression.
The appliation of spraydam has been used in stopstruction for many years. Tharh has
both been used for instion in fishing vessels and cargo ships as well as a float agent in smaller
boats. The foam is higldyitable in freezer holds to avoid tempegdtsses and in
accanmodation to retain heat. It also provitigishessand energy efficien

Under normal circumstances spray foam insulation provides exactly that. Problems arise when a
fire occurs in a building or a ship. Whether the spray foaatiamsid first fuel ignited or is

contributing to the fire load due to heat flux or mechanical damage to the facing material during a
fire it endangers the residents or crew. The spray foam insolattidutes to the fire load and a

rapid fire spreadnd the fire progression is hard to predict for the incident responders and might
be difficult to extinguish as it progresses in cavity walls or behindoamnarstible facing.

4.4 Fire extinguishing.
In a fire foam insulation increases the fire load andmpeadictable factor for the fire spread
making extinguishinglifficult and more dangerous for the fire fight&iR and PUR are
flammableand(Kjeer, 2011)oth materials hawa energgontentsimilar tafuel oil.

The eae of ignition of a material and the fire grqRifder & Sutula, 201&%k risks to a building

or construction. Buildings must be energy efficient to meet the requirements of the Building Act
and the Building Regulations. #ans that buildings and constructions have to be insulated in the
best possible way. To minimize energy losses buildings and constructions are tightly sealed which
on the other handneans that the heat of a fire is contained within the building ouctostr

during a fire.

To examine how to attack a fire which takes place inside a cavity wall or a roof insulated with foam
insulation the fire fighters have to make a cut in the construction to get a view of the fire
progression and doing so they riskcceleratgthe fire growth by ventilating the ongoing fire.

If the fire is started as a result of-BeHting leading to spontaneous combustion it can be even

harder to get a view of the fire progression as part of the heat may be concealed inside the
insulation material. It might even be difficult to se the fire progression using a thermo camera as
the insulation material might shield the heat building inside the insulation material.

Foam insulation can be ignited at very low heat fluxes irsecimendix, figure and is

therefore to beonsidered a hazard for the fire fighters as they enter a burning building or ship.
The impact of burninpam insulation in floors, walls and roofs have to be taken into
consideration even if the initial filid notstartin the insulation material.

27



POLITI

Building constructions, oxygen supplies, quantity of insulation material, quantity of other
flammable materials, draught and toxicity are just some of the problems that the fire fighters are
facing when thesnter aurning building where foam insulation is applied.

The application of spray foam insulation in ships and buildings denthimd$ng of incident
responses if totldssesre to be avoided

The data in the statistic material from England, SwedenmamarmReresented in this study
showed that foam insulation material was mentiotiee greater part of the reported incidents
as being present at the fire scene and as having influenced the fire in, sdme¢heray ha
contributed to the fire load presente@xtinguishing or salvagificulties

Foam insulation is applied in cavity walls, betweeninjaistling, between studs in walls and in
other places where it may be hard to reach for the fire fighetsyingto stop the fire
propagatio.

If the fire propagation goes too fast due to foam insulation applied withowittanyire stops
the incident responders may choose to use demolition as a means of extinguishing the fire. In
worst case scenarios they might even have to accemsibéifyoof fatalities tosaothes when
trying to stop the fire propagation in foam insulation.

As a result of using demolition to extinguish firesislieance companies andgbeietyas a
wholemust accept an increasing number of total losses.

Foam insulation increases the risk of fire spread not only when being first fuddug aitsml
when being ignited following a fire in another fuel thereby ingteéadire load and the fire
spread.

Resposedo the questionnasén this study confined that foam insulation, when contributing to
the fire load, made it hard for fire fighters to stop the fire propagationhieectiastruction or

the lack of thermal barriers. This could make it more hazardous for both residents and first
responders.

An example of theomplexity of problenthatanincident responder must fagken

extinguishig fire in foam insulation idiee at the food industryelbaek Specialities in Billund,

Jutland DenmarkFrandsen & Hessellund, 2pasd(Weinreich, Erik, 2013 fire was

discovered on 18 Janya015 where smoke was seen coming from the roof. The fire spread

rapidly andhe extinguishing demanded the combined effort of several fire depaaeidis,

emergency Management Agency, Soldmdwend a crasender from Billund Airport. The fire

was extinguished in 18 hours and almost 4000m?2 consisting of stock, production facilities and
freezer storage burned dowhe building was constructed of inmdasandwich panels. The

panels were composed of PIR and PUR foam between metal sheets. The metal sheets shielded the
fire in the foam insulation kiagextinguishing extremely difficult for the fire fighters. The fire

spread unimpedeathside the wall a@roof construction which had no fire sectioning.

One additional freezer stordgel beetuil the year beforand the fire department of Billund

had demanded that the building was fire sectioned. A wall was therefore built with sandwich panels
consistig Rockwool insulation as core matérfatsaved the freezer storage from the fire. The

fire was a total losand only the severely fire damaged steel frame of the lasitdipgthe fire.

The forensic fire scene investigation following the firean@ed out in coperation with Danish

Fire and Safety Institute. Due to the severe fire damages the investigators had to rely on
information from the fire fighters to establish an area of origin. The fire fighters had followed the
heat on the sandwichneds due to the burning and melting foam insulation inside and the search
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area could therefore be limited to an area of approximately 40mz. In that area arcing in the
electrical system was found to be the causefoktthe

Another example is a fire ipaultry farm in Praestg (Praestoe), Zeelzammarkon the 23
September 20X%engenbjerg & Koerboe, 20Bvorker discovered smoke in one end of the
factory. He saw flames in the area around a feeding machine in tloveethegegg packing

room. When he opened the door to the egg packing room he saw dense smoke development, but
no flames. The fire department was alarmed. The owner of the chicken farm ab#es\saime

time, that a 700 | plastic container at theeeasgfable was severely fire damaged

Based oithe witness information it was suspected that the fire started in the feeding machine
inside the factorpndbased oithe information o the fire damaged contaigentairng

cardboard and plastic materialas\wuspected that the fire started in the contents of the container
outside the factory.

No electrical flawseredetected during the investigation.

The fire scene was a poultry factory measuring 114 m x 16 m. It was designed, as tunnel
constructeaf insulated sandwich panels. The panels were mainly composed of PUR foam
between metal sheets. The packing room inside the factory was designed in the same way.
The walls of the factory had no fire sectiqingd the fire spread rapidly through the foam
insulationWhen fire fighters tried to penetrate the factory the fire reached flashd ke fire
fighters had to withdraw and try to extinguish the fire from the outside of the factory. The fire
fighters had to take down parts of the steel plag faic the outside of the factory to try to
extinguish the fire. The fire spread so rapidly from the eastern gable to the western end of the
factory that the fire fighters were not able to stop the fire propagation.

The investigation following the fir¢éadtished a hypothesis that thelfmdmost likely started in

the plastic container at the eastern gable. Fire patterns on the remaining eastern gable confirmed
the hypothesis that the fire had started on the outside of the, faaddmg radiant heatad

ignited the foam insulation in the insulated sandwich construction in the eastern gable. From there
the fire spread rapidly to the rest of the factory through the foam insulation material.

There was no information of fire retardant in the foam matethal insulated fire panels.

The point of fire was determined to be inside the container at the eastern gable. The cause of the
fire was undetermined. The exact contents of the container was yakiaWwe fire could have

started following a discardgdarette causing a smoldering fire that due to a sudden oxygen supply
had burst into a flaming fji@ if someondaddeliberately set fire to the contents of the

container.

The abovencidens show that fires where foam insulatmmtributes tahe ire load present
severehallenges for the incident respondeich aswvailable informaticaboutthe fire scene,
tactical considerations baw and where to attack the fire, estimation of fire prograssion
mitigation offire damage.

4.5 Fire scene interpretation.
The presence of foam insulation in a burned ship or building presents several problems for the fire
investigatarin most casesé presence of foam insulation makes the interpretation of the fire
scene more difficult. The foam insulation asae the fire load aidereforeincreases the
damages on the shiptbebuilding. In the worst case it could mean that it is impossible to
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establish a point of origin as wetlbadetermina cause of firdhe more damages the harder it is

to performa reasonable fire scene interpretation.

In a building or a ship construction where foam insulation has been applied the interpretation of
the fire spread can Q#ficultto perform. Is the initial fire started in the insulation materizs

the insuktion material become part of the fire load following an initial fire in another fuel.

Falling burning debrisee figure Ban start fires in other places which can lead to
misinterpretatia.

Figur&: Photo of falling, burning debris damaging the outer wall paneling and setting fire to the insRtaitorbin ikt
Jonssp2011.

In the effort to do an interpretatiofthe fire scene it is very important for the investigator to

know how a building or a ship is constructed, what matexiaissed in the construction and

their reaction to fire. Theay a building or vessel is construatebimaterialssedcan have
considerableffect onfire propagation and tlfiee spread as well aspst fre patterns of

damage. Depending on the type of foam used in a buildingssedonstruction(Deehan &

Icove, 2012 can be subject to a veayd collapse if exposed to fifdis correspondith the

findings at the fire scene investigation on the M/T Athana where a rapid fire propagation in spray
foam insulation caused by-$ating leading to spontaneous combustion led to a total loss.

The investigator has to determine if the damages following a fire where foam insulation
contributes tdne fire load is a result of an initial fire in the foam insulation or the result of the
foam insulation being exposed to heat from an initial fire hreafwel. It is crucial for the
investigator to be able to determine if the-fi@spatterns are created followdrfge in

insulation material as first fuelif they are collateral damage, see figure 2.
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The contribution of foam insulation to thre fioad increases the fire damages in a building or a
vessel. This creates difficulties to the forensic fire scene investigation in terms of:

1 Performance of the investigative work on the scene
Locating a point of origin
Identifying a cause of fire

1
1
1 Interpraation of a fire scene
1

Health and safety issues

4.6 Deformation of foam insulation.
The deformation of foam insulation over time or deformation due to poor renovation can increase
the oxygen content in PIR and PUR foam insulation which in turn will incecasailable
oxygen in a fire. The increased oxggeter (Kiilerich, 2011 will supply the fire regardless
whether the fire has stariadide the foam materasd a spontaneous combust@mrbecause of
an external firgniting the foam material.
A poor renovation cdfire damaged building or ship construction where fire damaged spray foam
insulation material isaintaineaould result in a more rapid fire spread and fire propagation
leading to severe damages or tadglday.M/T Athena.

4.7 Authorities and fire demands.
The building legislation consists of the superior Building Act and the more detailed Building
Regulations aridirections from the Danish Building Research Institute (SBIYy btaw
construction worknust be carried out respaxjthe tems of the Building Regulatiqiaiilding
Regulations, 2015)

In Denmark The Building Act is the superior set of rules for building construction. The act
ensurgthat buildings are constted and designed to be fire safe anmleoversafe and healthy
to reside in.

The Building Act authorigbow a building construction is to be executedpecifieshe rules
for building heights, building location, fire safety|laigias and energpnsumptior{Building
Act, 2010)

The Building Act promotes arrangements which can expand the productivity of building
construction, promote arrangements that can counteract unnecessary resource consumption in
buildingsandpromote arrangements which can counteract unnecessary consumption of raw
materials in buildingBuilding Act, 2010)

The Building Regulations containrggulation for building construction in Denmark, both
commercial andrivate. The regulatioaseprimarily based on functional requirem@udding
Regulations, 2015)

In the Building Regulatisthe demands for i.e. fire safetgstated in section 5 stagthat the
building constructiomust be fittd out and laid out to achieve satisfactory protection against fire

31



POLITI

and the spread of fire to other buildings on the same or neighboring plots. Appropriate provision
for rescuingpeople and for fighting firéBuildng Regulations, 2015)

TheDani sh Energy Agencyo0s Col | at e dspécithemp | e s
fire safety measures in traditional buildings and fetraditional building&Danish Energy

Agency, 2@).

In the Collated Examples of Fire Safety Measures in Buildings it is stated that the building
construction must provide the opportunity for peopleimgsidthe building to bring them selves

to safety in open terrain or a safe place in the buddohgescueand fire fighting personnel have

the possibilities to work.

Insulation material must be applied in a way that does not provide an increased risk of fire. The
application of foam insulation in buildings are growing fast in popaihatitgglations are

required to prevent fires that anders both lives and propefty.o015thedemands of the

Building Regulatiorsse performaneeased. There will no longer be detailed demands on how to
fire safe a buildingut there will be performanbased demands to thesafety level that has to

be reached in the construct{@uilding Regulations, 2015)

The authorities have to rely on information from advisargiiae knowledge of materials used
in building and costructiorsas well as the manufactaref the materials. The information has
to be unbiased for the authorities to make decmiaesgiuirements and legislation.

The legislation on ships is basetiénAct on Sfety at SedBK nr.72of 17/01/2014isswed by
Danish Maritime Authorityrovisions on the constructi@quipment and agation etc. of ships
mention in part 2, subsectiarittat the ship shall be provided with means of fire protection and
fire fighting appliances to such an evtteat the pesons onboard, the ship and the cargo are
protected to thgreatesextern possiblgAct on safety at sea, 2014)

The Order of Notice B from the Danish Maritime Authanityhe construction and equipment
593 of 07/06/2013Ministry of Business and Growtontains the regulations for ship
construction in Denmaxiorder on Notice B, 2013)

4.8 Significance of application of foam insulation.
The use of foam insulation makes it harder to mitigagéoris&sidents or creand fire fighters
andfor business interruption and property losses.
When applying foam insulation in a fagightitz, 201&) creates big challenges both from a fire
protection poinbf viewand arinsurance perspective.

Insulation materials like Polyurethane (PUR) and PolyisocyanuratedRBIR)lar productsve

proven to be excellent insulation matebatsat the same time they are a hazard to i.e. residents
and incident responder in tese of fire.

If the spray foam insulation is applied incorrectly it might self heat whddle @t b

spontaneous ignition and eventually fatal fires.

When applying i.e. spray foam insulation in a construction there is a risk that it will contribute to
the total fire load in the construction in case of a fire. This risk has to be recognize@iag a fact
every possible means of protection of the material has to be taken into consideration to avoid it
from contributing to the firlwad and the firpropajation.
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4.9 Significance of foam insulation to incident response
Newmaterial§Norwood & Sean, 2018¢mand thatve look to determine what effect it will have
on the fire servic@hat includeflame spread, smoke productiam, &ittack concerns, stability,
added static loads and nonbiased information on materials.

The difference in foam insulation versus traditional insulation productlulose, mineral wool
or fiber insulation produc{Ryde & Sutula, 201%an be examined by using a standard t2 fire
growth. Foam insulation will ignite readily, even when treated with fire retaddaiit expand
towards the fire. It can be treated as a fast or ultrafast fire. More traditional insatktigmis

may be noirtombustibler provide aslow fire growth.

Valid and unbiased information on materials used in buildings and constroé¢tibasiisost
importancdor the fire fighters to deciaéhether or not tenter a building or ship on fire

4.10 Foam insulation and fire scene interpretation.
When foam insulation is part of the fire load it afeerses greater damage to the fire .dtene
makegraditionafire interpretation more difficidhdmakes evidence collection harder and
maybe even ipossibldecause dftenleads talestuction offorensic evidenaen the scene.
That could lead to hypotheses based more on tactical and technical information and witness
statements rather than fire scene interpretation.

Application of spray foam insuté@ causes problems for the forensic fire scene investigation for
several reasons:

1 Fire load

91 Fire spread

1 Collateral damage

1 Hampered interpretation

1 Health and safety considerations
When foam insulatiacontributes tahe fire load it must be taken intmsioleration by the
investigator when making an interpretation of the fire scene. When the investigator is estimating
the time for the fire to develop in conjunction with tactical information, materials used in the
building or ship must be known to the stigator as it can have a great influence on the fire
propagation. Fire spread in foam insulation can develop much faster tisiihenmaterials
in a building or construction acain thereforebe used to either support or reject hypothesis or
tactcal information. Fire spread in foam insulation can cause damage to a building or construction
following unsuccessful extinguishing due to fire spread in i.e. cavity walls or floors and create fire
patterns resembling point of origin in other placesuiidang or construction not consistent with
the fire scene interpretation. This sort of collateral damage due to fire spread in foam insulation
must be excluded to locate the right point of gagithit can make the fire scene interpretation
very difficut.

The large exténf damage can make origin determination difficult and could result in the
misinterpretation of the damage patte€ossideratio(Ryder & Sutula, 201Bstbe given to

the materials involved at a ficerse to ensure proper interpretation of the fire growth and spread.

A fire scene contains all sorts of chemical compounds. They can appear in the form of particles,
gasses or fumes. The chemical compounds are produced following both complete ane incomplet
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combustion and represent a hazard for the health, some of them even being carcinogenic or
poisonougRohweder, 2013)

A fire investigator must be aware of the healthatites fire scene and take precautiorstid
hamful substance$he Danish forensic fire scene sigator astin accordance with the Nordic
Fire Manual, and stats that afire scene can be a dangerous @adehe investgor has tde
aware of personal egf(NordicFire Manual, 2016)

The individual fire scene investigator must assess the healtltheske scene and act
accordingly to take precautions so no one gets hurt following the fire scene investigation.
Appendix 1 in the Nordic Fire Manual addrassesafety on the fire scene. The appendix states
that a fire scene is to be categorized as either hot or cold, wet, dry or semi dry, poorly or well
ventilated and as an industrial facility with or without harmful substances. The fire scene
investigatormust use protective clothing and equipment within these parameters, but the
protective clothing and equipment is not itemized.

4.11 The application of foam insulation in ships and buildings.
Application of foam insulation ships and building provides nolgemsas long as the
application is executadaccor@nce withithe work description and safety data sheets. Psoblem
arise when the application is executed incoyrectligyers of foam applied fast in rapid
successions or in layers too thick. @dunscause an exothermic heating in the foam insulation
material which can lead to spontaneous combustion.

It is important that the fire safety is considered when applying foam insulation i.e.:

1 Efficient fire fighting equipment including fire extinguigihessurized water hose and
breathing apparatus

Adequate means of escape from the work site

Protective facings should be applied to the foam surface as soon as the curing of the foam
insulation allows it

1 Wasematerial from the insulation material shoaldelmoved from the work site
frequently

4.12 The application of foam insulation in relation to fire safety
When applying foam insulation a suitable facing must be introduced on the exposed surface of the
foam to avoid ignition of the foam insulation by idgam&heat or direct flame impingement. The
protective facing is intended to prevent ignition of the foam insulation or at least delay the time of
ignition in order to create possibilities for residents omueeviber to escape the fire.

When the appliesb&m insulation is ignitada fireit contributes to the fire load and enhances the
fire spread and velocity. In the efforts to make a building or ship &reegy spray foam

creates a tight seal to prevent energyblaisat the same time this pea®the heat of the fire

from escamg. This increases the risk of fatdidue either to the heat of the fire or to the toxic
gasses from the combustion of the foam insulation.
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4.13 Statistics i1 Denmark, Sweden and England
The fire statistic material frdémgland, Sweden and Denmark are based on incident reports.
Those incident reports determine which information can be drawn from the statistic material.

In thisstudystatistic material from England, Sweden and Denmark is being compared to see if
there a& commonalities and information that could be of importance for e.g. incident rgsponder
forensic fire scene investiors and legislators regarding foam insulation.

To sort out information of interest to this study statistics key sumidspolyurethae,
polyisocyanate, cell insulation, foam insulati@bkan used.

Conmonalities based on received statlstiaterial

1 Information on year and property category

1 Incidents where foam insulation has contributed to the fire load
Differences based on re@al statista material:

1 Number of specifications

1 Additional textinformation on actual incident
Desirable data:

Incident respondsrtype ofinsulation material involved in the fiextent and way of
contributingextinguishing difficulties due to straction, resources used, tsper.

Forensic fire investigators: insulation material involved in the fire, extinguishing difficulties due to
constructionptime spehon extinguishing.

Legislators: insulation materials involved in the fire, fire p@t®tems at the fire scene

Fire statistieshouldpreferably be designed in the same way internationatlg thetatistics
directly comparable. It would then be possible to benefit from siatitication from bot@??
and comparable countriaghe effort to heighten fire safety
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5 Discussion.

5.1 Case M/T Athena
The spray foam insulatieypstemsppled onboard the M/T Atena were spray foam and filling
foam. The foam was mixed at the site and consisted of polyol and isocyanate that were mixed in
the ratio 1:1. Isocyanate works as the,@aneit is always the same regardless the mixture of the
foam. Foam fillingvas ued in walls and floors and spray feeas used on deblkeadsBoth
producs build up heat during curing. Filling foam and dpeay are almost alikaut spray foam
expands quicker than filling foamDanish emergency Management Agency, 2011)

In the safety data sheets for both spray foam, production name Danamic 2013.2, and filling foam,
production nene Danamic @874.3it is noted that both products build up heat following curing.

The curing begins as soon as Polyol and Isocyanate are mixed together. In the safety data sheets it
is not mentioned how hot the material can become following, ouiiribere is a fire hazadde

to theincreasing temperature.

The spray foam insulation work was carried out oddtiel, the cargoand freezer deck, where
the installer had applied spray foam insulation in the better part of the deck. He had joist started
the last pamf the declheadn the area between a cooler and the stairc&seci®.

The installer stopped the application of spray foam insulation as he needed to change the visor of
his helmet. He put the spray gun on the floor and went a fers tmeck to his work bench and
changed the visor.

As he turned toward the working area he saw that there was a fire in the area in front of the cooler.
It was in the area where he had recently applied spray foam insulation.

The installer stated latettad reconstruction and fire testing in Esbjerg that he had observed large
amouns of old spray foam insulation on the deck head and on the port side. The old spray foam
remained due to a renovation done on a wharf in folmaing a prior fire which hdmben

caused by elemal arcing in a light fixture

The installer had applied spray foam insulation on top of the remaining old spray foam insulation
to a thickness of 30 cm.

Following the fire onboard the M/T Athena a forensic fire investigation vies @arin

Runavik. It was found that the ship was nearly empty and besides some wooden cladding and
partly fitting there was no other flaable material in large amounts present. Most of the
flammable materials onboard consistespray foam insulationdremaining parts of old foam
insulatiorand propellanise. diesel.

Some worikglight fixtures that were supplied from an electrical supply station on the quay had
been installed ordeckl. No defects were found following the inspection of The ID&ivs and
Safety Institutél.o ensuresufficient mechanical ventilation during application of spray foam
insulation several ventilation tubes ran through open hatches in all the deukthalline to

spread to the whole of the ship.

The fire continue for several days as the fire fighters were only able to fightftioenfittee
outside. It was not considered safe to put fire fighters onboard the burning vessel.

The installewho had discovered the finad stated that he saw the fire in the ateaebn the
cooler and the staircasedeck2. The statement corresponded with the result of the forensic fire
investigation that showed an area of origin in the same location.
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From the area of origin, in conjunction with the results of the reconstamctitire fire testing
following the investigation, the fire was estimated to be a resulhe&sef in the spray foam
insulation due to the curing proocebsgch resulted in spontaneous combustion.

Figuré: Port sidor rad bulkhead against the front staircase on the 1. deck on M/T Athena before beginning of the application of foam ins
Runavik, 2011. The photo shows large amounts of old, previous fire darRag&ul gaimyimginlgtion.

The old layer ofpsay foam insulatipsee figur@, probablycontained a large amount of oxygen
due to the damages following therpiire onboard the vessel. This oxygen regawénstantly
accessible when the heat from the combustion in the core of the new faggfofs

insulation meltechto the old spray foam insulation.

5.2 Material
Almost every form of plastic materials consists of long chains of carbohydrates. They can be
bonded in different wayand they all originate from crude oil.
If the chemical bondseaexposed to sufficient heat it will destroy the chemical bonds that hold
the carbohydratehainsagether. Pyrolystirnsthe plastiéinto simpler and more volatile
compounds which can be extremelyrflabie(Deehan & Icove,(.2)
Plastic material is polymers which can be divided chemically into thermo plastic and thermosetting
plasticsThermo plastics soften when heated. It can change form without changing the chemical
structureThermosetting plastics @neresult of tke reaction between two chemicaisl they do
not melt or change form or mdltt leaves a charred material following a fire.

Polyurethane (PUR) and Polyisocyanate (PIR) are produced on the basis of polyisocyanurates.
The terminology and family of Pobtinane Insulation Foam includes PUR andTRIR.

chemistry of PUR and PIR are similar. The liquid polymeric isocyavetiayéene diphenyl
diisocyanatéMDl) is reacted with the liquid polyol in the presence of a blowing agent and other
additives.

37



POLITI

Whether a product is determined to be either PUR or PIR is defined by the measurement of the
ratio of the two chemical groups ie tthemical reaction of the foéhssociation of the Danish
Plastic Industries, 2014)

Spray foam ingation that is produced on the jobagea mixture of two liquid3glyuol and
Isocyanate with an addition of a blowing or expanding agerstyasaguickly. It expands on
contact to create a rigid foam and can be applied as part of aesyBteated Sandwich Panels
or spray foam insulation.

5.3 In Situ testing and laboratory testing
Following the forensic fire investigation on the fishing vessel M/IT AR&sraussen, J., 2011)
fire tests irsitu were carried oM/T Athena was towed from The Faroe Islands to Esbjerg in
Denmark for salvage. The tests were performed partly on the quay in the harbor of Esbjerg and
partly onboard M/T Athena.

The fire tests were performed to show the rise in temperature in spray fafioniirsthe core
of the material. The spray foam insulation was applied both correctly and incorrectly.

Fire tests are performed either to reflect what could happen ioradifgrove what actually has
happened in a fire.

In order to meet the authtiedsafety requirements constructions and materials for buildings and
ships must be tested to meet the fire requirements of classification. The classification is based on
testing of the materials or products to determine their reaction in a firemiarfo#ose fire

tests are carried out by i.e. The Danish Fire and Safety Institute, The Danish Technical University
or The Technological Institute.

The first tests mentioned can be performed as either laboratory tests in smaller scale or testing in
other fcilities in larger or full scale. Fire tests can also be performed for reconstruction and/or for
testing a hypothesis in a forensic fire investigation. The fire tests performed by The Forensic
Services can be performed botkiin and aalaboratory tesg.

The importance dioth the methdologies and thperformance ofire tests both ksitu and in a

laboratory should not be underestimateditintests show the reactions on the scene as close to
reality as possibleoweverlaboratory tests can qqut the fire testdone insitu. Laboratory tests

(Schutz, 201&xe performed in a controlled environmandl the results are measurable and
accuratelue tothe fact that the conditions of the test are known in oppositibe teal fire

scene which is more unpredictable in the case of intense burning conditions. Both forms of testing
show the importance of the cooperation between the forensic investigators and the laboratories for
confirmation orhypothees maden fire sc@e interpretatian

In-situ testing can be very important for the fire scene investigator in the context of hypothesizing
possible causes of fire and to reach a determination. Fire testingliows the investigator to

explore different theories in tteal environment as close to the actual circumstances as possible.
In-situ fire testing can be a means of accepting or discarding hypotheses on both point of origin
and cause of fire and can be essential for the inveStidat@ion whether notto determine

point of origin and/or cause of fire.

Fire testing imlaboratory can be equally important for the fire scene investitja¢oito get to
know the properties of a certain material in a construction that has contributed to theofire load
if it haspossibly been the first fuel following spontaneous combustion or ignition by open flame. It
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is of utmosimportance for the investigator to identify the properties of the materials involved in a
fire to establish reasorabypotheses.

When the firescene investigator can compare the results fromgite fine testing and the fire
testing in the laboratgand they yield the same result as the hypotheses made by the investigator
the foundation for a sound determinat®reached

5.4 Statistics
It is of interest to this study to do a comparison of fire stdtigticcomparable countrjesg.
England, Sweden and Denmatkdata is obtainedthe same way from incident reports.
The dataeceivedrom London Fire Brigad&nglandconsistdof adescription of property
categorieandthe number of timesvhere different forms of foam insulatiod baen identified
as preserdtthe fire scenm a 5 year period from 2011 to 2016. The key words: Polyurethane
(PUR) Polyisocyanuraf®R), Combustild insulation and foam insulation.

The statisteshowed that Combustibfesulation was mentioned in the majority of fires and
mostly in the category Dwelling and Non Residential. There were only a few fires where it was
specified that eithd?UR PIR or foam insulatiohad beemdentified apresent. Categories like

Boat, Other Residential, Outdoor and Outdoor Structure did only occur a fegetnagpendix
86.1 and6.3.The statisti@ldata from England was comparable to the staltikita from

Sweden and Denmark on building categories, insulation materials identified and number of
recordings.

The statisti@l materiateceivedrom the Swedish Civil Contingencies Agency and the Swedish

Fire Protection AssociatidBywedenconsiste@f more spefic statistialmaterial involving date,

rescue service, building category, part of building, area of origin, point of origin, method, work, fire
damage and private/businédse statist@l materiaberivedrom the incident reportd the

incident respudersover a 5 year period from 2010 to 2@1describedn more detail the

materials involved, construction details, area and point of origin and damage, se@@&@pendix

86.4 anB6.5.

As in the case with the Swedish statistical makerisdattical material received frame Danish
Emergency Management Agecmysisted of statiséiimaterial recorded from the incident report
of incident responders. With a few differences in the strtictustatistics from Sweden and
Denmark were alike. &anish statissinvolved date, rescue service, building category, part of
building, area of origin, point of origin, method, work, fire damage and private/business, see
appendi86.2,86.4 an@6.5.

Limitations

There is amncertainty about the dafion of the data collectetihe search of statistics was

limited to fires where foam insulation was found present at the fire scene and reported as an issue
in terms ok.gfire load, fire spread or part of the constructramthermorethere is an

uncertaintyin the definition anthe recording aé.g property categoriebhe obtained data from

incident reports depend on observations and analysis as set out in the report. If there is differences
in the reporting of fires, afillein thiscase firewhere foam insulation is ¢obuting to the fire,

the data cannot be used for a comparison as the result will not show the reality.
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Comparison

A comparison between England, Sweden and Debhass##t on received statatiaterialvas
only feasiblevithin year and property categssfigure8. The comparison showed that most
fires 63% where foam insulation was presemtof influencehe fireoccurred in the building
categories industrial and non residehtral intheresidentiatategorydde@?up to 25%.

0% m Transportation
m industry

m Non Residential
m Residential

m Outdoor

m Unknown

Figur@ diagram of the pagation of fires in England, Sweden and Denmark in property categories where foam insulation based on the ke
statistics search have been used.

When looking at the sammparison for Sweden and Denmark alone it shows that most fires
where foam insulation was presentdadifluencethe fire occurred in different property
categories.

100%
90% ,
—
70% —=— = Sverige private
60% Sverige busines:
50% Sverige unknown
40% Danmark private
30% Danmark business
20% _4?—Danmark unknown
10% >

0% +—— —— —

2009 2010 2011 2012 2013 2014 2015
Figur® diagram of the pagatio of fire in propeategories in Sweden and Denmark where foam insulation based on the key words of statis
search has been used.
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In Denmark most of the recorded fires occurred in the property category private, between 75%
and 90%, and the numbers increased overFon the property category business, between 25%

and 10% the numbers decreased over time. In Sweden most of the recorded fires occurred in the
property category business, between 70% and 75%, with little fluctuations over time, and the same
scenario wageen in the property category private, between 25% and 30%, see figure 9.

A comparison between Sweden and Denmark in the category method/tool, seeSpgendix
shows that the fire starisrunknowrin most of the recorded inciderithis couldoe dudo fact

that the fire starter has not been found or has not been identified. In the remaining fires gas
burnesaccount for most fires, followed by welding, grinder, burner and hézdatggories like
chimney, electrical and open flame account forllersmanber of fire The comparison shows
that most of the firesvhere foam insulation was presentddifluence on the fireither

occurred on work sites due to errors or accidents or was unknown. In the rest of the fires the fire
starter had beedentified aslefectsn the construction, electrical faults or open flame.

A comparison between England, Sweden and Denmark on theageragatof foam insulation

in firesis not possible due to the lack of data on specific types of insulationdidém reports
and their influence on the fire.

The statisti@l material from England contained a number of fires, see ap@rddixhere a
specific type of foam insulation had been idenflirednumber of firesvhere the type of foam
insulation hs been identifiedccount for 1% of the reported fires.

The comparisons show that England, Sweden and Denmark to sotweottiethe presence of
foam insulation in relatiaa the fire reportlt seems to be reported due to difficulties with
extingushing e.q. fire loadire spreadr salvaging.

None of the statistics shavihetheffoam insulation in any case has been the cause of the fire due
to selfheating leading to spontaneous combustion. They show thatdolation is a hazard

when contribting to the fire load and the fire sprdad they do not tell anything about how
specific types of foam insulation réadire or the differences in their contribution to the fire
propagation.

5.5 Toxicity
Toxicity is a very important part of the firegessand it affects everyomdois on or in the
proximity of the fire scene during or after a fire.
For the residents in a building or the crew on a vessel on fifelumgreatest hazaidshe
toxic gases.e.fully oxidized products likarbon ibxide (C3) and partially oxidized products
like carbon monoxide (COJhe content of toxic gag&ec & Hull, 201 1)National Fire
Protection Association, 2016smallest under we#ntilatedires and largest in undentilated
(oxygen depleted) fires. Thereftite best opportunity for residents or crew mestbe&scape a
fire safely is during the induction period leading to igritidrunder the welkentilated growth
period of the fie as the toxic gases will be in the smoke layer below the ceilindneadipak
above head heigahablingan escap&Vhen a fire changes from walhtilated to under
ventilated the fire produces larger amounts of toxiceyetsaggiing the residentsr the crew
andit maymake safe escape impossible due to inhalation of toxic gasses.

Isocyanates are one of the basic ingredients in polyurethane foascatencalnbustion of PUR
product(Blomquist, et al., 2003)oweda high concentrations of isocyanates. Wassupported
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in tests performed by Stec and Hull (2@high showed that burning PIR foam had a toxic factor
just below the threshold for immediate danger.

The greater part of fatalities and injusiagesulbf the inhalation of toxic gas¢8sec & Hull,

2011)

Frequentlyfire fighters are exposed to toxic matsuieth agarbon monoxide, benzene, sulphur
dioxide, hydrogen cyanide, hydrogen chloride and parti@datetRauf, et al., 198&nd the
resulting byproducts of combustaepend on different factors including the composition of the
burning material, temperature, oxygen concentration and the efficiency of combustion.
Furthermoreproducts likasocyanates, benzene and particulates cause environmental
contaminatiorgPurser, 2009y hose produsthave longerm health implications if fire fighters or
fire scene investigat@erepeatedly exposed to thétine fighters normally wear breathing
apparatus when fighting fibait other fire fighters and emergency personnel immediately outside
the fire risk inhaling toxic byproduct from the combustion due to the smoke from the fire.
Where fire fighters perform sidire investigation they are exposed to toxic byproducts from the
combustion if not wearing breathing apparatus or other sufficitattive equipment.
Healthhazards include fatalities duearbon monoxide and hydrogen cyanide, lung diseelses
asfibrosis or emphysema due to irritant gasses and particulates, asthmg oeyanates and
cancer due to ceramic or asbestos fdréhe like

Forensic fire scene investigators are exposed to the same variety of toxic byproducts as the fire
fighters when investigating the scene after extinguishing the fire.

The health risk is minimized when the investigator wears protective equipment during the scene
investigation.

Both fire fighters and forensic fire scene investigators must considemps@actige equipment
on the fire scene after extinguishing due to the presence of toxic bymauiitis €Eombustion
that still presesta health hazard

5.6 Fireload
If appliedm a building or ship spray foam insulasioouldbe considered a contrimgifactorto
the total fire load. If spray foam insulation is the first fuel ignited it contributes to the fire load
from the start of th&re which can result in arapid fire propagation and intense temperatures.
Even if spray foam insulation is not thet fwel ignited it will contribute to the fire load if the
temperature of a fire in another fuel reaaltemperature high enough to ignite the spray foam
insulation in the constructidhwill, thereforeaccelerate the fire spread at a later poime ifiré
propagatiopbut nevertheless it will contribute to the fire load when ignited.

5.7 Fire spread
Flanmabilitycan be reduced or delayed by the use of a fire rettidantended for hampering
ignition of the material to which it is added. Mastrétardants have up till now been based on
bromated flame retardants, but as those are toxic they will be phased out according to EU
legislation. They will be replaced by nontoxic fire retardants.

Flame retardants are incorporated in different materiia¢sease the resistance to ignition, slow
down combustion and in that way delay flame spread.
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The addition of a flame retardant to foam insulation material does not make sense from the
perspective that a fire retardant has very little effewin afully developed firflomaas, 2012)

or in an accelerating chemical reaction/thermal runaway.

Furthermorethe incorporation of flame retardants devedspon monoxiderritant acid gasses
such asiydrogen chloridendrespiatory irritantseg. burned or partially burned hydrocarbions

a fire(Babrauskas, et al., 2012)s an important question whether the use of foam insulation
leads to an improvemantfire safety given the additionat @dsadding flame retardants to foam
insulation and their potential adverse healtermricbnmerd! impacts.

Cavity walls containing combustible insul@diamison & Boardman, 20p6gsentin increased

risk for fire propad®n in a confined, concealed space. Damage to the building resulting from
ignition of combustible insulation can be exterespecially so, in the absence of horizontal and
vertical firebarries.

If ducts, voids and cavities in a building are litecc@embustible materiaésg. spray foam
insulationDrysdale, 2011 creates a hazardous configuration because it provides optimal
possibilities for intense burning and rapid fire spread.

Fire spreagias a result of daage oreg.spray foam insulated outer walls during a fire that have
occurred due to other circumstagiite falling burning debrisamaggcladding and deigthe
sprayfoam insulatiomside the watin fire sefigure4, (Jonsson, 2016)

Automatic sprinkling is often used for prevention of fire spread between floorsstoreylti
buildings to meet regulatory requireméinitsin buildingwhere spray foam insulation has been
appliedn the cavity walls the fire wpksad inside the cavity wall from floor to fladwe fire

inside the cavity wall is not depending on oxygen supplysasntairedin the structure of the
spray foam insulatiatself.

Mechanical damage to foam insuldtowinginstallation of g. electrical wiring or pipes must

be sealed asatedn the work instructions to shield the foam insulation as long as possible from
heat and flame impingement in case of a fire.

5.8 Spontaneous combustion
Occasionllyfiresigniteshemselves. Maybe imereof a chemical causatiomira spontaneous
combustion{Deehan & Icove, 201Bgcause the heat accumulates due to a chemical process
inside the fuel mass that is not depending of an exterior source. Instead of ignibimg paint,
it ignitesalmost simultaneougtyroughout the masBoam insulation can combust spontaneously
and is a known cause of fire. Fires in spray foam insulation are often the cause of fatal fires

Spontaneous combustion most commonly sesusresult of incorrect applicatiohspray foam

either during the application process or shortly after finishing the applicationlptiogess.

application process is done correctly the danger of a fire due to spontaneous combustion in spray
foam insulatiomwill be minimized although it cannot be ruled out as a cause of fire. The
manufactune of spray foam insulation state in the safety data sheets that the curing process leads
to a rise in temperatyimit they cannot state if it can reach a critical level

When an insulator applies spray foam insulation in layers too théedkyersare applied too

rapidly insuccession thepray foam will not be able to get rid of the exothermic heat that is
created from the curing of the spray foam.
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The heat will terefore accumulate inside the material and a charring inside the material will take
place See figuréQ.

Figur®: test samples fromdite fasting in Esbjerg, 2011. Photo by Kiilerich, 2011.

The increasing temperataceelerates the chemical process by which the energy is released. This
makes the temperature rise further incrgéee acceleration in what is known as thermal runaway
(Lentini, 2013)The exothermic reaction is acceleragetidrise in temperature following the
seltheating of the spray foam insulat®elfheating will not necessarily result in a thermal

runaway and can quite siymglsult in a moderate temperature(Bsdrauskas, 2003)

Following the tempernate rise in the material crétamations will start to melt their way from

the charred areas towards the surface of the matsifiure 11.

FigurdQ Material that was pumped out of the foam hoses and contained in a bag showing agpening
the surfacesilin testing in Esbjerg. Photo by Kiilerich, 2011.
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The material will not catch fire if the craters do not reach taeesalthough the cell structure of
the material will be destroyed in the process.

If a crater reaches the surface of the foam matadiaeaks through the surface the hot core can
be supplied with oxygen through the crater. This will trigger am ighitie foam material

provided the exothermic temperature is equal to or higher than the ignition temperature of the
material. The process will be-pelfpetuating as a consequence of the oxygen, amplplyis will
include surrounding material in acederating fird there is sufficient amount of material,
ventilation and oxygefKiilerich, 2011)

5.9 Renovation issues
When renovatmdamaged foam insulation it is imperative that all damaged foam is removed
completelysedigure 7. New spray foam has a large percentage of foanduhgpen the density.
Polyurethane foam with a density of approximE26ly kg/ms3 as the foagystenapplied on
M/T Athenashowel a density of 40 kg/m3.

The massive part of the foam only regares] 3% of the volume of the foam while mdrant

96% consisted of cell ggsam insulation exposed to heat as in a fire will have a larger amount of
open cells. The cell gas will escape quickly and be rep@oggen/atmospheric air. The
atmosphedairwill not be divided into cellsut will form a coherent structure.

This means that damaged foam left in place during a ren®edigare4, contains a
considerablamount ofoxygenThis oxygen reserve will sustain a spontaneous
combustion/smldering firghatoccus following incorreapplication of new spray foam

insulation. The possibility of spontaneous combustion leading to fire will be significantly increased
if thespray foam insulation is applied on top of remaining old foam whetfearh has been

affected by a fire or n(Kiilerich, 2011)

In the Merchant Shipping Notice nr. A®Zhipowners, shipbuilders, ship repairers and
shipbuilding contracto(Bepartment of Trade916)is statedhat dangers which can exist when
polyurethane foam on any kind of ship is exposed to fire or even intense heat can result in:
1 Extremely rapid spread of flame across the surface of the material, the speed often being in
excess of 100 feetinute;
1 Very high temperatures in the order of 1000°C can be generated during the initial stage of
burning;
1 The emission of large quantities of highly toxic gases and smoke.

TheNoticerecommends that foam insulation should be covered with an incombastigl and
should be sited & awas possible from sleeping accommodations and places of high fire risk.

When renovating buildings or ships it is of great importance that any old foam material is removed
completely to prevent the risk of a layai@foam containing increased amounts of oxygen due

to acollapsed cell structure from either a previous fire or from degeneration of the material over
time. This oxygen reserve can supply a spontaneous combustion or an ongoing fire in new layers
of sprayfoam insulation on top of the ql@asmussen, 2011)
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5.10 Building regulations
Many countrie€Schuitz, 20168fudy ways to mitigate risks to both building occupants and fire
fighters. Facilities inwdhg spray foam insulation form severe challenges from a fire protection
pointof viewand from an insurance perspective.
Regulation$or buildings and vessaksve to meet the requirements for fire safety for both
buildingresidatsor crew and incidenésponders.

5.11 Incident response
Assessment of the fire scene for safety hazard in regards to fire fighters, information on building
construction and materials used in the construction, risk assassimeaith and safety issues
Builders and constructdrg to reduce energy consumption and decrease the impacts on
environment by using new and improved building materials and using natural energy like sunlight,
wind and watef he problem with many of these materials is that the fire fighters have to learn
and understand the construction practices and materials in order to develop and apply new tactics
(Norwood & Sean, 201%)is ecofriendly and reduces the CO2 emission which ieiwith the
authorities efforts to meet theonomic and environmental requirements frgniE&l(European
Commission, 2009)

5.12 Further work
A repetition of the fire testing performed in Esbjerg, 2011, following the forensic fire investigation
on the M/T Athena. Testingald include both original and new foam insulation matéfitids.
the participation ofatlaborators like the Technological Institute, the Institute of Fire and Safety
Technology and the Danish Technological University an assessmemtlddsesdeveleul for
the application of foam insulation in buildings and vessels comparable to existing fire testing of
materialén favor of legislators, builders, insurance companies, fire fighters and forensic fire scene
investigators.
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6 Conclusions

6.1 The attitude of the Danish authorities
In 2015 and 2020 a new and stricter set of energy dérasmeéen andill be effectuated for
Danish building construction reguirbetter and more energyigéntinsulationwelcomed by
both the building industry anthnufacturersf foam insulatiorHere insulation materials like
PIR and PUR heea lot to offer in comparison with the traditional insulation solutions. The
Danish government launcleegeview of the fire regulations in the building induspnpvingthe
possibilityof usingnew materials for insulatidmis can have a positive effect on the
governmer@ attempt to reduce the CO? emissand on the other hangjive the building
industry access to a cheaper and more efficient insulation miaitghriabuld lead tan increase
in building and more jobs

On the other handt creates an elevated risk to fire fighitezident respondeand forensic fire
scene investigatofsoam insulation contributes to the fire load and creates more rapidly
developing fires andki of structural collapgeis the same scenario that residents in a burning
building or the crew on a burning vessel are fatiisgecalls fofire prevention iiativeseg.
automatic fire alarmautomatic sprinkler systems, fire extinguisherupreskfire hoses
implementation of thermal barriers in construcaokdsemergency exits in buildings. Onboard
vesselthe same fire preventiose called faas well as a crew traineamd equipped fdire
fighting.

The legislate authorities mugake the above mentioned scenartosconsideration to create
solid and responsible demands for building and ship construction in the effort to ensure safety in
residential buildings and on vessels in the case of fire.

New building materials must bestaknto consideration for replacenmiresentnsulation
materiagleg.PIR and PUR and related construction materials. Legislators must come to terms with
the fact that fire safety comes at a ¢stiucinghe demands for fire safety could be fatal fo
residentscrewsandincident responderShe economic and environmental giina the

application of g.PIR and PUR must lteeld up againge possike lossof human life and the

degree of fire damage to buildings and vdssttle.efforts to mimnize fatalities and mitigate loss

the legislators must accept the costrmivation angiroductionof new and more fire safe

materials

6.2 Firstresponders
Fire fighters have an obligation to extinguish fires. The public expects them to come ta their aid i
case of fire. Furthermotée public expects that fire fighters have the training and knowledge
enablingthem to make decisions on how to approach any fire and rescue people and property.
Any construction material presents a problem in case of firevétathe application of foam
insulation in buildings and vesse|sarticulacreates aumberof seriougproblemsRelative to
this,good training and education and observatiotise fire scengre requiretb make a solid
incident respons&/hen fam insulation contributes to the fire loadeaiters an unpredictable
factor for the fire spread. This makes it difficult to décaelwhere to enter a burning object.
Tactical decisiorad the fire scene should be based on a number of factodsig building
construction, oxygen supplies, quaafitgsulation material, quantity of other flammable
materials, draught and toxidiist responders must considet onlythe need fotherescue of
people whaomay be trapped in the fiteut alsdossmitigation in the context of the hazards
presented to fire fighters entering the burning object.
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First respondemust have access to all available information including construction plans
construction materials as well as safety data sheets onraoysazaterial.

More specific information on hazardous matggigls/pes ofoam insulation and how they have
contributed to the fire propagatiomust be considered wheoingthe fire report. This would

lead to more specific statigtatata that wdd be of use both for preventive initiatjitasgeted
trainingandsharing of experience.

6.3 Forensic fire scene investigations.
From the experiencetfoe in buildings andnboard vesselsg. M/T Athena where spray foam
insulation contributed to thediloadit can be concluded that the ektefrdamages in those fires
usually are considerably larger than in fires where spray foam is not contributing to the fire load.
Theextensivdéire damages make the interpretation of the fire scene diffieythiredestructive
to fire patterns anchaymake it difficult to determine the point of origin. This ccalgehe
forensic investigait to baseonclusionsnore on tactical information than on #wtuafindings
of objective evidence and fire scenepratation. The forensic fire investigator ralsst
consider the materials involved at the fire scene to make a proper interpretation of the fire
progression. Therefgieis ofthe utmostmportance to the investigatimrknow thdire
properties of thenaterials involved in the fire. The investigator must aseai&blénfo on
materiaproperties from both laboratory testing #redresultérom fire testing irsitu. The
conditions at the fire scewdl result irhuge differences in the outcomehef two tests On the
otherhand to support a fire testing-gitu to determine the cause of &inaboratory testing is
also essentigDne testingnethoddoes not exclude the other. It is very important to use both in
forensic fire investigatiamdeven more so in fires where foam insulation has contributed to the
fire load like in the castory of M/T Athena.
It is paramount that the forensic fire scene investigator cstigtiedic byproductgrom the
combustion still present on the fire scexferk performing the investigation. Precautions must be
made to ensure that the right protective equipment is being used during the investigation

6.4 Applicability of foam insulation.
In the effort toreduceconstruction costCO?emissiosand to reducthe energy consumption
foam insulation materjalg. PIR and PURhas been applied in building and ship construction for
many years.

Thewidespread use gppray foam insulatias due tdhe facthat it can be produced at the
building site at a relatiyébw costAt the same timé lnas lower thermal conductivity compared
to other insulation materials. This has made it an excellent construction matbogl &#om
constructive ankgislativepoint of viewbecause firovidesonstruction work and jetas well as
it contributsto reachinghe authoritigklemands ono®nomic and environmental objedive
When the behavior of insulation materials in case ohadiret been sufficiently examined and
whenthe insulation materi@nsequentlgontibutes to the fire load artlde firegrowth

problems arisé&Spray foam insulation can accelerate the fire, sprdadake the fire progression
impossible to predict.

This poses a risk to the residents in a buildingessatrew in terms of how elgshe spray
foam insulation ignites, how toxic the combustion predieand howtheyinfluence on the

heat released in the fitefire where spray foam insulation has been applied will proceed more
rapidly ompared to a fire wheiresulation materidilsee mineral woobr other norcombustible
materiad have beenused These factsimpair the possibilities for the residents to escape the fire
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They also call fanore fire preventive devicgh agautomatic fire alarms, automatic spriakler
and the presencé extinguishers and pressurized water hosethe like

When applying foam insulation in the construction of a building oetissee applicability of
the foam insulation and the possible fire hazards connected to the applied material must be
corsidered and assessed thoroughly. Neither ecarmreirvironmental objectives must
overrule thdire safety for residents in a building or a crew on a vessel. Foam insulation is an
outstanding insulation material compared to commonly used insulati@sswatkraglass

wool or stone wool both in insulation capacity and in ptieever,it will contribute to the fire
load when ignited and accelerate the fire spread and progessiin leading fatalities or
severe fire damage.

6.5 Statistics

All statistial material from England, Sweden and Densdf&rs from the absenoé
informationrelative tdhe influence of foam insulation on fires beyondht#represencef foam
insulationTo be able to exploit statistimaterial to improve firefety in buildings and vessels
the effectof foam insulation on the fire propagation @mthe fire fighting must bocumented
in more detaiFFurthermorestatistialdata must be recorded consisteatdipss countrig¢e be
immediately comparable. Difiat countries can gain experience from each othéusnd
increase fire safety. The same is true for legislaidrs able to do their jsfficientlythey need
access to more specific staisti@aterial in conjunction with unbiased informationuilding
materialsuch asoam insulation.

The statistic material does not show that foam insulation increases the dan@et af dioes
showthat foam insulation occurs in most fires as a coimglfactorto the fire load, the fire
spread and tHee damage.

6.6 International Association of Marine Investigators (IAMI)
It could be beneficitd include other forensic service cextean investigation to draw on their
experiencéom similar cases.
Following the fire onboard the M/T Atheaaequeddo the International Association of Marine
Investigators (IAMIreported nosimilar fire cause any previousvestigation of a ship fire
(International Association of Marine Investigators, .2011)
This, howeverdoes noexclude the possibility ofyasther ship fire caused by spontaneous
combustionBased on fire scene interpretatmmes of the responding investigasuspected
thatin some casélse cause of fire was spontaneous combuBtibthey had not been abte t
support their theory in a conclusive mannereitre they had stated the fire cause as
undetermined.

6.7 Questionnaire.
The outcome of the questionnaire might not be that surgilsaggmost of the responders work
within forensic fire scene invesimaor in areas closely connectégnerallyfoam insulation
was assessasa hazard to first responders, residents/crew, forensic fire scene investig@ators and
people in general perfangon a fire scen&urthermore, it was also considerédzardo the
environmentlue to toxicity and pollutiomMost of the respondeswoiced their concern abdbe
lack of connection between legislation and the application ohfodemtion. The responses
showed a general agreement on foam insulation beimglEeneisulation material as long as it
was prevented from contributing to the fire load.
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8 Appendix

8.1 Questionnaire

Q1:Which concerns should one observe by the use of foam insulation in buildings and ships?
During project planning? In the context of building/construction?

Q2:What significance can the use of foam insulation in buildéhgkips mean to
inhabitants/crew@nder normal circumstances? During a fire?

Q3:Which concerns should one observe in connection with fire fighting where foam insulation is
part of the fire load? Safety of persons? Safety of the fire fighters? Thehaxgjregiorts?
Healh and safey

Q4: Will an increased use of foam insulation in busldimdyconstruction be assessed to affect the
fire fighterdability to extinguish the fire?

Q5: To which degree will an increased use of foam insuftigitding and shigconstruction be
assessed to affect the fire figlfdogity to extinguish the fire:

great extent some extent lesser extent not at all
O @) @) @)

Q6: Will the present active fire protection initiatives (automatic fire alarm system, automatic
sprinkler system, fire ventilation system, escape routes etc) be assessed to be sufficient compared
to the use of foam insulation in buildings and ships?

Q7:1s theapplication of foam insulatianbuildings and ships considered to have importance for
the extent of fire damages in fires where foam insulation has not bedhTdygpéixtent of the
fire damages? Insurance?

Q8: Will the application of foam insulatiarbuildings and ships be assessed to have importance
for the interpretation of fires where foam insulation has not beadapplke condition of the
fire scene? Evidence collection? Heald safety issues?

Q9:ls it assessed that there are sufficiemtemdion between the existing legislation and the
application of foam insulation?

Q10:To which degree is it assessed that there are sufficient connection between the existing
legislation and the application of foam insulation:

great extent some extent lesser extent not at all
(@] (@] O O
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8.2 Schematic drawing of M/T Athena

____________ 1 - SE—
______________ |
PACKING & STORAGE AREA -IRJ Q
T
ll\ '\ /Il
| >m 131l
RN o s
IR
____________________________ = o
e S moeeesy -6
Sl wm S m s w T w5 N /
= 5 ] 7 1 13 ¥ E £ 2 13 13 % () 3 3 5 mis ® [ & 3 LOREAE Sans 1 0 * L2 ® E3 £3 [ AEAE DARE DAns - Ras

The red area shows the area of ignition on Deck 1.
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8.3 Method/tool and numbers of fire where foam insulation was present Sweden and Denmark
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Figurd 1 diagram of method/tool and number of fires in Sweden and Denmark where foam insulation basedanchhedsysedt
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8.4 Percentage ratio of fire damage-Sweden and Denmark
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Figurd2 diagram of peageatio of fire damage in Sweden andrDfimesarkere foam insulation based on the key words of the stati:
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8.5 Percentage ratio of foam insulation in fires-England 2011-2016
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Figurd3diagram of the pagastion of fires in England where foam insulation based on the key words of the statistics search we
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