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PVC	and	fire	safety	
Introduc*on	

•  Fire	safety	in	general	
–  Protec*on	of	life,	environment,	equipment	
– Material	≠	product	≠	system	≠	FSE	
–  Passive	+	ac*ve	measures	
–  Risk	≠	hazard	

•  Construc*on	Products	Regula*on	(305/2011)	
–  Safety	in	case	of	fire	(BWR2)	
– Decision	on	the	classifica*on	of	the	reac*on	to	fire	
performance	of	cables	(2006/751/EC,	repealed	by	
Delegated	Regula*on	2016/364)	
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PVC	and	fire	safety	
Introduc*on	

•  OZen	heard	about	PVC,	in	case	of	fire:	
– PVC	is	plas*cs,	thus	it	catches	fire	easily	
– PVC	can	rapidly	propagate	fire	
– PVC	generates	flaming	droplets	that	can	
propagate	fire		

– PVC	generates	dense	smoke	
– PVC	generates	more	toxic	gases	than	other	
materials	

– PVC	releases	HCl	that	is	par*cularly	toxic	
– PVC	smoke	is	corrosive	
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PVC	and	fire	safety	
Introduc*on	

•  Reality	about	PVC,	in	case	of	fire:	
– PVC	is	plas*cs,	thus	it	catches	fire	easily	à	NO	
– PVC	can	rapidly	propagate	fire	à	NO	
– PVC	generates	flaming	droplets	that	can	
propagate	fire	à	NO	

– PVC	generates	dense	smoke	à	YES/NO	
– PVC	generates	more	toxic	gases	than	other	
materials	à	NO	

– PVC	releases	HCl	that	is	par*cularly	toxic	à	NO	
– PVC	smoke	is	corrosive	à	YES/NO	
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PVC	and	fire	safety	
Basics	about	fire	safety	

•  Fire	safety	objec*ves	
–  Safety	of	life	
–  Conserva*on	of	property	
–  Con*nuity	of	business	opera*ons	
–  Protec*on	of	the	environment	
–  Preserva*on	of	heritage	

•  Parameters	to	consider:	local	situa*on,	type	and	
density	of	occupa*on,	escape	means,	fire	
scenario,	alarms,	detectors,	smoke	exhaust...	

à	Fire	safety:	a	diverse	and	complex	macer	!	
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PVC	and	fire	safety	
Reac*on	to	fire	proper*es	and	PVC	

•  Flammability	
•  Heat	release	
•  Smoke	genera*on	
•  Toxicity	of	fire	gases	
•  Corrosive	potency	
•  Flame	propaga*on	

+	charring	
+	intumescence	

PVC as material ! 
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PVC	and	fire	safety	
Reac*on	to	fire	proper*es	and	PVC	

•  Flammability	

Fire%safety%and%release%of%HCl%from%burning%PVC%–%Page%6%

Flammability%

Once%a%material%has%been%ignited,%the%associated%hazard%will%be%related%to%its%
flammability.%This%characteristic%is%quantified%by%the%LOI%(Limiting%Oxygen%Index),%the%
minimum%concentration%of%oxygen%in%the%atmosphere%needed%to%sustain%burning.%
Above%21%,%the%material%naturally%stops%burning%in%air%if%the%source%of%ignition%is%
removed.%In%O2%vitiated%atmosphere%such%as%during%some%phases%in%a%fire,%the%limit%is%
some%per%cents%lower.%

!
Limiting%oxygen%index%(%%O2)%

Heat%release%

The%amount%of%heat%released%by%a%burning%material%depends%on%its%heat%of%
combustion%(which%is%an%intrinsic%property%of%the%materials%in%relation%to%its%chemical%
composition)%and%on%other%fire%related%parameters.%The%higher%the%relative%
concentration%of%carbon%and%especially%hydrogen%in%the%material,%the%higher%its%heat%
of%combustion,%also%named%calorific%value.%The%low%calorific%value%of%PVC%dramatically%
depends%on%its%composition:%from%as%high%as%20%MJ/kg%for%PVC%as%a%resin%to%as%low%as%
4.5%MJ/kg%for%highly%filled%PVC%compounds.%Considering%approximately%13%MJ/kg%is%a%
good%average.%

%
Inferior%calorific%value%(MJ/kg)%
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PVC	and	fire	safety	
Reac*on	to	fire	proper*es	and	PVC	

•  Heat	release	

Fire%safety%and%release%of%HCl%from%burning%PVC%–%Page%6%

Flammability%

Once%a%material%has%been%ignited,%the%associated%hazard%will%be%related%to%its%
flammability.%This%characteristic%is%quantified%by%the%LOI%(Limiting%Oxygen%Index),%the%
minimum%concentration%of%oxygen%in%the%atmosphere%needed%to%sustain%burning.%
Above%21%,%the%material%naturally%stops%burning%in%air%if%the%source%of%ignition%is%
removed.%In%O2%vitiated%atmosphere%such%as%during%some%phases%in%a%fire,%the%limit%is%
some%per%cents%lower.%

!
Limiting%oxygen%index%(%%O2)%

Heat%release%

The%amount%of%heat%released%by%a%burning%material%depends%on%its%heat%of%
combustion%(which%is%an%intrinsic%property%of%the%materials%in%relation%to%its%chemical%
composition)%and%on%other%fire%related%parameters.%The%higher%the%relative%
concentration%of%carbon%and%especially%hydrogen%in%the%material,%the%higher%its%heat%
of%combustion,%also%named%calorific%value.%The%low%calorific%value%of%PVC%dramatically%
depends%on%its%composition:%from%as%high%as%20%MJ/kg%for%PVC%as%a%resin%to%as%low%as%
4.5%MJ/kg%for%highly%filled%PVC%compounds.%Considering%approximately%13%MJ/kg%is%a%
good%average.%

%
Inferior%calorific%value%(MJ/kg)%
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PVC	and	fire	safety	
Reac*on	to	fire	proper*es	and	PVC	

•  Smoke	genera*on	

Fire%safety%and%release%of%HCl%from%burning%PVC%–%Page%7%

Smoke%emission%

Smoke%is%the%result%of%the%incomplete%combustion%of%burning%material.%The%extent%
and%type%of%smoke%depends%not%only%on%the%nature%of%the%material%burning%but%also%
on%factors%such%as%fire%intensity%and%oxygen%supply.%Under%flaming%conditions,%PVC%
produces%quite%a%heavy%smoke.%Several%test%methods%are%used%for%assessing%the%
release%of%smoke%under%various%conditions.%The%diagram%below%gives%a%good%estimate%
of%the%smoke%production%of%various%materials%relative%to%PVCPU.%

%
Estimate%of%smoke%density%under%flaming%conditions%relative%to%PVCPU%(%)%

It%is%worth%to%remind%that%opacity%and%loss%of%visibility%are%not%necessarily%linked:%a%
white%smoke%is%less%opaque%but%the%loss%of%visibility%is%greater%than%with%black%smoke%
(white%smoke%bombs%are%used%by%the%army,%not%black%smoke…).%

In%real%fires,%smoke%accumulates%at%the%upper%layer%of%a%room%due%to%the%heat.%

One%or%several%of%the%following%means%can%attenuate%the%impact%of%smoke%regarding%
safety%of%life:%

• material%additives%(e.g.%metals,%zinc%borate)%

• optical%detectors%

• compartmentation%

• automatic%opening%of%smoke%exhaust%systems%or%forced%ventilation%

Smoke%toxicity%

All%organic%materials%give%rise%to%toxic%gases%upon%combustion.%The%major%gaseous%
products%of%the%combustion%are%carbon%monoxide%(CO),%carbon%dioxide%(CO2)%and%
water%vapour%(H2O).%Organics%are%emitted%as%well,%such%as%formaldehyde%(H2CO),%
acrolein%(C3H4O),%organic%aldehydes%and%acids,%polyaromatic%hydro%carbons%(PAH),%in%
smaller%and%various%concentrations.%Chlorine%containing%materials%give%off%
hydrochloric%acid%(HCl),%nitrogen%containing%materials%cyanhydric%acid%(HCN)%and%
nitrogen%oxides%(NOx).%HF,%sulphur%oxides%and%other%specific%substances%are%emitted%
depending%on%the%chemical%composition%of%the%materials%(polymer%matrices%and%
additives).%

With%reference%to%chlorine,%dioxins%are%sometimes%detected%in%smoke%and%soot%
deposition,%at%a%very%low%level,%generally%below%levels%of%concern.%Phosgene%(Cl2CO)%
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PVC	and	fire	safety	
Reac*on	to	fire	proper*es	and	PVC	

•  Toxicity	of	fire	gases	

Fire%safety%and%release%of%HCl%from%burning%PVC%–%Page%8%

has%never%been%detected%in%fire%effluents%at%any%significant%level.%Chlorine%(Cl2)%is%
unstable%and%does%not%appear%in%any%fire%effluent.%As%a%consequence,%only%HCl%in%
addition%to%the%other%usual%emitting%substances%is%of%significant%concern%with%
reference%to%burning%PVC.%

The%toxicity%of%HCl%is%average%compared%with%other%toxicants%as%illustrated%below.%

%
Toxic%level%of%combustion%gases%

compared%with%everyday%materials%(mg%gas/kg%body)%

Various%references%list%values%of%toxicity%of%chemicals%emitted%as%gases,%for%instance%
during%a%fire.%Paragraph%17%of%this%document%gives%examples%from%an%inventory%of%
values%and%makes%it%clear%that%the%calculation%of%the%toxicity%of%fire%effluents%is%not%
unequivocal,%in%particular%for%two%major%reasons:%%%

• the%composition%of%the%smoke%(both%in%terms%of%substances%evolved%and%
concentrations)%does%vary%with%time%because%fire%is%a%dynamic%phenomenon%in%
a%real%situation%e.g.%in%relation%to%the%temperature%and%the%oxygen%availability%
in%the%atmosphere;%

• the%choice%of%criteria%may%dependent%on%the%scenario,%the%objectives,%the%
safety%factor,%even%the%expertise%of%the%scientific%team.%

Corrosion%hazard%

Burning%PVC%has%resulted%in%corrosion%damage%to%metallic%components%such%as%
electric%devices%or%steel%structures.%It%has%also%been%suggested%that%HCl%could%weaken%
steel%reinforcement%in%concrete.%Whist%many%natural%and%synthetic%organic%materials%
can%initiate%corrosion%when%giving%off%fire%effluents,%burning%materials%emitting%nonP
organic%acids%such%as%HCl%of%HF%have%a%significantly%higher%corrosion%impact.%

In%case%of%unprotected%steel%structures%for%instance,%corrosion%is%generally%not%an%
issue%at%the%fire%location%because%they%are%anyway%distorted%and%weakened%by%the%
intense%heat%released%during%the%flash%over%phase.%

On%the%other%hand,%thanks%to%its%acidic%strength,%HCl%is%very%surface%reactive%with%a%lot%
of%products%that%can%be%oxidized%(such%as%metals)%or%neutralized%(such%as%oxides%or%
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PVC	and	fire	safety	
Reac*on	to	fire	proper*es	and	PVC	

•  Toxicity	of	fire	gases	
F	(ppm	vol)	according	to	
ISO	13571	(FEC	model)	

	
	HCl 	 	1000	
	HBr 	 	1000	
	HF 	 			500	
	NO2 	 			250	
	HCOH 			250	
	SO2 	 			150	
	Acrolein 					30	

30	min	LC50	values	for	rats	
(ppm	vol),	ISO	13344	

	
	HCl 	 	3800	
	HBr 	 	3800	
	HF 	 	2900	
	NO2 	 			170	
	HCOH 			750	
	SO2 	 	1400	
	Acrolein 			150	

	
	CO 	 	5700	
	HCN 	 			165	

ISO	13571:	
	
Life-threatening	components	
of	fire	–	Guidelines	for	the	
esDmaDon	of	Dme	to	
compromised	tenability	in	fires		
	
ISO	13444:		
EsDmaDon	of	the	lethal	toxic	
potency	of	fire	effluents	
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PVC	and	fire	safety	
Reac*on	to	fire	proper*es	and	PVC	

•  Flammability	
•  Heat	release	
•  Smoke	genera*on	
•  Toxicity	of	fire	gases	
•  Corrosive	potency	
•  Flame	propaga*on	

+	charring	
+	intumescence	

þ	High	Oxygen	Index	
þ	Low	calorific	value	
ý	Medium	range	
ý	Medium	range	
ý	HCl	(but	slow)	
þ	No	flaming	droplets	

	(PVC-U:	Self-exDnguishing)	

þ	Yes	
þ	Yes	(with	addi*ves)	
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PVC	and	fire	safety	
Tes*ng	

•  Standardisa*on	commicees	
–  ISO	TC	92	(WG8	-	WG13	-	SC1	-	SC2	-	SC3	-	SC4)	
– CEN	TC	127	
–  IEC	TC	89	(WG11	–	WG12)	
–  IEC	TC	20	(WG18)	
– CLC	TC	20	(WG10)	

•  Not	all	characteris*cs	at	the	same	*me	
•  Relevance	of	test	methods	and	difficulty	for	
scaling	up	characteris*cs	
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PVC	and	fire	safety	
Relevance	of	test	methods	

ISO	15791-1:	Plas*cs	-	Development	and	use	of	intermediate-scale	fire	tests	for	plas*cs	products	-	Part	1:	General	guidance		

Example	for	
plas*cs	
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PVC	and	fire	safety	
Relevance	of	test	methods	

ISO/DTS	15791-2.2:	Plas*cs	-	Development	and	use	of	intermediate-scale	fire	tests	for	products		

Example	for	
plas*cs	
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PVC	and	fire	safety	
Tes*ng	

•  Acidity	≠	corrosivity	≠	toxicity	≠	incapacita*on	
–  smoke	acidity:	pH	level	of	fire	effluents	found	in	smoke	condensate	

and	smoke	par*cles	(ISO/NP	11907-1)	
–  smoke	corrosivity:	measured	effect	of	material	or	product	

reduc*on	in	func*onality	due	to	the	corrosive	effects	of	smoke	
(ISO/NP	11907-1)	

–  smoke	toxicity:	impact	of	toxic	gases	to	a	given	target	(generally	
people)	in	a	specific	exposure	scenario.	In	general,	this	concerns	
acute	toxicity,	as	defined	in	ISO	13943	(ISO/NP	11907-1)	

–  incapacita*on:	state	of	physical	inability	to	accomplish	a	specific	
task,	e.g.	escape	from	a	fire	(ISO	13943)		

–  tenability	(opposite	of	incapacitaDon):	ability	of	humans	to	perform	
cogni*ve	and	motor-skill	func*ons	at	an	acceptable	level	when	
exposed	to	a	fire	environment	(ISO	13571)	
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PVC	and	fire	safety	
Tes*ng	

•  Acidity	≠	corrosivity	≠	toxicity	≠	incapacita*on	
–  IEC	60754:	Test	on	gases	evolved	during	
combus*on	of	materials	from	cables	
•  Part	1:	Determina*on	of	the	halogen	acid	gas	content	
à	material	composi*on	
•  Part	2:	Determina*on	of	acidity	(by	pH	measurement)	
and	conduc*vity	à	corrosive	potency	

– Corrosivity	linked	to	circuit	integrity	à	also	
bridging	by	soot	(quicker	!)	

– Toxicity:	many	chemicals	involved,	but	CO	is	N°1	
–  Incapacita*on:	also	thermal	effect,	O2	deple*on	

2017-02-28																																																PVC4Cables	–	PVC	and	fire	safety	(R.	Dewi,)																																													Page	18	

EU	
classifica,on	



PVC	and	fire	safety	
Sta*s*cs	about	fire	

•  Fire	safety	is	a	poli*cal	responsibility	since	it	
addresses	safety	of	life	first	

à	where	are	the	priori*es		
–  in	term	of	situa*ons	?	
–  in	term	of	requirements	?	

•  Interest	of	sta*s*cs	
–  ISO/TR	17755:	Fire	safety	-	Overview	of	na*onal	
fire	sta*s*cs	prac*ces	

–  In	parallel,	workable	data	could	be	collected	from	
several	countries	
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PVC	and	fire	safety	
Topics	under	considera*on	(1)	

•  Heat	release	vs	fire	condi*ons	(small	scale	
tes*ng)	(ISO	TC	92	SC1)	
– e.g.:	vi*ated	atmosphere,	low	combus*bility,	
smouldering	products	

•  Scaling	up	toxicity	of	fire	effluents	(ISO	TC	92	SC3)	
–  toxicity	of	fire	effluents	is	very	much	dependent	on	
fire	condi*ons	

– addi*onal	difficulty	for	materials	that	char	or	
sustain	induced	chemical	reac*ons	
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PVC	and	fire	safety	
Topics	under	considera*on	(2)	

•  Tenability	and	lethality	(ISO	TC	92	SC3)	
– Discussion/confirma*on	with	ref.	to	paradigms	

•  Sub-incapacita*ng	effects	(ISO	TC	92	SC3)	
– CO	and	disorienta*on	
– smoke	density	
–  impact	on	human	behaviour	

•  Burning	behaviour	of	PVC	construc*on	
products	(ISO	TC	61	SC4)	
– Development	of	a	ISO/TR	at	ISO	TC	61	SC4	
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Real-scale	fire	tests	
and	tenability	assessment	(LNE-LCPP)	

•  Sta*s*cs	
–  94	%	fatali*es	come	from	dwelling	fires	(FR)	
–  70%	of	vic*ms	in	sleeping	rooms	and	lounges	(US)	
–  70%	of	vic*ms	during	the	night	(from	6	PM	to	6	AM)	
–  cigareces/smoking	responsible	of	⅓	of	all	domes*c	fires	

•  Typical	scenario	
–  9	m2	sleeping	room	for	one	person	
–  2	common	situa*ons	
–  large	presence	of	PVC	products	

•  Ques*on:		
What	is	the	determining	tenability	parameter	?	
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Photo	3	
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Photo	1	
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Photo	4	
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Material	composi*on	of	the	
tested	bedroom	vs.	typical	bedroom		

Real-scale	test	

Typical	bedroom	such	as	in	an	hotel	
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Fire	from	quilt	-	Sleeping	person	
Bedroom	remaining	closed	

Thermal	effects	
Asphyxiants	
HCl	
FED	or	FEC	=	0,3	
FED	or	FEC	=	1	
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Fire	from	paper	bin	-	Ac*ve	person	
Bedroom	opened	aZer	approx.	3	min	
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Fire	
alarm	1	

Fire	
alarm	2	

Door	
opening	

Flash	
over	

Start	igni*on	

Stop	igni*on	

Thermal	dose	(a)	
Asphyxiants	(a)	
HCl	
Thermal	dose	(b)	
Asphyxiant	(b)	
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Real-scale	fire	tests	
and	tenability	assessment	(LNE-LCPP)	

•  Conclusion:	HCl	never	compromises	tenability	
–  fire	from	quilt,	sleeping	person	and	room	remaining	closed	

•  fire	alarms	à	OK	à	waking	up	and	escape	possible	
•  fire	limited	by	ven*la*on	
•  tenability:	toxic	effects	of	asphyxiant	gases	coupled	with	
oxygen	decay	

•  thermal	and	irritants	effects	are	negligible	
–  fire	from	paper	basket,	ac*ve	person,	room	opened	aZer	
approx.	3	minutes	
•  fire	alarms	à	OK	à	escape	possible	
•  flash	over	a	while	aZer	the	door	opening	
•  tenability:	thermal	effects	
•  toxicity	of	gases	only	aZer	thermal	effects	
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Characteris*cs	and	advantages	
of	PVC	in	fire	safety	

•  PVC	is	difficult	to	ignite,	moderately	releases	heat	and	
does	not	sustain	combus*on	

•  PVC	does	not	ease	flame	propaga*on	
•  PVC	does	not	generate	flaming	droplets	
•  PVC	does	produce	opaque	smoke,	but	comparable	to	
various	other	materials	depending	on	the	fire	scenario	

•  PVC	does	not	emit	more	toxic	gases	than	many	other	
materials	

•  Except	in	specific	situa*ons,	the	argument	of	acid	
gases	impact	is	not	valid,	in	par*cular	in	B&C	
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Characteris*cs	and	advantages	of	PVC	in	fire	safety	
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