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Number of fatalities

Smoke toxicity Is the leading cause of death In fire.
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UK Statistics: Non fatal injuries in fire
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NFPA: USA Fire statistics
Structural fires & structural deaths
Definitions:

Structural deaths refer to civilian fatalities occurring in structure
fires.

A structure fire is defined as any fire in or on a building or other
structure, even If limited to contents.

These account for the majority of U.S. fire deaths, with home
structure fires causing about 92% of them.



NFPA: USA Fire statistics
Structural fires & structural deaths
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No. of fires

NFPA: USA Fire statistics
Structural fires & structural deaths
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NFPA: USA Fire statistics
Structural fires & structural deaths
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This iIsmt a new problens



Daeyeonggak Hotel Fire, Seoul, South Korea

250 Dec.1971

Cause: Propane gas explosionin a
second-floor coffee shop.

The blaze rapidly ascended th&2-
sto(rjy structure due tocombustible
cladding and absent sprinklers ;
smoke Infiltrated stairwells and
upper-floor rooms , causing
asphyxiation far from the origin.

Evacuation was chaotic amid poor
exits.

Casualties: 164 deaths (primarily
smoke inhalation), 63injured.




Daeyeonggak Hotel Fire, Seoul, South Korea

250 Dec. 1971

Cause: Propane gas explosionin a
second-floor coffee shop.

The blaze rapidly ascended the 22
sto(rjy structure due tocombustible 48 o
cladding and absent sprinklers ; No records to demonstrate inspection or
smoke Infiltrated stairwells and compliance.
upper-floor rooms , causing —pa . s
asphyxiation far from the origin.

Evacuation was chaotic amid poor
exits.

Casualties: 164 deaths (primarily
smoke inhalation), 63 injured.



Siddharth Continental Hotel Fire, New Delhi, Indi

239Jan1986

Cause: Electrical short circuit in
basement banquet hall.

Fire propagated via service shafts
to upper levels;toxic smoke
permeated guest rooms and
atriums , suffocating occupants
distant from flames.

Casualties: 38 deaths (mostly
asphyxiation), 46 injured.




Siddharth Continental Hotel Fire, New Delhi, Indi

239Jan 1986
7

Cause: Electrical short circuit in /
basement banquet hall. ]“.‘-,‘l

. . . P s
Fire propagated via service shafts ‘ APl _
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to upper levels;toxic smoke lf‘_ff o e L
permeated gueSt rooms and No records to demonstrate inspection or compliance

atriums Suffocating Occupants Investigation and government inquiry highlighted systemi
: lapses in fire safety enforcement.

distant from flames.

Casualties: 38 deaths (mostly
asphyxiation), 46 injured.




Quakers Hill Nursing Home Fire, Sydney, Australi

18" Nov. 2011

Cause: Arson by a nurse
using accelerant in two
spots.

Early-morning firesspread
smoke across wards ;
victims in distant areas died
from inhalation while asleep
or evacuating,despite
sprinklers activating.

Casualties: 14 deaths
(smoke and burns), 32
hospitalized for inhalation




Quakers Hill Nursing Home Fire, Sydney, Australi

18" Nov. 2011

Cause: Arson by a nurse
using accelerant in two
spots.

Early-morning firesspread No records to demonstrate pife inspection or compliance.
smoke across wards : Investigation showed:
victims in distant areas died Foor design of passive elements
from inhalation while asleep

or evacuating,despite
sprinklers activating.

Casualties: 14 deaths
(smoke and burns), 32
hospitalized for inhalation




Grenfell Tower Fire, London, UK

14" June2017

Cause: Faulty refrigerator ignition on thelth
floor.

Flames spread upward via combustible
cladding; toxic smoke filled the single stairwell
and infiltrated higherfloor apartments, -
asphyxiating residents distant from the origin
before flames arrived.

04:43 BST

Casualties: 72 deaths (primarily smoke
Inhalation), 70+ injured.

04:20 BST
N




Grenfell Tower Fire, London, UK

l4th J une2017 Grenfel Tower: ] 02:108ST 02:34 BST

Cause: Faulty refrigerator ignition on the 4th
floor.

Flames spread upward via combustible

cladding; toxic smoke filled the single stairwell ol "1 &

and infiltrated higherfloor apartments, Explicitly NONcompliant . Catastrophic
asphyxiating residents distant from the origin passive fire failures found.
before flames arrived. The building hadundergone multiple
Inspections.
““

Casualties: 72 deaths (primarily smoke
Inhalation), 70+ injured. :




Loafers Lodge Fire, Welllngton New Zealand

16" May 2023

Cause: Arson; resident with
schizophrenia set two fires.

Blaze in92-bed hostel spread
smoke via corridors ,
asphyxiating tenants INn_ remote

rooms before flames reached
them.
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Casualties: 5 deaths (smoke
inhalation), 20 injured.



Loafers Lodge Fire, Welllngton New Zealand

16" May2023

Cause: Arson; resident with
schizophrenia set two fires.

h“‘

Under investigation

Blaze in92-bed hostel spread
smoke via corridors ,

asphyxiating tenants In remote Had aBWoF
rooms before flames reached ‘ RSl
them.

Casualties: 5 deaths (smoke
inhalation), 20 injured.



Valencia Residential Complex Fire, Valencia,

Spain
220d FEB2024
Cause: Electrical fault in
basement transformer room. N
'_“,'j i 7‘:{[ I il w;
Flames climbed via R o 4 s 1
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flammable cladding; toxic
smoke permeated all 14
stories , causing fatalities on
distant floors.
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Casualties: 10 deaths
(primarily smoke inhalation),
15 injured.



Valencia Residential Complex Fire, Valencia,
Spain
224 FEB. 2024

Cause: Electrical fault in
basement transformer room.

-~ el @ Rl IR
Flames climbed via - B i i n s g,
flammable Cladding; toxic Noncompllant cladding (PU)
smoke permeated all 14 | Enforcement cited as a failure.
stories , causing fatalities on --:‘,gw ,;mm- i »
distant floors. RO St

Casualties: 10 deaths
(primarily smoke inhalation),
15 injured.



Hotel Oriente in San Jose, Costa Rica

2nd Oct 2025

Cause: Under investigation.
Serious safety failures revealed,
Including an emergency exit i
blocked with metal wire. U\ N
A
04 2

The fire started on the third floor A it
of a three-story building In - ' U\ N
downtown San JoséFire and = , TN . -¥
smoke spread rapidly, trapping 2T 7 3 A\
occupants due to the . e «
obstructed exit. iy » LL T e

Casualties: 5deaths (3 men and

2 women, including an elderly e

couple found embracing); !
several injured from smoke

Inhalation, and 1 missing.
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Hotel Oriente in San Jose, Costa Rica

2nd Oct 2025

Cause: Under investigation.
Serious safety failures revealed,
Including an emergency exit
blocked with metal wire.

The fire started on the third floor
of a three-story building in _— B 1 N
downtown San JoséFire and No records to demonstrate mspectlon or
smoke spread rapidly, trapping compliance

occupants due to the o —— -
obstructed exit.

Casualties: 5deaths (3 men and
2 women, including an elderly
couple found embracing);
several injured from smoke
Inhalation, and 1 missing.




Tal Po, Hong Kong, 2025

November 26, 2025

Cause: Nylon netting on building
caught fire. Renovation conditions
iInspected 16 times in 1.5 years.
Issued improvement noticés,
Including:

A three prosecutions for safety
violations

A fines up to HK$18,000. . | T A

Residents complained about safety
conditions. Polystyrene used to seal
windows. Fire spread to nearby
towers.

g%sualties: 161 fatalities (ages 1-

Mostly in apartments, stairwells,
and corridors

In addition; 79 non-fatal injuries
(over 40 initially critical).
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What can we establish from these fires?

ADespite advancements, people are still dying in fires



What can we establish from these fires?

ADespite advancements, people are still dying from in fires
ADespite there being less fires, the risk level is just as high



What can we establish from these fires?

A
A
A

Despite advancements, people are still dying from in fires
Despite there being less fires, the risk level is just as high

nspection and Compliance is rarely enforced properly globally



Back to basics



Key elements of a building

Passive fire protection (PFP) relies on integral building elements
to:

Aresist fire spread
Amaintain structural stability
Acontrol smoke spread



Cavity wkith (W)

A Structural Framework

A Compartmentation Barriers
A External Envelope

A Service Integrations




We rely on the structure remaining stable so that we
can:

A Maintain safe egress
A Maintain safety of firefighters

A Maintain safety of the nearby area

IA Maintain continuity of the fire barriers in place

IA Maintain compartmentation




What would happen if an
unprotected building caught fire?



Temperature

Fire stages and developmer

ﬁ

A Flashover is the rapid transition
Fully-developed

fire _ in a fire where all combustible
St 4 . .
e materials in an enclosed space
St 2 . . :
— R ignite nearly simultaneously

S ALY due to intense heat, typically
well-ventilated .
flaming occurring when temperatures
reach 5001 600°C (9321
1112°F), causing a sudden
Non-flaming spread of flames and extreme
smoldering danger_

Ignition Flashover Decay Time
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Oto 5mins

Asmall fire in a room
begins.




5-15mins




The fire will continue to grows




15-20 mins
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Structural Instability begins ( 20-30 min).
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Decay (A5 min)
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No protection causes 3 key

problems:

A Smoke spread

A Flame spread

A Risk of structural
collapse




rHis Ok we domt need passive fir
protection If we have sprinklers



Ignition O-5min): Flame sparks and a small fire starts




Detectors sensé0°C riseand the alarms startEvacuation begins, but smoke still spreads and rises




If the fire is small, and located near the sprinklére fire will
be put out by the sprinklerd&Vater mist also aerosolizes
smoke, aiding smoke spread

X XBut what if the fire is large, or if it is fast growing?




For very large fires or rapidly
growing fires, sprinklersmay
activate but become
overwhelmed .

i\

Thermal
Radiation

A 1’
[ Combustion
VET TN )

R : Solld Phase
st comvcten
W
B |

Convection

Water mist can further aerosolize [}
smoke, exacerbating toxicity and /
visibility issues.

Volatiles




5-15mins

sprinklers activate ab8°C, discharging
water, capping fire growth. Flames
recede, but water mist aerosolizes
smoke aiding spreadHorizontal smoke
migration through unsealed doors fills
atriums i




15-20 mins

Flashover is mitigated1(5-20 min): sprinklers
prevent uniform ignition BUTvertical shaft
convection propels unconfined smoke upward,
Infiltrating vents.




Quakers Hill Nursing Home Fire, Sydney, Australi

18" Nov.2011

Cause: Arson by a
nurse using
accelerant in two
spots.

Early-morning fires
spread smoke
across wards;
victims in distant
areas died from
iInhalation while
asleep or
evacuating,

spite sprinkler
activating.
Casualties: 14
deaths (smoke
and burns), 32
hospitalized for
Inhalation .




Fully DevelopedZ0-45 min)

Localized to origin roonmeat begins towarp steel
columns (concrete may spaul).

No collapse imminent, but smoke permeates floors of the
building and oxygen dips tt2%. Sprinklers wet distant
areas, BUT occupants ARE STILL AT RISK from inhalation.
Smoke flod exit ways, making escape difficult.




. &
>45 mins ¥

Water sippression douses embers

Large volumes of smoke are producéd there
IS N0 compartmentation, smoke travels through
the building, flooding egress routes.

Those unable to escape unassisted are at risk
of incapacitation and are reliant on rescue fro
firefighters.

g




Sprinklers

The statistics
Sprinklers are

effective 89% of the time

Key cause of failure:
-Delayed onset
-Failed onset'{%)
-Fire grew too large too fast, and the sprinklet
failed to contain fire

The other11% of the time....’;,;_

NFPA Research | Fire Protection Systems: U.S. Experience with Sprinklers
By Tucker McGre@l-Apr-2024



No protection causes 3 key problems:
A Smoke spread

Reduced risk but still a problem if the fire
develops rapidly or is large.

A Risk of structural collapse



No protection causes 3 key problems

A Smoke spread
A Risk of structural collapse

i

Combination of burns and
overcome by gas/smoke

B Overcome by gas, smoke or
toxic fumes
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Active fire protection (sprinklers and
alarms) stops the fire growing too large;

Passive fire protection stops the fire and
smoke spreading around the building



Smoke spread still occurs with sprinklers and alarms!






Smoke will move through openings to other parts of the building.
This is how occupants die in fires despite not being near the room of the fire.
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HVAC systems, Plastic pipes, metal pipes, cables etc..







Solving the problem



Ilgnition0-5 mins

Flame sparks and a small fire starts




Ignition (0-5 min)

The detectors activate ato0 °C and the alarms
activate. Evacuation commences.




Preventing smoke and flame spread B L




Concept of compartmentation




Rapid Fire Spread Restricted Fire Spread
Cladding system contributes 1o Cladding system does not

flame spread resulting in risk of contribute to flame spread. Risk of
muitiple simuitaneous secondary secondary fires limited
fires

A Compartmentation should isolate each apartment or
designated areat making it as safe as & storey house.

1 If the external
A This prevents flame spread, and smoke spread . cinding - M| Secohdwy o
the flame
spread there
Is a risk of
secondary fire
spread to all
levels
Secondary fire
ifa
sacondary
fire is
allowed to
develop
then
process is
repeated
Flames break out | \ . Flames break out
and attack and a
adjacon! windows adjacent windows
External fire Secondary

extemnal fires
arising from
falling buming
debris

incident




Fire floors

COMPARTIMENTS

COMPARTIMENTS

COMPARTMENT FLO

COMPARTMENT FLO

COMPARTMENT FLOOR







These buildings will have services

that will disrupt compartmentation:

A Plumbing pipes through the floor
and walls

A Electric cables through walls,
floors, cellings etc..

How do we maintain
compartmentation when the wall
has holes In for services?




Aln facade structures, if the fire reaches the
external cladding, an unprotected
combustible facade will allow the fire to
spread to other floors of a building
externally.

Cavity wiith (W)

Fire growing
Insice the cavity

Fire drawn up \

“chimney effect”

Cavity

Cladding =
Interior of building

\
|

Fire

Fire impinging on
the facade outside

Fire origin
floce

Grenfell Tower:
14 June 2017, 01:30 BST

03:08 BST

04:20 BST

02:10 BST

02:34 BST




Solving the problem:;
Products and Fire rated systems



IBC
FIRE RESISTANCE

That property of materials or their assemblies that
prevents or retards the passage of excessive heat, hot
gases or flames under conditions of use.

How do we achieve this?

79



Endothermic materials

Heat Heat Heat

A L N

Water Metal oxide layer

O
Material + M(OH) ) ) Material + M(OH)
(Material decomposes to fuel) Layer of MO on surface :
heat A Radiation shield
M(OH), A MO + HO(g) A Cdinuousbarrier to
A Heat absorbed fuel and oxygen

A Water released




Exterior

Panel face

———] , Panel core

Aluminium
™ foil
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Intumescent sealant

Insulation foam

Composite panel

¥

|

Insulation (60 mm)

Concrete wall

Air gap 50 mm)



And many other types of producd,with different
applications!

Fire Resistive Glass with
Intumescen t Interlayer

FIRE RESISTIVE FRAMING

Unexposed side

< 250°F \ |
average

Exposed (fire) side
1700°F

at 60 minutes




Products &systems

ARatings quantify a system@ performance against fire, heat,
smoke, and movement.

AA product CAN NOT have a rating. Only a SYSTEM ca

ff

n get rated.

Can be rated

Can not be rated



SYSTEM Testing = Suitability Statement



FireResistanceContinuity =SYSTEMS

AStructural T SFRM, IFRM, Boards, Wrapsé .ASTM E119/UL263
AWalls/Floors - Fire & Smoke Barriers i Fire Separations
AASTM E119, UL 263

AFirestopping T Standards are Based on E119, UL 263

AL 1479, ASTM E814, FM 4990, UL 2079, E1966, E2307, E2837,
3037¢é test
methodsé o

ASwinging/Rolling Fire Doors i UL 10B & UL 10Cé .NFPA 252
AFire Rated Glazing i UL 9, NFPA 257, UL 263, ASTM E119
AFire/Smoke Dampers i UL 555, UL 555S, UL 555C



What do we assess and why?



Products are applied to an assemblyand THEN
tested.

SYSTEM Testing = Suitability Statement



F rating

A This certifies a firestop'sability to block
flame passage.

A This is defined as the Time (in hours) a
system prevents flame passage to the
unexposed side.

ARequirements: Field installs must mirror
lab test set up (e.g., exact fill depth);

AA 2-hour F means K2 hours before
breakthrough.

A Chosen to match barrier rating (e.g.,2-hr wall
requires 2-hr F)




T-Rating

Thot @ Teoid AThe time before unexposed
N side temperature rises 325°F
2 ‘ (163°C) above ambient, plus
= =7 ——— no flame.
\ " e ~ ASelected for occupant
;’:;' ~ protection in escape paths
~ = (NFPA101).
iy = ; AT-Rating limits heat
AaAlh B laa conduction through the
] | ‘ firestop, preventing auto
i ignition on the unexposed side
(e.g., cables melting, sparking

_t | secondary fires).



A L-Rating: Air leakage rates for smoke seal assess how much smoke will pass through theystem.

A 1t is determined post-fire via blower door test; required for smoke barriers (NFPA105).

A L-Rating measures air/smoke leakage

A Even F/Trated systems leak if unsealeq L ensures tenable air for escape.
A Steps:

A (1) Fire test first

A (2) Cool, seal chamber

A (3) Apply pressure, measure flow.

A UL1479Annex

A E/ASTM B14 Annex A



A L-Rating: Air leakage rates for smoke seal

L—Ratin_g

y
g

)

iR
—

—_—

To orifice 4
plate and
fan

Rear viewport —

—

Through-rods 4
measure derle1li0n

| Side viewports

Port for thermocouple ressure Transducer
wires stand-offs (multiple)

o 10 inside of sealed
“enclosure

\Mounted test

doorset

A E/ASTM B14 Annex A



M-Rating

Movement: Maximum displacement (mm) in axial/lateral
directions while maintaining integrity.

A Tested under cyclic movement; chosen for
seismic/dynamic joints (e.g., IBC Table/15.3).

A Selection depends on hazard (e.g., occupancy,
penetration type) and codes; e.g., high-rises mandate
2-3 hr F/T. \

A M-Rating assesses firestop resilience to building
movement (thermal expansion, seismic), preventing
cracks that breach seals.

A M=25% means handles25% annular space shift




Choosing a solutian

AThe way you pick a solution is dependant on your countries
building code and processes.

A Performance based design
A Prescriptive based design
A Obijective based

A Hybrid approaches



StandardlestsEstablishFireResistance

AUSA, and North America

AASTM E119

AUL 263
ACanada

AULC-S101 e
AEUro - i

AISO 834 o Lo
ABS 476/EN 1363 '

UL Image



