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Smoke toxicity is the leading cause of death in fire.

- UK Gov. Statistics



UK Statistics: Non fatal injuries in fire

UK Gov. Statistics - 



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 

Definitions:
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This isnќt a new problemв



Daeyeonggak Hotel Fire, Seoul, South Korea
25th Dec. 1971

Cause: Propane gas explosion in a 
second-floor coffee shop.  

The blaze rapidly ascended the 22-
story structure due to combustible 
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), 63 injured.
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Siddharth Continental Hotel Fire, New Delhi, India
23rd Jan. 1986

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.
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23rd Jan. 1986

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.

No records to demonstrate inspection or compliance
Investigation and government inquiry highlighted systemic 

lapses in fire safety enforcement. 



Quakers Hill Nursing Home Fire, Sydney, Australia
18th 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 inhalation while asleep 
or evacuating, despite 
sprinklers activating.  
Casualties: 14 deaths 
(smoke and burns), 32 
hospitalized for inhalation .
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18th 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 inhalation while asleep 
or evacuating, despite 
sprinklers activating.  
Casualties: 14 deaths 
(smoke and burns), 32 
hospitalized for inhalation .

No records to demonstrate pre-fire inspection or compliance. 
Investigation showed: 

-Poor design of passive elements.



Grenfell Tower Fire, London, UK
14th June 2017

Cause: Faulty refrigerator ignition on the 4th 
floor.  
Flames spread upward via combustible 
cladding; toxic smoke filled the single stairwell  
and infiltrated higher-floor apartments, 
asphyxiating residents distant from the origin  
before flames arrived.  

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



Grenfell Tower Fire, London, UK
14th June 2017

Cause: Faulty refrigerator ignition on the 4th 
floor.  
Flames spread upward via combustible 
cladding; toxic smoke filled the single stairwell  
and infiltrated higher-floor apartments, 
asphyxiating residents distant from the origin  
before flames arrived.  

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

Explicitly NON-compliant . Catastrophic 
passive fire failures found.

The building had undergone multiple 
inspections. 



Loafers Lodge Fire, Wellington, New Zealand
16th May 2023

Cause: Arson; resident with 
schizophrenia set two fires. 

Blaze in 92-bed hostel spread 
smoke via corridors , 
asphyxiating tenants in remote 
rooms before flames reached 
them. 

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



Valencia Residential Complex Fire, Valencia, 
Spain
22nd FEB. 2024

Cause: Electrical fault in 
basement transformer room.  
Flames climbed via 
flammable cladding; toxic 
smoke permeated all 14 
stories , causing fatalities on 
distant floors.  

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



Valencia Residential Complex Fire, Valencia, 
Spain
22nd FEB. 2024

Cause: Electrical fault in 
basement transformer room.  
Flames climbed via 
flammable cladding; toxic 
smoke permeated all 14 
stories , causing fatalities on 
distant floors.  

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

Non-compliant cladding (PU)

Enforcement cited as a failure.



Hotel Oriente in San José, 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 
downtown San José. Fire and 
smoke spread rapidly, trapping 
occupants due to the 
obstructed exit.

Casualties: 5 deaths (3 men and 
2 women, including an elderly 
couple found embracing); 
several injured from smoke 
inhalation, and 1 missing.
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Tai Po, Hong Kong, 2025
November 26, 2025 

Cause: Nylon netting on building 
caught fire. Renovation conditions 
inspected 16 times  in 1.5 years. 
Issued improvement notices, 
including:
Å three prosecutions for safety 

violations
Å fines up to HK$18,000. 
Residents complained about safety 
conditions. Polystyrene used to seal 
windows. Fire spread to nearby 
towers. 
Casualties: 161 fatalities (ages 1-
97) 
Mostly in apartments, stairwells, 
and corridors
In addition: 79 non-fatal injuries 
(over 40 initially critical). 



What can we establish from these fires?

ÅDespite advancements, people are still dying in fires
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What can we establish from these fires?

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

Åresist fire spread  
Åmaintain structural stability
Åcontrol smoke spread



ÅStructural Framework
ÅCompartmentation Barriers
ÅExternal Envelope
ÅService Integrations



We rely on the structure remaining stable so that we 

can:

ÅMaintain safe egress 

ÅMaintain safety of firefighters

ÅMaintain safety of the nearby area 

ÅMaintain continuity of the fire barriers in place

ÅMaintain compartmentation 



What would happen if an 
unprotected building caught fire?



Fire stages and development 

ÅFlashover is the rapid transition 

in a fire where all combustible 

materials in an enclosed space 

ignite nearly simultaneously 

due to intense heat, typically 

occurring when temperatures 

reach 500ï600°C (932ï

1112°F), causing a sudden 

spread of flames and extreme 

danger. 





0 to 5 mins
A small fire in a room 
begins. 



5-15 mins



The fire will continue to growв



15-20 mins









Structural Instability  begins ( 20-30 min). 
 



20-45 mins







Decay (>45 min)



No protection causes 3 key 
problems: 
Å Smoke spread
Å Flame spread
Å Risk of structural 

collapse 



љItќs OK- we donќt need passive fire 
protection if we have sprinklersвњ



Ignition (0-5 min):  Flame sparks and a small fire starts 



Detectors sense 60°C rise and the alarms start. Evacuation begins, but smoke still spreads and rises.



If the fire is small, and located near the sprinklers- the fire will 

be put out by the sprinklers. Water mist also  aerosolizes 

smoke, aiding smoke spread

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



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

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



sprinklers activate at 68°C, discharging 
water, capping fire growth. Flames 
recede, but water mist aerosolizes 
smoke, aiding spread. Horizontal smoke 
migration through unsealed doors fills 
atriums

5-15 mins



Flashover is mitigated (15-20 min): sprinklers 
prevent uniform ignition. BUT vertical shaft 
convection propels unconfined smoke upward, 
infiltrating vents. 

15-20 mins



Quakers Hill Nursing Home Fire, Sydney, Australia
18th 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 
inhalation while 
asleep or 
evacuating, 
despite sprinklers 
activating.  
Casualties: 14 
deaths (smoke 
and burns), 32 
hospitalized for 
inhalation .



Fully Developed (20-45 min)

Localized to origin room, heat begins to warp steel 
columns (concrete may spaul). 

No collapse imminent, but smoke permeates floors of the 

building and oxygen dips to 12%. Sprinklers wet distant 

areas, BUT occupants ARE STILL AT RISK from inhalation. 
Smoke flood exit ways, making escape difficult. 



Water suppression douses embers. 

Large volumes of smoke are produced. As there 

is no compartmentation, smoke travels through 

the building, flooding egress routes. 

Those unable to escape unassisted are at risk 

of incapacitation and are reliant on rescue from 

firefighters. 

>45 mins



Sprinklers
The statistics

Sprinklers are 

effective 89% of the time

Key cause of failure: 

-Delayed  onset

-Failed onset (7%)

-Fire grew too large too fast, and the sprinklers 

failed to contain fire

NFPA Research | Fire Protection Systems: U.S. Experience with Sprinklers

By Tucker McGree 01-Apr-2024

The other 11% of the time....?



No protection causes 3 key problems: 
ÅSmoke spread
ÅFlame spread
ÅRisk of structural collapse 

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



No protection causes 3 key problems: 
Å Smoke spread
Å Flame spread
Å Risk of structural collapse 



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.





HVAC systems, Plastic pipes, metal pipes, cables etc..





Solving the problem



Ignition 0-5 mins
Flame sparks and a small fire starts 



Ignition (0-5 min)

The detectors activate at 60 °C and the alarms 
activate. Evacuation commences. 



Preventing smoke and flame spreadвШ



Concept of compartmentation
 

VS



ÅCompartmentation should isolate each apartment or 
designated area т making it as safe as a 2 storey house.
ÅThis prevents flame spread, and smoke spread .







These buildings will have services 
that will disrupt compartmentation: 
ÅPlumbing pipes through the floor 

and walls
ÅElectric cables through walls, 

floors, ceilings etc.. 

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



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



Solving the problem: 
Products and Fire rated systems



That property of materials or their assemblies that

prevents or retards the passage of excessive heat, hot

gases or flames under conditions of use.

IBC
FIRE RESISTANCE

79

How do we achieve this?



Material + M(OH)n

Heat

Material + M(OH)n

Heat

Material + M(OH)n

Heat

Water Metal oxide layer 

(Material decomposes to fuel)
 heat 

M(OH)n   Ą MO + H2O(g)
Å Heat absorbed
Å Water released

Layer of MO on surface :
Å Radiation shield
Å Cotinuous barrier to 

fuel and oxygen

Endothermic materials



Panel face
Panel core 

Insulation foam

Concrete wall Insulation (160 mm)
Air gap (50 mm) 

Composite panel 

Exterior

Aluminium 
foil 

Intumescent sealant

Stone wool fire-stopping insulation

a cladding system design

Size 
when 

activated 



And many other types of products, all with different 
applications!



Products & systems

Can not be rated

Can be rated

ÅRatings quantify a systemõs performance against fire, heat, 

smoke, and movement. 

ÅA product CAN NOT have a rating. Only a SYSTEM can get rated. 



SYSTEM Testing  = Suitability  Statement



ÅStructural ïSFRM, IFRM, Boards, Wrapsé.ASTM E119/UL263

ÅWalls/Floors - Fire & Smoke Barriers ïFire Separations

ÅASTM E119, UL 263

ÅFirestopping ïStandards are Based on E119, UL 263
ÅUL 1479, ASTM E814, FM 4990, UL 2079, E1966, E2307, E2837,
E3037étest
Åmethodséò

ÅSwinging/Rolling Fire Doors ïUL 10B & UL 10Cé.NFPA 252

ÅFire Rated Glazing ïUL 9, NFPA 257, UL 263, ASTM E119

ÅFire/Smoke Dampers ïUL 555, UL 555S, UL 555C

Fire Resistance Continuity = SYSTEMS



What do we assess and why?



Products are applied to an assembly, and THEN 
tested. 

SYSTEM Testing  = Suitability  Statement



F- rating

ÅThis certifies a firestop's ability to block 
flame passage . 

ÅThis is defined as the Time (in hours) a 

system prevents flame passage to the 

unexposed side.

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

ÅA 2-hour F means ӄ2 hours before 
breakthrough. 

ÅChosen to match barrier rating (e.g., 2-hr wall 

requires 2-hr F)



T-Rating
ÅThe time before unexposed 

side temperature rises 325°F 

(163°C) above ambient, plus 

no flame. 

ÅSelected for occupant 

protection in escape paths 

(NFPA 101).

ÅT-Rating limits heat 
conduction through the 
firestop, preventing auto-
ignition on the unexposed side 
(e.g., cables melting, sparking 
secondary fires). 



L-Rating
Å  L-Rating: Air leakage rates for smoke seal assess how much smoke will pass through the system. 

ÅIt is determined post -fire via blower door test; required for smoke barriers (NFPA 105).

Å L-Rating measures air/smoke leakage

Å Even F/T-rated systems leak if unsealedуL ensures tenable air for escape. 

ÅSteps:

Å(1) Fire test first

Å(2) Cool, seal chamber

Å(3) Apply pressure, measure flow. 

Å UL 1479 Annex 

Å E/ASTM E814 Annex A



L-Rating Å  L-Rating: Air leakage rates for smoke seal 

assess how much smoke will pass 

through the system. 

ÅIt is determined post -fire via blower door 

test; required for smoke barriers (NFPA 

105).

Å L-Rating measures air/smoke leakage

Å Even F/T-rated systems leak if unsealedу
L ensures tenable air for escape. 

ÅSteps:

Å(1) Fire test first

Å(2) Cool, seal chamber

Å(3) Apply pressure, measure flow. 

Å UL 1479 Annex 

Å E/ASTM E814 Annex A

Clasificación L : Tasas de fuga de aire para sellos 
contra humo, evalúa cuánto humo pasa a través del 
sistema. Se determina tras la prueba de fuego 
mediante un test de puerta sopladora; requerido 
para barreras contra humo (NFPA 105).
ÅMide la fuga de aire/humo.
ÅIncluso sistemas con clasificaciones F/T tienen 
fugas si no están sellados; la L asegura aire 
respirable para el escape. 

Pasos:
1.Prueba de fuego primero.
2.Enfriar, sellar la cámara.
3.Aplicar presión, medir el flujo. 

Å Anexo UL 1479
Å Anexo A de ASTM E814



M-Rating
Movement: Maximum displacement (mm) in axial/lateral 

directions while maintaining integrity.

ÅTested under cyclic movement; chosen for 

seismic/dynamic joints (e.g., IBC Table 715.3).

ÅSelection depends on hazard (e.g., occupancy, 

penetration type) and codes; e.g., high-rises mandate 

2-3 hr F/T.

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

ÅM=25% means handles 25% annular space shift. 



Choosing a solutionв

ÅThe way you pick a solution is dependant on your countries 
building code and processes.  
Å Performance based design 
Å Prescriptive based design 
Å Objective based 
Å Hybrid approaches 



ÅUSA, and NorthAmerica

ÅASTM E119

ÅUL 263

ÅCanada

ÅULC-S101

ÅEuro

ÅISO 834

ÅBS 476/EN 1363

StandardTestsEstablishFire-Resistance

UL Image


