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Fire Safety Issues

• Cooking risk
• Sleeping Risk
• Alcohol
• Relies on occupants for 

fire safety maintenance/ 
management

• Social issues.



Fire Safety in Residential Buildings

• Traditionally prescriptive
• Reliance on

� Escape routes – stairs, 
window escapewindow escape

� More recently smoke 
alarms

� Containment by passive 
means

� Smoke venting in 
common areas.



Dwellings

• Two storey
� Open stair permitted
� windows suitable for 

escapeescape

• Three storey +
� Protected stair up to 

7.5m
� > 7.5m second stair

• Smoke Alarms.



Apartment Buildings

• Detection within apartment
• Protected entrance halls 

internally
• Containment
• Limit Distances in common 

areas
• Ventilation of Common 

Areas
• No limit on height with a 

single stair.



Internal apartment Arrangements

• Relies heavily on fire doors
• Reliability of fire doors in 

these buildings 
questionable – ADB 2006questionable – ADB 2006

• Detection in entrance hall, 
living room and kitchen 
only

• Where no protected 
entrance hall travel 
distances limited and 
alternative exits required 
from bedrooms.



Common Areas

• Where less than 11m in height and 
travel distances < 4.5m then no 
additional measures required

• If either of these limits exceeded a 
1.5m2 AOV required

• Efficiency of AOV’s questionable.



Fires by Location



Fire Deaths by Location



Traditional Approach

• Simplistic and prescriptive
• Gradual reductions in fire deaths in 

recent yearsrecent years
• Still the highest fatality rate of all 

building types
• Is there another way?



Fire Engineering

• Originally developed for 
large complex buildings

• Alternative Approach• Alternative Approach

• Fire Engineering from 
First Principles

• Solutions specific to each 
building.



ASET and RSET



Residential Sprinklers

• Relatively new 
development in 
Europe

• Extensively used in • Extensively used in 
North America

• Fire Statistics
• Research
• BS 9251: 2005.



Residential Sprinklers



Residential Sprinklers – Statistics

• Scottsdale
� 598 house fires over 10 year period
� sprinklers in 44 of them – no fatalities

10 fatalities in unsprinklered fires� 10 fatalities in unsprinklered fires

• Vancouver
� Fire fatalities fallen from 7/100,000 population to 

1/100,000

• Similar studies throughout the states reveal a 
consistent pattern.



Residential Sprinklers - Research

• BRE Full Scale Tests
� Sprinklered and unsprinklered 2 storey dwelling
� Unsprinklered – untenable conditions throughout 

househouse
� Sprinklered 

• Controlled all the fires – extinguished most
• In all tests, fatalities would not have occurred even for 

occupants in room of origin
• Apart from visibility conditions throughout the house 

would have remained tenable even with doors to lounge 
open.





Guidance

• NFPA
� Travel distance in apartments 38m
� No requirement for window escape

• ADB 2006• ADB 2006
� Sprinklers required >30m
� dwellings >7.5m with a single stair
� duplex units >4.5m above access level

• TGD B 2006



Fire Engineering

• Open plan layouts
• Extended travel distances in common 

areasareas
• Duplex units
• Fire brigade access

� Podium access 
� Extended distances/access difficult.



Detection in Dwellings

• Ownership increased from 8%(1988) to 
70%(1994)

• More gradual reduction recently (80%)
• In 2000, smoke alarms raised alarm in 20% 

of fires
• In 2005, this increased to 35%
• No smoke alarm – 8 fatalities per 1000 fires
• Smoke alarm – 3 fatalities per 1000 fires.
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Code Recommendations

• Previously detector in hallway
• Now recommended in hallway, living 

area and kitchen (LD2)
• More lives saved by providing detectors 

throughout?
• Orange County showed a reduction of 

50 seconds by putting detectors 
throughout.



Smoke Venting in Common Areas

• Code recommends 1.5m2 AOV on 
external elevation

• Shaft approach evolved over years
� contentious issue – effective? inlet/no 

inlet?

• Is external vent or shaft effective?



BRE Research

• 1/5th scale modelling
• Traditional vent v Shaft 

open at bottom
Wind 
Flow

Fire room/
lobby door

Lobby/stair 
door

Fire room/
lobby door

Lobby/stair 
door

Smoke 
Flow

• Shaft better than 
window in most wind 
conditions

• BRE Shaft (no inlet). Wind 
Flow

Shear 
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BRE Research

• Traditional wall vent assists smoke venting in corridors but 
provides no protection to stair 

• Various smoke shaft sizes (closed at bottom) proved not to 
provide much protection to corridor but protected stair

• Smoke shaft with fan at the top protected stair only• Smoke shaft with fan at the top protected stair only
• Pressurization of stair with pressure relief to corridor 

protected the stair
• Pressurisation of the stair and lobby protected both
• Extract system to corridor protected both

• Compartmentation is the critically important factor.



Alternative Approaches

• Mechanical Extract from corridor
• Much smaller shaft sizes 

� 0.3m2 for means of escape
� 0.6m2 for fire fighting

• Pressure relief sensor in lobby
• Tests show stair clear of smoke even 

with door open
• Sprinklers?.



Case Study

• Mixed-use building
• Basement car park
• Offices at ground • Offices at ground 

and 1st floor
• Apartments over 

2nd - 11th floor.



Code Compliant Layout



First Floor Office Layout



Proposed Layout

~19m



Fire Engineered Solution

• Single stair resulted in travel distances of up to 19m 
in common corridor

• Open plan apartment layouts:-
Travel distances of ~12m within apartments and� Travel distances of ~12m within apartments and

� Bedrooms as inner rooms

• Fire engineered solutions:-
� Mechanical Extraction – deals with common corridor only
� Residential sprinklers in apartments - incorporates 

flexibility for open plan apartment layouts.



CFD Models - Proposed

1MW Fire 19m Corridor

Open Plan 
Apartment

Points of Measurement



CFD Models – Code Compliant

3MW Fire

7.5m
Corridor

1.5m² AOV

Code-compliant 
Apartment Layout



Results of CFD Analysis



St. Pancras Chambers

• Apartment buildings
• Single stair is acceptable
• Max 7.5m single direction 

travel distance in the travel distance in the 
corridor

• Can be extended by:
� sprinklers
� and / or corridor smoke 

control

• Historic Building 
Conversions e.g. St 
Pancras Chambers.



Apartment design - sprinklers

• Duplex units with 
entrance halls open 
to living room above

• Retain existing 
doors & fanlights.



Code Compliant Configuration



Corridors



Proposed Configuration



Model - Proposed

• Sprinklered fire
• Stairs
• Corridor
• Apartment



Results - Proposed
Temperature profile



Results - Proposed

CO profile



Model - Code Compliant

• Flashover
• Shorter corridor
• Small volume • Small volume 

corridors
• Protected 

escape routes
• OV in corridor



Results - Code Compliant

Temperature profile



Results - Code Compliant

CO profile



Conclusions

• Traditional approach to fire safety in dwellings 
relies primarily on passive means

• Despite measures, still highest fatality rate of 
all building types

• Significant reduction in fire deaths from 
smoke detectors – slowed off

� Need for full detector coverage?
• Sprinklers and mechanical smoke venting 

more effective than passive measures
• Trade offs required to convince developers.
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