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Understanding the fire spread process

Passive Fire Safety Engineers/ ASFP
CPA- Construction Products Association
CPPI- Code for  Construction Product 
Information- Ethical information.



A firefighting practice drill in a 10 storey social housing block

A team of  firemen in a bridgehead 
location (internal at Grenfell)

A firefighting hose roll on the 900mm 
wide stair ready to be charged

The fully charged hose ready to be 
taken up the stair to fire floor

Protected Lobbies Twin breaching risers 2 stairs – Sept 2026



Stairwell protection teams in high-rise fires 

Twin breaching dry riser in protected lobby not stair

Avoid hoses on the stairs as trip hazard & doors propped

‘Sufficient protection to common means of escape is necessary to allow occupants to escape should they choose to do 
so or are instructed/aided to by the fire service. A higher standard of protection is therefore needed to ensure 
common escape routes remain available for a longer period than is provided in other buildings.’ 

In the UK - s3.3 ADB-1 2019: (in part)

Twin breaching outlets , 2nd Staircases, protected 
lobbies.



Understanding actual fire fighting activities whilst designing

Hoses on Stairs are a serious risk for escapees descending  in single stair remediation projects 



Twin breaching dry riser in protected lobby 
NOT stair

Evacuation whilst firefighting ongoing!

Avoid hoses on the stairs as trip 
hazard & doors propped



Fire-Fighting kit to carry-up

This is not compatible with an Evacuation Strategy in one Stair!



Kent FRS stairwell protection strategy

Especially where a second staircase is not 
practicable or available

PVV Positive pressure ventilation by mobile 
fans suitably deployed with vent to 
atmosphere openings at the top



Smoke venting & assisted natural stack ventilation

Escapees should move in the opposite 
direction of the smoke ie. Smoke 
vents away from Cores



Understanding “vulnerable persons” evacuation

Every 
Housing Block 
is effectively 
a Care Home!

No such thing as “general 
needs” housing

‘DOMICILE CARE’

Stay-Put initially but if 
ambulant can they proceed 
to the protected lobby?  
Communication is required? 
How  many in lobby?
Is it a safe place?



Is this an 
adequate 
landing 
refuge?

These design criteria need 
further validation or change Wider stairs, especially where single? 

Fire Fighters 
ascending?

Can we make 
further  
improvements? 

Understanding “vulnerable persons” evacuation

Will vulnerable persons 
inhibit the escape of others?
Is the Stair refuge a safe 
place? 









3.5.2 Inclusive design is indivisible from good design

Policy D5 Inclusive design 
A       Boroughs, in preparing their Development Plans, should support the creation 
of inclusive neighbourhoods by embedding inclusive design

All agreed by the Secretary of State 
29 January 2021

What about the ADBs?

The proposed ADB  alterations  
suggest above 18m? 7 Storeys?
What about those  in lower blocks?



EXAMPLE: BIM design service deliverables & firestopping

16

Approvals & Reports

BIM Modelling

Plan View Drawings

Bill Of Materials

Shop Drawings 

Is it reasonable to provide all this as 
Gateway 2 application? Staged 
Applications & AWR’s?



Gateway  2- In Principle  
Gateway  2 – Approval with Requirements



It’s not just Fire Safety……….

Safety Critical Elements - Identify Early , provide full details later. 



WHAT HAPPENS NEXT?

 PBUSSEY@AHMM.CO.UK

Paul Bussey RIBA, FIFireE, IMaPS, FIIRSM, FASFP



Andrew Gausden

PRACTICAL CHALLENGES: SMOKE SYSTEMS



Delayed Evacuation Principles

• Where a fire occurs in a flat, the occupants of that dwelling evacuate, but occupants of all other 

dwellings can safely remain in their dwellings unless directed to leave by the Fire and Rescue Service 

or, they are affected by heat or smoke or, ultimately feel unsafe to remain in their individual flat

• A delayed evacuation strategy is highly reliant on smoke control within the common escape routes to 

maintain tenability limits within acceptable parameters for an extended period

Evacuation Phases

The design of purpose-built flats supports the three phases of the evacuation of residents in the event of 

fire:

These include:

• Phase 1: The evacuation of the dwelling

• Phase 2: Horizontal escape from the dwelling to a place of relative safety

• Phase 3: Vertical escape from a place of relative safety to a place of ultimate safety

EVACUATION STRATEGY AND THE ROLE OF 
SMOKE CONTROL



Code of Practice 3 Chapter IV Part 1

• 1962 to 1990

Approved Document B Fire Safety

• 1992 to 2006

Approved Document B Fire Safety

• 2006 to date

BS 5588: 1990 Part 1 Code of practice for residential buildings

• 1990 to 2011

BS 9991: Fire safety in the design, management and use of residential buildings – Code of practice

• 2011 to date

DD 240 – Fire safety engineering in buildings (1997)

BS 7974 – Fire Safety Engineering Principles (2001 & 2019)

EVOLUTION OF SMOKE CONTROL



Code of Practice 3 Chapter IV Part 1

• 1962 to 1990

• Three-door protection

• Smoke containment

• Smoke dispersal*

• Permanent ventilation

• Outside wall required

EVOLUTION OF SMOKE CONTROL

1

2

3



Approved Document B

• 1992 to 2006

• Automatic smoke control

• Three-door protection &

vented corridor

• Two-door protection, vented

lobby & openable stair vent

• Stair no outside wall

EVOLUTION OF SMOKE CONTROL



Approved Document B Fire Safety Volume 2

• 2006 to date

• Automatic smoke control, both lobby & stair

• Three-door protection, corridor & ventilated lobby

• Two-door protection & ventilated lobby

• Outside wall or smoke shaft

EVOLUTION OF SMOKE CONTROL



Smoke Ventilators

• Code of Practice 3 Chapter IV Part 1

• Permanent vents: 15 sq/ft (1.4 m2)

• Approved Document B

• Lobby 1.5 m2 AOV

• Stair 1.0 m2 AOV

• BS 9991 2024

• Lobby 0.9 m2 AOV

• Stair 0.7 m2 AOV

• Aerodynamic free area

• General Requirements

• Top or side hung

• Sited as high as practicable 

SMOKE CONTROL SPECIFICATION



The Actual Reality

SMOKE CONTROL LEGACY BUILDINGS



Smoke Ventilators

• CP 3 Smoke Vents

• 15 sq/ft (1.4 m2)

SMOKE CONTROL LEGACY BUILDINGS

6 sq/ft



Regulatory Reform (Fire Safety Order) 2005

• Purpose-built Flats Guide 2011 to date

• Framework for carrying out a fire risk

assessment to compare the standard

of fire safety found in a particular block

Fire Risk Assessment or Fire Strategy

• Can we complete one without the other?

SMOKE CONTROL LEGACY BUILDINGS





Thank You

PRACTICAL CHALLENGES: SMOKE SYSTEMS



Smoke Ventilation – Intent to Design
Steven Attrill - Product Specialist PDS Systems
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Agenda Smoke ventilation key concepts

Realities of concept into workable solutions 

Translating to real building layouts

Smoke Ventilation – Intent to Design
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Smoke ventilation key concepts

Realities of concept into workable solutions 

Translating to real building layouts

Smoke Ventilation – Intent to Design



21 3Natural System

Aims to relieve smoke

Keep the stair tenable (by 
encouraging stairwell to purge).

MSVS (Mechanical Smoke Ventilation 

System)

Aims to remove smoke. 

Keep stairs relatively smoke free (by 
pulling airflow from the stairwell).

PDS (Pressure Differential System)

Aims create protected spaces 

which are free of smoke (via passive 
or active relief).
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Smoke ventilation key concepts
- Intent / Basis of Design

Code compliance does not excuse poor design. EN12101-6:2022 & EN12101-13:2022 are not 

harmonised but BS versions are in use. 

Smoke Ventilation – Intent to Design

Natural 
ventilatio
n of 
smoke

Natural air/ 
smoke outlet

Natur
al air 
inlet

Air drawn 
through stair 
by under 
pressure

Protected 
spaces (stair, 
lobby, lift) 
are 
mechanically 
pressurised 

Area with 
exhaust is 
depressurised

Relief controlled
or designed to 
limit under 
pressure



21 3
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Smoke ventilation key concepts
- System Function

Notes for all systems: 

- Full air routes (inlet through to outlets) and so build quality is a key feature of all smoke control systems,

- Natural Systems and MSVSs rely on the stair being ~0 Pa or more, but environmental conditions can impede this.

PDS

• Supply pressurises protected 
spaces.

• Exhaust shaft acts as relief only – 
aim is to reduce smoke movement.

MSVS

• Mechanical exhaust nominally  
depressurises lobbies or corridors. 

• Smoke usually pulled towards the 
escape route.

• Design of supply is key – mechanical 
preferred for lobby supply.

Natural System

• Exhaust shaft acts to relieve 
overpressure from the fire. 

• Smoke inadvertently encouraged to 
move towards the escape route.

FF Lift

FF Stair

FF Lobby

Stair Door

Low level door/ 
vent open.

Exhaust shaft allows relief of 
+ve fire pressure / buoyant 
smoke

Refuge

FF Lift

FF Stair

FF Lobby

Pressure nominally 
measured across 
door(s)

-ve mech. 
Exhaust (~-
20 Pa or 
lower across 
door)

+ve 
mech. 
supply

Refuge

Protecte
dFF Lift

Protected 
FF Stair Protected 

FF Lobby

~-5-5 Pa 
primarily for 
relief of +ve 
pressurisatio
n

25-35 
Pa

25-35 
Pa

25-35 
Pa

Independent zone control 
of pressure and relief 
allows for all building 
configurations

Smoke Ventilation – Intent to Design



21 3
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Smoke ventilation key concepts
- Conceptual office building <30m in total height

PDS

• Sizing based on code, associated 
research and analysis.

MSVS

• Sizing based partly on code but requires 
CFD – noting that CFD only answers a 
question and can’t design the system.

Natural System

• Sizing based on code and associated 
research.

FF Lift

FF Stair

FF Lobby

Stair Door

Refuge

FF Lift

FF Stair

FF Lobby

Smoke Ventilation – Intent to Design

Ground level door(s) or 
vent to be 
automatically opened.

1.5m² free area smoke 
control shaft, with 1m² 
free area smoke control 
damper.

1m² free area 
HoS AOV.

Nominally 0.8-1m² free area smoke control shaft/ 
duct (0.6m² minimum), with 0.6m min 
width/depth. ~0.6-1m² free area smoke control 
damper.

0.6m² free area 
HoS AOV and 
low level inlet.

Refuge

Protecte
dFF Lift

Protected 
FF Stair Protected 

FF Lobby

Nominally 0.5-0.6m² free area smoke control 
shaft/ duct, with 0.5m min width/depth. ~0.6m² 
free area smoke control damper.

Supply entry point 
~1m² free area 
(single HoS or low 
level or mid point 
only).

Single supply entry point 
at high or low level.

Notes: 

- Shafts/ duct where air is mechanical (fan) driven should aim to limit flow rates to 8-10m/s, in natural shafts this is limited to 2-3m/s.

- Dampers/ inlets should be sized to prevent excess flow around persons/ equipment i.e. <5m/s stair/ lobby supply, <3m/s lift supply and <5-8m/s exhaust. 
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Smoke ventilation key concepts

Realities of concept into workable solutions 

Translating to real building layouts

Smoke Ventilation – Intent to Design



• Building Effects• Building Geometry
• Stair design (particularly for Natural systems and 

MSVSs, but also single inlet PDSs)
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Realities of concept into workable solutions 
 

AOV

For a ~10 storey building equivalent stairwell free areas should 
be ~2.4m² or higher, including the stair width, eye width, 
balustrade density and floor to floor heights (~2.8-3.5m).

Stairwell eye 
0.2m - 0.4m 
wide

Porous 
balustrade ~50% 
open area

Low resistance 
vents

Consider door swing v’s intent 
and system control – door swing 
in direction of egress and against 
system flow require pressure 
differential control mechanism.

Smoke Ventilation – Intent to Design



• Building Effects• Building Geometry
• Stair design (particularly for Natural systems and 

MSVSs, but also single inlet PDSs)

• Lobby design and smoke control damper install

Smoke Ventilation – Intent to Design 40

Realities of concept into workable solutions 
 

AO
V

Equivalent free 
areas ~2.4m² or 
higher.

Min.

Damper free 
area mid point 
above door for 
ventilation

As a minimum the top of 
damper opening should 
align with door openings

Top of damper opening <100mm from ceiling

Damper free area 
mid point above 
door mid point for 
any ventilation 
based system.Stair/ lobby door 

where smoke 
flow is to be 
limited or 
prevented.



• Building Effects• Building Geometry
• Stair design (particularly for Natural systems and 

MSVSs, but also single inlet PDSs)

• Lobby design and smoke control damper install

• Smoke shaft v’s duct
• Concrete & Blockwork are accepted. 

• BS EN 1366-8:2004 smoke extraction ducts are the 
compliant solution (nominally steel or reinforced 
gypsum.)
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Realities of concept into workable solutions 
 

AO
V

Equivalent free 
areas ~2.4m² or 
higher.

Active area of the dampers 
should be in the smoke layer 
for ventilation based 
systems.Min.

Smoke Ventilation – Intent to Design



• Building Effects
• Thermal conditions (Stack effect)

• Building Geometry
• Stair design (particularly for Natural systems and 

MSVSs, but also single inlet PDSs)

• Lobby design and smoke control damper install

• Smoke shaft v’s duct
• Concrete & Blockwork are accepted. 

• BS EN 1366-8:2004 smoke extraction ducts are the 
compliant solution (nominally steel or reinforced 
gypsum.)
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Realities of concept into workable solutions 
 

AO
V

Equivalent free 
areas ~2.4m² or 
higher.

Active area of the dampers 
should be in the smoke layer 
for ventilation based 
systems.Min.

Smoke Ventilation – Intent to Design

Stack effect is driven by Building Height and Interior-Exterior Temperature Difference

Theoretical Stack Effect Distributions through:

• Stack Effect will be Present in All Vertical Shafts in All Buildings where there is an 
Internal-External Temperature Difference. Hence, stack effect should be considered    
in all buildings, but particularly where naturally ventilated shafts are utilised – A 
combination of options may be required in buildings over 60m in height.

• Detailed Analysis can be Conducted in Support of Physical System Tests – as a guide,    
a 50m Tall Building with a Temperature Difference of 10-20°C (e.g. Interior = 21°C, 
Exterior 1-11°C) could Experience a Stack Effect Driving Force of 20-45 Pa

- +

Height 
of 
Building

-

Pressure Differential (Interior-Exterior)

+

A Sealed Building / with 
Distributed Openings

Building with Large 
Opening to the 
Roof

- +

Building with Large 
Opening to Ground



• Building Effects
• Thermal conditions (Stack effect)

• Wind conditions (Pressures & Smoke Re-entrainment)

• Building Geometry
• Stair design (particularly for Natural systems and 

MSVSs, but also single inlet PDSs)

• Lobby design and smoke control damper install

• Smoke shaft v’s duct
• Concrete & Blockwork are accepted. 

• BS EN 1366-8:2004 smoke extraction ducts are the 
compliant solution (nominally steel or reinforced 
gypsum.)

43

Realities of concept into workable solutions 
 

AO
V

Equivalent free 
areas ~2.4m² or 
higher.

Active area of the dampers 
should be in the smoke layer 
for ventilation based 
systems.Min.

Smoke Ventilation – Intent to Design

- +

Height of 
Building

-

Pressure Differential (Interior-Exterior)

+

Distributed 
Openings

Large 
Opening to 
the Roof

- +

Large 
Opening to 
Ground

Theoretical Distribution of Wind with Height / Across a Building:

• Important to Consider Relative Positioning of Openings (Doors/ Vents). 

• Analysis can be Conducted in Support of Physical System Tests.

Wind 
Flow with 
height

- - - - - - -- - - - - - -

- 
 
- 
- 
- 
 
-  
- 
-
 
-

+ + 
+ + 
 + +
+ +
 + +
   +
    +

Wind Pressure 
Across Building 
Envelope

+ 

+

Distribution of inlet 
v’s exhaust



• Building Effects
• Thermal conditions (Stack effect)

• Wind conditions (Pressures & Smoke Re-entrainment)

• People
• Space limitations/ requirements in stairs and lobbies.

• Refuge are positioning and conditions.

• Part M door closer limitations.

• Firefighter access, including riser access.

• Building Geometry
• Stair design (particularly for Natural systems and 

MSVSs, but also single inlet PDSs)

• Lobby design and smoke control damper install

• Smoke shaft v’s duct
• Concrete & Blockwork are accepted. 

• BS EN 1366-8:2004 smoke extraction ducts are the 
compliant solution (nominally steel or reinforced 
gypsum.)
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Realities of concept into workable solutions 
 

AO
V

Equivalent free 
areas ~2.4m² or 
higher.

Active area of the dampers 
should be in the smoke layer 
for ventilation based 
systems.Min.

Smoke Ventilation – Intent to Design

- +

Height of 
Building

-

Pressure Differential (Interior-Exterior)

+

Distributed 
Openings

Large 
Opening to 
the Roof

- +

Large 
Opening to 
Ground

Wind 
Flow with 
height

- - - - - - -- - - - - - -

- 
 
- 
- 
- 
 

+ 
+ 
+ 
+ 
 + 
+
+ 
+
 

Wind 
Pressure 
Across 
Building 
Envelope

+ 

Distribution of inlet 
v’s exhaust
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Smoke ventilation key concepts

Realities of concept into workable solutions 

Translating to real building layouts

Smoke Ventilation – Intent to Design



Smoke Ventilation – Intent to Design 46

Translating to real building layouts
- Installation drawings for office building <30m in total height

Notes: 

- Although both the stair and exhaust AOVs are expected to exhaust smoke, these are uncontrolled vents and should be positioned to prevent smoke re-
entrainment between shafts.



Smoke Ventilation – Intent to Design 47

Translating to real building layouts
- Installation drawings for office building <30m in total height

Notes: 

- Positioning of the HoS AOV and exhaust should account for distancing (5m+ horizontal and 1m+ vertical recommended), wind direction and building design.

- The intent is for the HoS vent to act as an inlet, however this will be impacted by environmental conditions and have strong negative pressures pulling air 
from the stair – having a low level inlet helps provide air but does not remove the potential pressure issues.



Smoke Ventilation – Intent to Design 48

Translating to real building layouts
- Installation drawings for office building <30m in total height

Notes: 

- Positioning of the supply and relief  should account for distancing (5m+ horizontal and 1m+ vertical recommended between supply and relief), 

- Environmental conditions should be considered for the selection of an appropriate kit e.g. with/ without pressure control hot gas damper.



Smoke Ventilation – Intent to Design 49

Installation examples for:

• Residential building <30m,

• Office and Residential buildings 30-60m

• Office and Residential buildings 60-100m

• Buildings over 100m? Custom designs based on location?

Collaboration and Coordination with Architecture, Mechanical, Fire, Services.

This needs to be driven from early stages through to final design, installation and commissioning.

From intent to design to installation and commissioning systems must be understood and reviewed

Translating to real building layouts



Questions?



Smoke Control Shafts:
The Hidden Design Risk in Early-Stage Design

SMOKE CONTROL SHAFTS:
THE HIDDEN DESIGN RISK IN EARLY-STAGE

DESIGN



Smoke Control Shafts

Why smoke shafts are causing late-stage project risk

WHY SMOKE SHAFTS ARE 
CAUSING LATE-STAGE PROJECT
RISK

 Smoke shaft design is often deferred 

or assumed

 Increasing scrutiny (BSA, GW2, 

documentation)

Result:

late design changes→delays→cost



Regulation has raised the bar

REGULATION HAS RAISED THE
BAR

Greater focus on tested, evidenced solutions

Smoke Control Shafts

BS 9991:2024

F.5.1

F.5.1.1

F.5.1.2

Smoke shafts

General

Any smoke shaft that penetrates afire compartment should have at least the same level of fire compartmentation as that 

which has been breached.

Construction

Smoke control shafts should be constructed from class A1materials.

NOTE It can be desirable to fully render brick or blockwork shafts, or to line brick, blockwork or flexible wall construction shafts with aDW144 steel duct.

All shafts/ducts should leak not more than 3.8 m3/h/m2 of the surface area of the shaft/duct at 50 Pa negative pressure, 

and should be smooth and flush internally.

If smoke control ducting is used as an alternative to asmoke control shaft, it should conform to BS EN 1366-8.



There isn't one solution – there are five

THERE ISN'T ONESOLUTION –
THERE ARE FIVE

Smoke Control Shafts

Flexible Wall Blockwork/Concrete Prefab Panels Metal Duct

Compliance

Inherent 

construction 

compliance

Effort needed 

to evidence 

overall

compliance

Smoke Control Shaft Construction

Boarded Duct



Each option drives different building constraints

EACH OPTION DRIVES DIFFERENT 
BUILDING CONSTRAINTS

Smoke Control Shafts

Solution Spaceimpact Buildability Programme

r i sk

Concrete Medium Excellent High

Metalduct High ? Complex

install

Medium

Prefab panel Low Excellent Low

Boardedduct Low/medi

um

? Complex

install
Medium



The space problem nobody spots early enough

THE SPACEPROBLEM NOBODY SPOTS
EARLY ENOUGH

Smoke Control Shafts

Concrete: Metal duct: Boarded duct:

Concrete 

Duct size



Design insight vs. site reality

DESIGN INSIGHT VS.

SITE REALITY

Smoke Control Shafts

Blockwork/concrete:

 Hard to achievetolerances

 Requires sealing / testing

Boarded duct:

 Moisture / H&S risk

Metal duct:

 New trades required

 Difficult installation

Prefab panel:

 Compliance risk



What happens when this isn't considered early?

WHAT HAPPENS WHEN THIS 
ISN'T CONSIDERED EARLY?

Smoke Control Shafts

 Re-design of shaft geometry

 Re-submission atGateway2

 Delays to programme

 Clash with:

 Structure

 Services

 Escape strategy



How to eliminate the risk: 3-step approach

HOW TO ELIMINATE THE RISK:
3-STEP APPROACH

Smoke Control Shafts

Engage early 

(stage 2/3)

Align shaft

strategy with full 

system (not in 

isolation)

Select solution 

based on risk 

appetite and
constraints

Step 1: Step 2: Step 3:



Early engagement vs. late decisions

EARLY ENGAGEMENT VS.
LATE DECISIONS

Smoke Control Shafts

Implications of late design decisions:

Redesign required

Programme delays

Cost uplift

Increased compliance risk



Make the shaft decision early

MAKETHE SHAFT DECISION
EARLY

Smoke Control Shafts

 Different shaft types =different risks

 Space +buildability must beconsidered together

 Early decisions reduce:

 Cost

 Programme risk

 Compliance uncertainty

Main implication: The smoke control damper 

specified determines the shaft possibilities.



Thank you.

THANK YOU.

Get in touch:

hello@sertus.uk |01483 269999 |sertus.uk
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