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The fourth floor Heat in well-ventilated Firefighters were

able to make their
The majority of floors in Grenfell Tower - areas would have been way via the central

have six flats. Four with two bedrooms stairway, all the way
and two with one bedroom 1o the 20th floor

on Radiation

—

Conduction

—

s N

The fire is believed to have
been caused by a faulty
fridge. The fire quickly
spread through the
kitchen window
fo the cladding

"x"‘hen""" "R
room s Fat 16

North East corner of I”'

Nenl‘all Tower

European Classifications

R = Resistance to collapse
In more enclosed spaces

like rooms, temperatures
would have reached 600C -

800C - ' E = IntEgrity —resistance to fire
penetration

| = Insulation — resistance to transfer of
excessive heat



A firefighting practice drill in a 10 storey social housing block

A team of firemen in a bridgehead A firefighting hose roll on the 900mm The fully charged hose ready to be
location (internal at Grenfell) taken up the stair to fire floor

rai T

on going in ONE staircase

It is impossible to carry out any evacuation whilst fire-fighting is

E T




Stairwell

Protection
Teams
R.I.C.E

A Collection of Papers 2020 by
Paul Grimwood PhD, FIFireE
Kent Fire and Rescue Service

Kent FRS 150mm Rising
Mains in New Single Stair
Residential Buildings

Kent Fire and Rescue Service have
hydraulically calculated and flow
tested the new 150mm twin outlet
rising fire mains. These have
demonstrated a single 750 L/min jet
or two jets of 650 L/min each at 50
metres high are achievable using
51mm hose.

Stairwell protection teams in high-rise fires

Leaving the stairs unprotected and failing to search the stairs early on will inevitably lead to failure and life loss

‘We were about to

enter the apartment

with a hose-line on

the fourteenth floor
when the windows
failed and the wind

blew in, forcing the

fire directly at usand | =
into the stair behind #‘
us. The BA Entry

’
- Control board a floor i

below us in the stair
melted to a blob.
There were injuries
.... There were burns
.... The stair door was
still open on the hose ";i
and heavy smoke F,
was heading =
upwards’.

»

ik T

Author’s experience
London 1990
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HOSE keeps Search Sector
door open

HOSE on Fire Sector
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Yt e :::tc:::f | Twin breaching dry riser in protected lobby
mostimportant i NOT stair
room in a fire | — e —
building is the - Diagram 52 Components of a firefighting shaft

stairwell! He is right. FESsR
Stairwell protection a Any buikding b. Shafts serving flats

B A T

is a critical strategy
"in a successful oy Fife main outet Fire main outlet |
: firefighting \\\\\\\\\-\\\\\\\\\\\%
eration, in an - -
occupied building : Y, N
involved in fire. ‘\\\ o 7 ~ N
AVOid hoses On the Stairs aS trip {_\‘I Firefighting stairs \ "_ff‘ \ Firefighting stairs §
N\ /
hazard & doors propped N e N
\eil NSRS 8\
Firefighting \ \ Firefighting
N lft in § lft in
\ lift shaft Q lift shaft \
N N N

Evacuation whilst firefighting ongoing!






Roles of ‘Stairway
Protection Teams’

e Patrol stairwells continuously from
top-to-bottom to ensure that egress
routes are safe and free of
obstructions; monitor gas levels

e Search floars, stairwells, hallways,
and lifts for building occupants who
may be trapped or are entering an
untenable environment

* Report information about conditions
at each floor to the incident
commander.

e Ensure the stairs are clear of smoke
s Deploy to FSG calls where required

* Manage occupant evacuation where
required

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

24 <t Stairwell Protection Team 1

23
22
21
20
19 e Stairwell Protection Team 2
18
17
16
15
Ig - Stairwell Pt ion Team 3
12

1" (— Fire Floor

Bridgehead

D=NWAENON®O

m m 1 External Observer m m




Architects should make it their highest priority to design the pressurization system with its intake at
the lowest possible level, ideally at ground or basement low level input.
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neg Fucon
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Pressurization =t —
=
fan set -+
Dection Lawtpate Buldvs Warare Dovesene Vesrce Vartoerhny
g
Chimneys / atria with vents at top and bottom
Figure 3 — Simplified diagram with pressurization fan located (Image frem Sun, Wind, and Light, by G.Z. Brown and Mark
at ground or basement level DeKay, published by Wiley)

Figure D.2  Louvred ventilators installed in the vertical g
3
a
T
1 4
-— >
( z
3
2 g - s
a) Problems — .
BSI Standards Publication
V 2 Components for smoke
control systems
Part 8: Code of practice for
b) Sol i : g §
o Key“ utions planning, design, installation,
E 1 Wind direction 5 Vents on windward side remain closed commissioning and maintenance
@ 2 Flow 6 Wind
E 3 Wind direction detection device 7  Baffle (top of baffle level with top of ventilator)
« 4 Vents on leeward side open 8  Baffle to be at a distance from face of ventilator equal to height of
3 ventilator
H




Behind the NHS Logo .

PSRN No such thing as “general
needs” housing

Housing Block
is effectively
a Care Home!




Is this an
adequate
landing

Can we make
further
improvements?

Fire Fighters
ascending?

These design criteria need
further validation or




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

4) be able to be entered, used and exited safely, easily and with
dignity for all The London Plan

Publication London Plan
be designed to incorporate safe and dignified emergency December 2020

evacuation for all building users. In all developments where lifts The Spatial Development Strategy
are installed, as a minimum at least one lift per core (or more IerGreaterLondon

subject to capacity assessments) should be a suitably sized fire
evacuation lift suitable to be used to evacuate people who

reguire level access from the building.

(&)}

C Design and Access Statements, submitted as part of development
proposals, should include an inclusive design statement.

All agreed by the Secretary of State

29 January 2021
What about the ADBs?




ENGINEERING JUDGMENT / FIRESTOP DETAIL
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Total Volume.

APART-LBOX-01
(CON-DOOR-LBOX-AD1
(CON-DOOR-LBOX-A02
(COM-DOOR LBOX-B01
COM-DOOR-LBOX-B02-1
COM-DOOR-LBOX-802-2
CON-DOOR-LBOX-C1
COM-DOOR-LBOX-C1-2
COM-DOOR-LBOX-C2-1
COM-DOORLBOX-C2-2
COM-DOOR-LBOX-E1
RISER-SHAFT-LBOX-A1
RISER-SHAFT-LBOX-A2
RISER-SHAFT-LBOX-A3
RISER-SHAFT-LBOXB1
RISER-SHAFT-LBOX83-1
RISER-SHAFT-LBOX-63-2
RISER-SHAFT-LBOX-B4
RISER-SHAFT-LBOX-C2
RISER-SHAFT-LBOX-C3
RISER-SHAFT-LBOX-E1
RISER-SHAFT-LBOX-E2
RISER-SHAFT-LBOX-E3

834714
01764
02016
02349

0,207
0,134
05445
0,0891

0,396
00891

033
0,1281

011445

00024
0,081
0,216

00162
0462

0.0003

0,0609

0,16065
0,188

0,16875

[Total

Bill Of Materials
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Firestopping Overview

: Coordination
Passwﬂ ire Knowledge Group
RIBA Stage 2 & Gateway 1 T

RIBA Stage 5 & Gateway 2-3
© Construction & recording

D Denates 60-minute fire resistance

[[] Denotes 90-minute fire resistance

4

D Denates 120-minute fire resistance

Technical

Example fire strategy drawing showing compartmentation layout Design

RIBA ACAOEMY B




A Guide to Managing

Safety-Critical
Elements

in Building Construction

~ It’s not just Fire




Fire Strategy

17.2 Design proposals with appropriate code compliant legislation/storyboard
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EXISTING HRRB'S IN OCCUPATION

Typical Single Staircase & Related Legislation
CENTRAL CORE BLOCK (ag Granfell Tmr] LINEAR SLAB BLOCK (eg Lakanal House)

CURRENT Flra Eaglrasdng| APFROVED DOCUMENT 8

2015

BS9991

[ —

Fig 6b Dwellings With Lobby Access Flgencomrnon Eamemmm&lndssurﬁugawﬂhﬂatamnm
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INTERIM Fire Engineering

(1) Staircase

+ Enhanced Core

| A 41 o

Thee Buiding Regulamions 2000

Fire safety

2019 edition incorporating 2020 and 1062
amendments — for e in England

RIBA #

Architecture.com
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CURAENT HRAR'S UNDER FUTLIAE HRRE'S 0 AF OESIGRED

s L e EXISTING HRRBS IN OCCUPATION

E ol | = Provides Typical Single Staircase & related Legislation
i g — E i Central Core Block (e.g. Grenfell Tower)

: 3 Storyboard of non-compliance:-

- (=] A Current Core (eg Grenfell Tower)

. Grenfell & Lakanal, tower and
slab block types
Suggested suitable revisions to:-
% . Current regulations
= . Approved Documents
| British Standards
L= . Fire Engineering possibilities
L5 EXISTING HRRBS IN OCCUPATION
Proposals for:- Typical Single Staircase & related Legislation
. Linear Slab Block (e.g. Lakanal House)
. Remedial works

CURRENT Fha Englresdsg] APFROVED DOCUMERT 8

e e e A b | e s e o

350312015

CORE PRINCIPLES

INTERIM Flis Enghaarig

RIS ASSESGED FUTURE | ADS Vol2, BS9503 & 558051

g B Proposed Core (eg Grenfell Tower)
i ) ° C u r re nt d e S i g n C h a n ge S @ Enhanced F'rotect;d FF “L:t:: Access Dwellings §§
. Future mandatory design § iz Z
Criteria & } e
RIBA Recommendations for:- x -
(&) =

* Hybrid “Rules and Risk Based”

ons to be clari

et s 1| G e v, S e e e

= e " .. _regulati

e d Proposed Improvements to Grenfell Tower Type
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PROPOSED / FUTURE BUILDINGS
Core 'B’

Alternative 2 Stair Location A or B with alternative Routes available

NORMATIVE TOWER DESIGN

Proposed Wet Riser
at 30m not 50m

GRENFELL
67m

Additional Layers of Safety

Full fire fighting shafts and
refuges

2nd FF lift {if multiple - disbled P

2nd staircase added.
Altemative escape route

Sprinklers requiredat 18m/11m

Stay put policy only until fails

Delayed total evacuation
system

Intercom to all flats, refuges
and lifts

Natural smoke ventilation to
2nd stair

Fire contral room essential

100% proven compartmentation
and documentation required

Fire management /
BSM Manager

All ACMs eftc removed from
exterior

Travel distances acceptable

Min. 1200mm starcase

S NN EEEE




No Code Limit
United Kingdom, South Korea

o 80m Italy
p Grenfell Tower -
24 storeys
Open consultation
Sprinklers in care homes, removal of
. . . - 60m: Germany, Switzerland
national classes, and staircasesin ;
residential buildings
[~—— S4m China (18 storeys
R S0m France
From: Department for Levelling Up, Housing and Communities
. [t i8m Sweden (16 storeys
Published 23 December 2022 ¥
- 45m Denmark
._‘ Get emails about this page
Applies to England
T 32m Austria
B 29m Isracl
= 28m Spain
Summal'y = 25m Belgium, Poland, Novway (8 storeys
5 i Australia, New Zealand
 p
We are seeking views to inform future updates to Approved Document ' i 5 $ N 21.5m Turkey
City of Seattle A - Gstoreys Kenya, Iran
Single Exits Code

This consultation closes at /£ fosoneys
11:45pm on 17 March 2023 £

Jap
m), UAE (15m

- 4storeys United States (1BC), Ireland

[ 3 storeys South Africa, Saudi Arabia

- 2 storeys - Canada

Notes the drawing assumes
foor to fleor height of 3m

Maximum Allowable Building Height with Single Egress
for Residential Occupancies




National Fire
Chiefs Councill The professional voice of the UK Fire & Rescue Service

Single Staircases Policy Position Statement

Government should adopt a requirement that new buildings 18 metres or has at least 7 storeys
and above in height must have more than one staircase.

Government should immediately clarify the intended scope of Approved Document B and
introduce clear and unambiguous definitions of ‘common building situations’'.

Government should immediately publish a clear deadline, and more detailed workplan, for the
completion of the full technical review of Approved Document B.

Government should adopt a requirement that all passenger lifts that are due to be replaced or
installed in new or existing tall buildings should be evacuation lifts.

Government should ensure that comments made by the FRS during building regulations
consultations cannot continue to be ignored by those receiving them, by introducing a duty to
respond to, any comments made by the FRS and to demonstrate how they have been
addressed.

Government should make it a requirement to retrofit sprinklers in all residential buildings over 18
metres or has at least 7 storeys, that are served by a single staircase.




The 2 Stairs Challenge

Stay Put with Single Stairs
Vv
Total Evacuation with 2 Stairs



EXISTING HRRBS IN OCCUPATION
Typical Single Staircase & related Legislation

Central Core Block (e.g. Grenfell Tower)

Current Core (eg Grenfell Tower)
Lobby Access to Dwellings

1
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EXISTING HRRBS IN OCCUPATION
Typical Single Staircase & related Legislation

Linear Slab Block (e.g. Lakanal House)

B Proposed Core (eg Grenfell Tower)
Enhanced Protected FF Lobby Access Dwellings

Few

Fire Fighting Lobbies:

Option A preferred

Refuge secured.

Option B less ideal e —
as the refuge is ] = [
compromised by an

open door.

Hose Fire
Proposed Improvements to Grenfell Tower Type




So called ‘Adequate’ means of escape principles? FAILED?

GRENFELL TOWER as June 14t 2017

~, R |
[]
'] NO
m . - ALTERNATIVES
@ @ | ONLY ONE
X2 no. 80mm hoses on stair up to fire flat |'| |_| E\Slﬁgklﬁgé?(N
bridgehead 2 floors below fire | l_l
[]
ETS l_l —- l_l
nonlXln
nnlxln
n oo (KN
nnl>td o
ml
3
Remediation of existing buildings -

&/or new build single stair upto’x?



‘Adequate’ means of escape principles?
Remediation of existing buildings &/or new build with single stair upto’??’ metres.

7.5mdeadend 7.5m dead end

roof refuge / & stay put?

== 1-2 hrs roof slab

= 1- 2 hrs floor slab every floor and sprinklers to all flats

'''''

x2 no. 80mm hoses on stair up to fire flat

— 1-2 hrs floor slab every floor and sprinklers to all flats =2

,,,,,

bridgehead 2 floors below fire

staircase 2
ALTERNATIVES

1. THE ROOF
2. REFUGE AT

== 1-2 hrs floor slab every floor ANOTHER
FLOOR




‘Adequate’ means of escape principles

ENHANCED SINGLE STAIRCASE BUILDING

A [ [ S [ R () Y A A [ [ [ I () — |

A [ [ S [ R () Y A A [ [ [ I () — |

Y Y Y Y Y Y Y Y Y Y Y

=

Remediation of existing buildings
&/or new build single stair upto’x?




‘Adequate’ means of escape principles

o LIl o oo oo bl
o LAl o non ool
o LIl o nonoonlbl>
n LAl oo ool
n LAl o oo ool
o LAl o oo ool
o LAl o non ool
o LIl o nonoonlbl>
n LAl oo ool
n LAl o oo ool
o LAl o non ool
n Lot nnoonanlbl)
1 [ s gl

Remediation of existing buildings
Blew hemcbidifstogee stair upto’x?



‘Adequate’ means of escape principles

TWO STAIRCASE BUILDING External Alternative
MOE stair with

up to 30m max. I
natural ventilation
& solar or day-
15m 15m lighting

> < >

Main FF stair
m

7.5

’ 4 — 2-4 hrs roof slab

2 -4 hrs floor slab every

5-10 floors

1 4 /43

=D
-

K o

x2 no. 80mm hoses on stair up to fire flat |_|
.%, .%, ) 2-4 hrs floor slab every

bridgehead 2 floors below fire
5-10 floors

2 -4 hrs floor slab every

5-10 floors

1 1 3 /3

I (R S [ [ [ A ) [ A [ A ) f—
I (R S [ [ [ A ) [ A [ A ) f—
I (R S [ [ [ A ) [ A [ A ) f—

I [ [ [ [ [ S ()

[

NN

H Y Y Y Y Y I Y Y Y

control room [- ]
|

.

Compartmentation

.u". '
B

New build for future

or sprinklers to all flats T'

'''''

b4

'''''

or sprinklers to all flats

3
ALTERNATIVES

1. THE ROOF
2. REFUGE AT
ANOTHER FLOOR
3.CORRIDOR TO

SECOND STAIR




RISK ASSESSED FUTURE

Fire Strategy Proposals

Alternative MOE Options

Additional stairs, OR enhanced core & lifts, and compartmentation.

EXISTING HRRBS IN OCCUPATION
Typical Single Staircase & related Legislation

Central Core Block (e.g. Grenfell Tower)

(2) Staircases (not very viable)
OR Enhanced Core + Sprinklers

As above

+ Sprinklers

and / or Second Staircase
+ Delayed Full Evacuatlon

RISK ASSESSED FUTURE

Fire Strategy Proposals

FUTURE HRRBS TO BE DESIGNED
Anticipating or Under New Future Regulatic

@ Staircases Nett to Gross Areas can be the same or
better than single staircase central core
due to increased travel distances

1200mm Stalr

No Dead Ends

As above
+ Second Stalrcase
+ Delayed Full Evacuatlon



CORE PRINCIPLES

Alternative MOE Options

Additional stairs, plus enhanced core & lifts, and compartmentation.

CURRENT HRRBS UNDER DESIGN/
CONSTRUCTION

Typical L Shaped Block

C Proposed Enhanced Core

L Shaped Block ¢ NoDoors
F Stair 1200mm ™\ I~ /

>
=

Proposed 'Exlsting Regs' L-Shaped

[ =]
No Doors :

RISK ASSESSED FUTURE

Fire Strategy Proposals

CURRENT HRRBS UNDER DESIGN/

CONSTRUCTION
Typical L Shaped Block

(2) Staircases
+ Enhanced Core

2 directions of travel
max, 60m

N/

Hose Real Length

Tolerable Dead End?

As above
+ Second Staircase
+ Delayed Full Evacuation

>

15m
Dead End
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