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15 Construction of the common lobbies — the
provisions made at Grenfell Tower to comply
with Building Regulations

15.1 Purpose of Section 15

15.1.1 In Phase 1, I have been instructed to provide a preliminary report identifying
the active and passive fire protection measures within Grenfell Tower on 14th

June 2017, including preliminary conclusions (where possible) as to the
extent to which they:

a) failed to control the spread of fire and smoke; and

b) contributed to the speed at which the fire spread.

15.1.2 I have explained in Section 14 the condition of the lobbies and the stairs
during the Grenfell Tower fire.

15.1.3 Before I explain how the lobbies and stairs failed to perform as they should
have done, which I do in Section 19 of this report, I first need to identify:

a) the fire protection measures that were available the night of the fire;

b) whether they operated as intended, or at all, on the night of the fire;
and

c) whether they complied with the requirements of the Building
Regulations (I will be clear where the requirements at the time of the
original building construction may differ from the current ADB 2013.

15.1.4 I have assessed compliance with the functional requirements of the Building
Regulations and the statutory guidance in ADB 2013. As my review covers
some original features of the building, where relevant I have assessed
compliance with the relevant design guidance at the time of construction, CP3
1971.

15.1.5 This Section 15 of my report is a summary of my opinions on the issues
above as they relate to the construction of the common lobbies. Section 16 of
my report presents the associated assessment of the construction of the single
protected stair.

15.1.6 I present the findings from my compliance assessment of the active and
passive fire protection measures in the residential lobbies on Levels 4 —23 in
Grenfell Tower.

15.1.7 More detailed analysis, including references to all evidence that I have relied
upon for the description of each system, can be found in a series of supporting
Appendices:

a) Appendix G: Compliance Assessment for means of warning and
escape Regulation B1
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b) Appendix H: Compliance Assessment for access and facilities for the
Fire and Rescue Services Regulation B5

c) Appendix I: Flat Entrance and Stair Fire Doors — requirements and
provisions

d) Appendix J: Smoke extract — requirements and provisions

e) Appendix K: Gas supply — fire safety requirements and provisions

15.1.8 In these appendices I have also included my compliance assessment of the fire
safety provisions of the lobbies on Levels Ground to 3 and within flats on all
levels. I do not refer to these any further in this Section 15.

15.1.9 It is important to note that fire safety provisions in the current statutory
guidance are not intended for a multi-storey all building fire - they are
intended for a localised fire event (i.e. a fire in one compartment). Please refer
to Section 3 and Section 15.2.12.

15.1.10 I have made clear my position on compliance in Section 3.5 of my main
report.

15.1.11 I have based my work on:

a) Documentary evidence disclosed to the Public Inquiry and provided to
me at this stage. I refer to the documents that are material to my
conclusions in the appropriate reference location within the text
presented here; and

b) My own observations made during my post fire inspections which
took place between 1st October and 9th of November 2017.

c) Publicly available guidance documents and standards related to fire
safety design and construction of buildings, and fire service
operations, that I have listed in Appendix B.

15.1.12 The performance of the fire safety features described within this Section
depends in part on fire safety management and maintenance within Grenfell
Tower. Following my post fire site inspection, I observed a number of
systems which either could not or did not operate as intended.

15.1.13 In the next stage of my work I will assess the evidence available to me
regarding the fire safety management and maintenance regimes within
Grenfell Tower for active and passive systems. These issues are not
addressed in detail here.

15.1.14 Following my own site observations and from the reviews presented in detail
in the five appendices listed above, I have considerable concern regarding the
provisions made in the lobbies of Grenfell Tower and in particular the state of
those provisions on the night of the fire. As I explain in detail below and in
the appendices, I have found multiple non-compliances with the relevant
regulatory guidance.
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15.2 Overview of legislation and guidance

15.2.1 In this section, I give an overview of the functional requirements of the
Building Regulations and the relevant parts of the statutory guidance in ADB
2013. I then deal with the requirements for specific fire protection measures
with respect to the construction of lobbies in more detail in sections 15.3-
15.9.

15.2.2 Section 16 of my Expert Report, then addresses the specific fire protection
measures required for stairs, and hence I will refer back to this description of
the requirements of the Building Regulations from Section 16 also.

15.2.3 Part B of Schedule 1 to the Building Regulations 2010, makes the following
requirements for means of escape and warning and access and facilities for
the fire service:

15.2.4 Requirement B1 -

"The building shall be designed and constructed so that there are
appropriate provisions for the early warning of fire, and appropriate
means of escape in case of fire from the building to a place of safety
outside the buildings capable of being safely and effectively used at all
material times."

15.2.5 Requirement B5 —

"(1) The building shall be designed and constructed so as to provide
reasonable facilities to assist firefighters in the protection of life.

(2) Reasonable provision shall be made within the site of the building to
enable fire appliances to gain access to the building."

15.2.6 Both the current guidance and the guidance at the time of construction of
Grenfell Tower assume that in the event of a fire, the building will have a
Stay Put strategy. This means that, generally, occupants of the building should
stay in their flats if it is safe to do so and only the occupants of the flat of
origin and those in the vicinity would be expected to evacuate.

15.2.7 CP3 1971 code of practice for fire safety in blocks of flats provides a helpful
explanation of the 3 stages of risk forming the basis of the Stay Put strategy
and the active and passive systems provided to support it in high rise blocks
of flats. (See Section 3)

15.2.8 These are:

a) Stage 1 —the risk to the occupants of the dwelling in which the fire
originates;

b) Stage 2 — and the risk to the occupants of the dwellings on the same floor
of the flat of fire origin, if smoke or fire should penetrate the common
corridor/lobby outside that flat

15-3 Ove Arup & Partners Ltd
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c) Stage 3 - the risk to the occupants of dwellings on floors above the floor
of outbreak, if smoke or fire should penetrate to the staircase or the escape
route from the foot of the staircase to open air.

15.2.9 The original protected lobby design in Grenfell Tower included a fire
resisting enclosure and a bespoke smoke ventilation system. The ventilation
system provided was a combined natural and mechanical smoke dispersal
system. CP3 1971 only includes guidance for a natural smoke dispersal
method of protection (natural ventilation system designed to exhaust and
dilute smoke). The CP3 1971 provisions for smoke dispersal are described in
Appendix J.

15.2.10 In this section, I present my assessment of the residential lobbies on Levels 4
- 23, which are relevant to CP3 1971 Stage 2 provisions shown in Figure
15.1.

PV
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AOV
or PV

Refuse chute
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1111111111E'!72
011111111111M

entrance
door to dweling

Lobby

IS mas.(spprOx SOft)
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6. Smoke dispersal

Pg. 16, Corrkfor access flats: single staircase tower block

1
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to ou Stde gall
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13 entrance
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Related clauses: 2.3.4 3.3.4
2.3.6 3.4
2.3.7 3.4.3
2.4.2 7.1.4
2.4.3 7.3.1
2.3 7.6.3

7.6.4

Figure 15.1: CP3 1971 Figure 16- Corridor access flats: single staircase tcmer block
- b. smoke dispersal (lobby marked in grey)

15.2.11 The current statutory guidance, ADB 2013, sets out the criteria for means of
escape in ADB 2013 Section Bl.v.b):

"where direct escape to a place of safety is not possible, it should be
possible to reach a place of relative safety, such as a protected stairway,
which is on a route to an exit, within a reasonable travel distance. In such
cases the means of escape will consist of two parts, the first being
unprotected in accommodation and circulation areas and the second in
protected stairways (and in some circumstances protected corridors)."
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15.2.12 ADB 2013 sets out guidance for the design of residential buildings based on
the following assumptions (ADB 2013 Sections Bl.iii, 2.3a, and 2.3d):

a) Fires do not normally start in two different places in a building at the
same time;

b) The fire is generally in a flat, and;

c) Combustible content in lobbies and stairs is limited.

15.2.13 ADB 2013 Section 2.20 requires a protected lobby where flats are served by a
single common stair. ADB 2013 defines a protected lobby as:

" ... lobby which is adequately protected from fire in adjoining
accommodation by fire-resisting construction."

15.2.14 ADB 2013 Section 17.2 requires that buildings over 18m have a firefighting
shaft containing firefighting lifts and a firefighting lobby. However, in
accordance with Section 17.14 of ADB 2013 "Variations for block of flats" a
separate firefighting lobby may be omitted from residential buildings (i.e.
using Diagram 52 (b) instead of (a) as a basis of design) if all of the
provisions from Section 3 and 9 of ADB 2013 have also been achieved, as
well as the smoke control provided as per note 2 on Diagram 52. Section
17.14 applies to Grenfell Tower therefore, in this section, I have checked the
compliance of the protected lobbies for Levels 4 —23 against Diagram 52b in
ADB 2013, which is specific to shafts serving flats (as shown in Figure 15.3
below).

15.2.15 In accordance with the principles in ADB 2013 and CP3 1971, lobbies fulfil a
dual purpose in that they:

a) Protect against smoke entering the stair to maintain safe means of
escape from the building and efficient firefighting access to the
building; and

b) Provide a safe working area for fire fighters to carry out firefighting
and search and rescue operations

15.2.16 Table 15.1 presents the guidance in ADB 2013 for provisions in high rise
residential buildings to protect occupants and fire fighters in the lobbies and
stair:

15-5 Ove Arup & Partners Ltd
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Table 15.1: ADB 2013 Provisions to protect lobbies

,
ADB 2013 Section(s) Provisions required at

Grenfell Tower
Purpose

1.38 The interface between the fire
detection system, and any other
system required for compliance
with the Building Regulations is
designed to achieve a high
degree of reliability.

This is relevant to the smoke
ventilation system in Grenfell
Tower. Please refer to Section
16 for a review of the protected
lobby smoke control system
serving the stair.

To maintain a high degree of
reliability of fire safety control
functions interlinkecl with the
fire detection and fire alarm
systems.

2.20

Diagram 7 (Figure 15.2)

Travel distance from every flat
entrance door to the protected
stair door is limited to 7.5m

ADB 2013 Bl.v b) states:

"Where direct escape to a place
of safety is not possible, it
should be possible to reach a
place of relative safety, such as
a protected stairway, which is
on a route to an exit, within a
reasonable travel distance."

ADB 2013 Bl.viii states:

"Even with protected horizontal
escape routes, the distance to a
,final exit or protected stairway
needs to be limited because the
structure does not give
protection indefinitely."

2.24

Table Al

Wall between each flat and the
con-idor should be a
compartment wall which meets
the fire performance
requirements of B5476-21 to 60
minutes (Loadbearing capacity,
Integrity, Insulation)

To provide a fire resisting
enclosure separating the
residential flats from the lobbies
to inhibit the spread of fire and
smoke.

Self-closing mechanisms on fire
doors ensures that the door is
closed after use. Smoke leakage
protection limits smoke spread
through gaps while the door is
closed.

5.6

Table B1

Each fire door in the
compartment walls separating
flats from the protected lobby
should meet the fire
performance requirements of
BS476-22 to 30 minutes
(Integrity).

Each fire door should be fitted
with a self-closing device.

Each door should have a leakage
rate not exceeding 3e/m/hour
(head and jambs only when
tested at 25 PA under BS 476-
Section 31.1)

2.25

2.26

The protected lobby should be
ventilated by natural smoke

Primary purpose of lobby and
stair smoke ventilation is to
protect the common stair — it is

15-6 Ove Arup & Partners Ltd
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ADB 2013 Section(s) Provisions required at
Grenfell Tower

Purpose

2.27 ventilation or mechanical
ventilation,

Please refer to Section 16 for a
review of the lobby and stair
smoke ventilation,

probable that some smoke will
get into the lobby from a fire in
a flat, if only because the
entrance door will be opened
when the occupants escape. This
offers additional protection to
that provided by the fire doors to
the stair.

Smoke ventilation also affords
some protection to the lobby.

Furthermore, ADB 2013 Section
17.1 states:

" ... the problems of reaching
the fire and working inside near
the fire, necessitate the
provision of additional facilities
to avoid delay and to provide a
sufficiently secure operating
base to allow effective action to
be taken.

These additional .facilities
include firefighting lifts,
firefighting stairs and
firefighting lobbies, which are
combined in a protected shaft
known as the firefighting shaft
(Diagram 52)."

2.36

Diagram 52 (Figure 15.3)

The stair should be situated
within a fire-resisting enclosure
which meets the fire
performance requirements of
BS476-21 to 120 minutes
(Loadbeafing capacity, Integrity,
Insulation)

Please refer to Section 16 for a
review of the stair enclosure for
the protected stair connecting
Levels 2 —23.

To provide a fire resisting
enclosure separating the
protected lobby from the
protected stair to inhibit the
spread of fire and smoke into the
protected stair.

Self-closing mechanisms on fire
doors ensures door is closed
after use. Smoke leakage
protection limits smoke spread
through gaps whilst the door is
closed.

5.6

Diagram 52 (Figure 15.3)

The fire door to the firefighting
stair should meet the fire
performance requirements of
BS476-22 to 60 minutes
(Integrity).

Each door should be fitted with
a self-closing device.

Each door should have a leakage
rate not exceeding 3m3/in/hour
(head and jambs only when
tested at 25 PA under BS 476-
Section 31.1)

Please refer to Section 16 for a
review of the fire doors to the
firefighting stair connecting
Levels 2— 23.

15-7 Ove Arup & Partners Ltd
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ADB 2013 Section(s) Provisions required at
Grenfell Tower

Purpose

,
5.26 All escape routes should have a

clear headroom of not less than
2m (except in doorframes).

Part Bl of the Building
Regulations requires:

"appropriate means of escape in
case offire from the building to
a place of safety outside the
building capable of being safely
and effectively used at all
material times."

ADB 2013 guidance is that a
minimum of 2m is required in
escape routes for them to be
capable of being used safely.

Doors are permitted to reduce
this height as they are a defined
obstacle, reducing the likelihood
that occupants will bang their
head.

5.27 The floorings of all escape
routes (including the treads of
steps and surfaces of ramps and
landings) should be chosen to
minimise their slipperiness when
wet.

To permit escape routes to be
"safely and effectively used at
all material times".

5.36 All escape routes should have
adequate artificial lighting that
illuminates if the main supply
fails.

To permit escape routes to be
"safely and effectively used at
all material times" if the main
power supply fails.

5.38 ADB 2013 Section 5.38 makes
the following recommendations
for critical electric circuits:

Consist of cable meeting at least
the requirements for PI-I 30
classification when tested in
accordance with BS EN
50200:2006;

Should be supported by non-
combustible materials;

Should follow a route that only
passes through parts of the
building with negligible fire risk

ADB 2013 Section 5.38 states:

"Where it is critical for
electrical circuits to be able to
continue to fraction during a
fire, protected circuits are
needed. The potential for
damage to cables forming
protected circuits should be
limited by the use of sufficiently
robust cables, careful selection
of cable routes and/or by the
provision qfphysical protection
in areas where cables may be
susceptible to damage. Methods
of cable support should
generally be non-combustible
and such that circuit integrity
will not be reduced below that
afforded by the cable."

5.55 Refuse chutes should not be
situated in a protected stair or
protected lobby and should be
separated from other parts of the
building by fire resisting
construction.

Refuse transport and storage
represents a specific fire risk
requiring them to be separated
from means of escape.

15-8 Ove Arup & Partners Ltd
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ADB 2013 Section(s) Provisions required at
Grenfell Tower

Purpose

5.56 Rooms containing refuse chutes,
or provided for the storage of
refuse, should be approached
either directly from the open air
or by way of a protected lobby
provided with not less than
0.2m2 of permanent ventilation.

Refuse transport and storage
represents a specific fire risk
requiring them to be separated
from means of escape.

15.2, 15.3

Diagram 52

Fire main outlet should be
provided in the protected stair.

Note that although the fire main
was required to be located in the
protected stair, it was provided
in the protected lobby in
Grenfell Tower.

Please refer to Section 15.8 for a
review of the fire main provided
in the protected lobby.

Fire mains are installed in a
building over 18m in height and
equipped with valves etc. so that
the fire and rescue service may
connect hoses for water to fight
fires inside the building, without
having to lay hose up the
staircase from Ground.

17.2 Firefighting lift should be
provided in the firefighting
shaft.

As described below, a
firefighting lobby is not required
for Levels 4 —23 of Grenfell
Tower because the firefighting
shaft serves flats only on those
levels.

Firefighting lifts are installed in
a building so that the fire and
rescue service may efficiently
access upper storeys of a
building over 18m in height to
facilitate firefighting operations
in an emergency situation.

17.14

Diagram 52

Buildings over 18m are required
to have a firefighting lobby,

However, this section permits
the omission of a firefighting
lobby between the stair and
protected lobby for means of
escape in a block of flats.

Therefore, in this section, I have
checked the compliance of the
protected lobbies for Levels 4 —
23 against Diagram 52b, which
is specific to shafts serving flats
(as shown in Figure 15.3 of my
report).

This section indicates that in a
block of flats, ADB 2013
assumes that the
compartmentation and smoke
ventilation in the building
required to protect means of
escape for residents protects the
common lobby sufficiently to
permit it to be used by the fire
service to approach a flat fire.
On that basis a separate specific

'firefighting lobby would not be
required.

Section 2 ADB 2013 does not provide
design guidance for provisions
for occupants that require
assistance to escape in
residential buildings.

Refer to BS 9991:2015 for
design guidance.

ADB 2013 Bl. v states:

"Some people, for example
those who use wheelchairs, may
not be able to use stairways
without assistance. For them
evacuation involving the use of
refuges on escape routes and
either assistance down (or up)
stairways or the use of suitable
lifts will be necessary."

15-9 Ove Arup & Partners Ltd
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Diagram 7 Flats served by one common stair

Sew par a 2 201:1, and 2 25

a. CORRIDOR ACCESS DWELLINGS

7.6in max. 7.5m max.

Note:
1. The arrangements shown also app ay to the

top storey
2. See Dtagram 9 for small single stay

buildings.
3. All doors shown are tire doors.
4. Where travel distance is measured to a stair

lobby. the lobby must not provide direct
access to any storage room, flat or other
space contain ng a potential fire hazard

Key
D Dwelling

Shaded area indicates Lose where
ventilation should be provided in
accordance wrth paragraph 2.26
lAn external wall vent or smoke shaft
ocated anywhere in the shaded areal

Figure 15.2: Approved Document B Diagram 7 for flats served by one common stair;
relevant requirements circled in red
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Diagram 52 Components of a firefighting shaft

'\(.\N"N n')"""N

•
, 30 minute

fire doors

1 1
60 minute fire doors

b. Shafts serving flats

3nding
I 't in

lift shaft

Fire main outlet

▪ Arlicanurn fire resistance 50 rhnutes from botn sides with 30 minute lire dOors

• Minimum fire resistance 120 minutes from accommodation side and 60 minutes from inside the shaft with

60 minute fire doors

Notes:
1. Outlets horn a fire main should be located in the firefighting lobby or. in the case of a shad sewing flats, in the

firefighting stairway (see Diagram b).
2. Smoke control should be provided in accordance with as 5588-5:2004 or, where the shaft only serves hats. Me provisions

for smoke control given at paragraph 2.25 may be followed instead.
3. A firefighting lift is required if the building has a floor mons than 18m above, or more than 10m below, fire service vohirin

access level.
4. This Diagram is only to illustrate the basic components and is not meant to represent the oNy acceptable layout. Ti

shah should be constructed generally in accordance with clauses 7 arid 801 BS 5588-5 2004.

Figure 15.3: ADB 2013 Diagram 52 — Diagram b (relevant guidance highlighted)
applies to blocks of flats.

15.3 Fire detection and alarm

15.3.1 ADB 2013 only requires fire detection and alarm systems within the flats for
the purpose of raising the alarm in that flat only. There are no provisions to
provide fire detection and alarm in the common escape routes, protected
lobbies and stairs.

15.3.2 In Grenfell Tower, there is smoke detection in the common areas to activate
the smoke ventilation system (Appendix J). This system interface is described
in Section 16. These detectors are not interfaced with an alarm, as there was
no fire alarm system for the common parts of Grenfell Tower.

15.3.3 The fire detection and fire alarm system in each flat of Grenfell Tower was
designed to activate upon detection of smoke or heat in that flat only. The fire
alarm systems were not interlinked between flats. This means that if an alarm
activated in one flat, no alarm would be raised in neighbouring flats.
Therefore, as there was also no fire alarm system in the common areas, there
was no means to sound a fire alarm in all areas of Grenfell Tower.

15-11 ate Arup & Partners Ltd
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15.3.4 Components of the fire detection and fire alarm systems in residential areas of
Grenfell Tower are shown in Figure 15.4 below. Refer to Appendix G for an
overview on the fire detection and fire alarm systems provided in the
residential flats in Grenfell Tower, and an assessment of their compliance
with ADB 2013 and CP3 1971.

a)

b)

Figure 15.4: Evidence of a) smoke detector in Flat 14 and b) mains connection in
Flat 13

15.3.5 As presented in Section 15.3.1, for residential buildings such as Grenfell
Tower, ADB 2013 does not recommend that fire alarm sounders are
automatically or manually operated throughout the building in the event of a
fire.

15.3.6 BS 5588-1:1990 provides useful insight to the reason why there are no
statutory requirements for a common fire alarm system in buildings with flats.
BS 5588-1:1990 states the following in Section 31.1:

15-12 Ove Arup & Partners Ltd
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"There is no statutory requirement for a common fire alarm system to be
provided in a building solely containing flats and/or maisonettes and, in
buildings designed and constructed in accordance with this code, it is
generally unnecessary and undesirable for afire alarm system to be
provided A common fire alarm system ought to be provided only in a
building in which some control can be achieved over the occupants so that
a pre-determined response leading to the evacuation of the building can be
triggered.

In flats and maisonettes in normal use this kind of response cannot be
achieved, nor is it necessarily desirable that evacuation should take place
from areas remote from the fire, unless these areas themselves become
threatened by fire."

15.3.7 Please refer to Section 18 of my report for an overview of emergency
communications at Grenfell Tower, as it is important to understand what
alternatives there are available for raising the alarm throughout the whole
building when no alarm sounders are provided within the building.

15.4 Travel distance

15.4.1 CP3 1971 and ADB 2013 allow flats to be served by a single common stair
where flats are separated from the stair by a protected lobby and where each
flat meets the travel distance limitations within the lobby.

15.4.2 As described in Table 15.1 above, the travel distance is limited through the
protected lobby to limit the potential exposure of occupants to fire and smoke.

15.4.3 For the protected lobby design strategy, ADB 2013 limits the travel distance
from each flat entrance door to the protected stair door to 7.5m, whereas CP3
1971 allowed this distance to be up to 15m. Therefore, the current statutory
guidance is more onerous than the design guidance applicable at the time of
construction. Refer to Figure 15.1 and Figure 15.2.

15.4.4 I measured the travel distances from each of the 6 residential flat entrance
doors on Level 4 (typical residential level) to the stair door during my site
inspection.

15.4.5 I have also measured the travel distances from each of the 6 residential flat
entrance doors to the stair door on a scaled off typical residential drawing for
Levels 4 —23. (SEA00010474)

15.4.6 In Grenfell Tower, the maximum distance a person was required to travel
from their flat entrance door to the stair door was 10.5m. This was from Flat
'4' on each Level 4 —23, as shown in Figure 15.5. This distance is compliant
with CP3 1971 (the standard in force at the time of construction). However, it
is of note that if the Tower had been built to current standards, it would not be
compliant with ADB 2013.

15.4.7 Persons from flats '5' or '6' would also need to travel more than 7.5m from
their flat entrance door to the stair door. Whilst compliant with CP3 1971,
this is non-compliant with the current statutory guidance, ADB 2013.
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15.4.8 In total, 60 residential flats out of a total of 120 on Levels 4-23 would not
comply with ADB 2013. However, they do all comply with CP3 1971.

15.4.9 The remaining 3 flats on each level have compliant travel distances in
accordance with both CP3 1971 and ADB 2013. Therefore, a total of 60
residential flats out of a total of 120 on Levels 4 —23 comply with both ADB
2013 and CP3 1971.
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Figure 15.5: Travel distances measured within common lobby on typical residential
level (SEA00010474)

15.4.10 The common lobbies in Grenfell Tower were provided with a smoke
ventilation system. The primary purpose of these systems is to protect the
stair against smoke ingress. However, such systems are acknowledged in CP3
1971 and ADB 2013 as affording some protection to occupants using the
lobby to escape, and therefore it is relevant to refer to them in this Section.
Please refer to the more detailed assessment provided in Section 16 and
Appendix J for further details.

15.4.11 Please find below my conclusions, replicated from Section 16.3.

15.4.12 The original smoke ventilation system was not compliant with the provisions
of CP3 1971 because:
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a) CP3 1971 required 'Cross ventilation in lobby with 1.5m2 of Automatic
Opening Vent (AOV) opening to outside on each side of the lobby
providing smoke dispersal from the common corridor (CP3 1971 Section
3.3.4.3)'

b) The original system at Grenfell Tower operated in two modes:

i. An automatic natural ventilation mode, operated on detection of
smoke in one of the lobbies; and

ii. A mechanical mode, available for operation by fire fighters.

c) In natural ventilation mode, the aggregate area of the smoke shafts on each
side of the lobby, which was 0.48m2, was significantly lower than the
equivalent area (referred to as "free area") required by CP3 1971 at each
end of the lobby which is 1.5m2.

d) CP3 1971 did not provide guidance on mechanical alternatives, so the
flowrate generated in the mechanical mode cannot be compared with the
provisions of CP3 1971

15.4.13 I have concluded that the mechanical smoke ventilation system provided in
the refurbishment 2012-2016 was a bespoke system which was an upgrade of
the original system (also a bespoke system) and did not meet the guidance
within ADB 2013, as follows:

a) The system described in PSB00000214 is not a natural system as described
by ADB 2013 Section 2.26.

b) The system described in PSB00000214 is not a pressurisation system as
described by ADB 2013 Section 2.27 and BS EN 12101-6:2005

c) Therefore, it is a bespoke ventilation system which was provided as an
upgrade to the original smoke control system and did not meet the
guidance in ADB 2013.

d) It is not clear in PSB00000214 how the adequacy of the bespoke system
was to be demonstrated.

e) The limited performance criteria that are set out in PSB00000214, refer to
the requirements of BS EN 12101 Part 6 which relates to the requirements
for pressurisation systems. However, the refurbished system is not a
pressurisation system as described by this standard.

15.4.14 Since the required performance criteria are not specifically defined, and as
currently described do not relate to the provisions of the statutory guidance, I
cannot confirm the bespoke system complies with the Building Regulations
(B1 and B5).

15.4.15 Please refer to Section 16 and Appendix J for further details of my
compliance review of the smoke control system. Please also refer to Sections
14 and 19 of my report, regarding the failure of the system to operate during
the fire.
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15.5 Lobby enclosure

15.5.1 The lobby enclosure construction (Figure 15.6) on Levels 4-23 was comprised
of:

a) Original concrete walls between the flats and the lobby;

b) Flat entrance fire doors;

c) Original concrete wall enclosing the lift shafts;

d) Original concrete walls between the lobby and the stair (which are
assessed as part of the stair construction in Section 16 of this report); and

e) Stair/lobby fire doors (which are assessed as part of the stair construction
in Section 16 of this report).

15.5.2 ADB 2013 makes specific requirements for the location and separation of the
refuse chute. I have presented these and their compliance in Section 15 and
Appendix G of my report.

—L

aC
4•4•11. Saki/ • RSIL

• I •

1 WO

LOW

•  ' •

f • • •JR, 

F
I- -raii'm

MAUI GAM IWO

Figure 15.6: Original design drawings, annotated with lobby enclosure components
(common lobby shown in yellow) (RBK00018856)

15.5.3 ADB 2013 summarises the internal firefighting provisions for high rise
buildings in Diagram 52 (Figure 15.3), which states the required fire
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resistance period of the stair and lift enclosure as 120 minutes (Item D and C
in Figure 15.6) and of the walls separating flats from the common lobby as 60
minutes (Item A in Figure 15.6).

15.5.4 Per the London Building (Constructional) Bylaws, applicable at the time of
construction, the elements of construction of Grenfell Tower were required to
be 60 minutes fire resistance and of non-combustible construction.

15.5.5 I have described the flat entrance door provisions in the following sections
and the stair door provisions in Section 16. A complete analysis of flat
entrance and stair door provisions is contained within Appendix I.

15.5.6 The walls between flats and the common lobby were shown in the design
drawings and measured on site to be 300mm concrete construction on lower
floors and narrowing slightly to 200mm on Levels 4-23 (Figure 15.7).

nor 91411111,6 10

• ;

I Flat entrance fire door
Original design drawings
indicating 200mm
thickness concrete walls

Common lobby

Line of lobby enclosure

LI FT SFWT

Flat interior

Figure 15.7 Original design drawings, annotated with details of lobby enclosure —
northeast comer of lobby (RBK00018856)

15.5.7 In accordance with Table 5.4 of Eurocode 2 (Design of concrete structures:
Part 1-2 general Rules — Structural fire design, BS EN 1992-1-2:2004), the
walls separating flats from the common lobby would achieve a fire resistance
rating of at least 120 minutes for integrity, insulation and loadbearing
capacity. Therefore, the wall construction would provide sufficient
performance for compliance with ADB 2013 diagram 52 (b).

15.5.8 Similarly, the original design drawings also show that the lift shaft enclosure
was constructed of 200mm concrete. It was not possible to verify this
dimension with an onsite measurement. However, regardless of the thickness
of the lift shaft enclosure, there is no evidence to suggest that the lift doors on
each storey achieved the FD60 rating from ADB 2013 as I explain in Section
15.8.1 of this report.
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15.5.9 Flat entrance doors 

15.5.10 The original construction of Grenfell Tower consisted of 120 flats on Levels
04-23 in Grenfell Tower, with each flat door location shown in Figure 15.8.

15.5.11 Of these original flats, 106 were occupied by tenants at the time of the fire
and the remaining 14 flats were occupied by leaseholders at the time of the
fire, as established from TM000837465.

15.5.12 An additional nine flats were added during the 2012 to 2016 refurbishment
works below Level 4.

15.5.13 In total, there were therefore 129 flat front entrance fire doors present in
Grenfell Tower on the night of the fire.
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Figure 15.8: Location of main flat entrance fire doors on Levels 4-23
(SEA00010474)

15.5.14 Flat entrance fire doors are an important element of the lobby enclosure: they
provide protection to the lobby acting as means of escape to occupants from a
fire in an adjacent flat. Their fire performance inhibits spread of fire and
smoke, self-closing mechanisms ensure that the door is closed after opening
and smoke seals around the door limit the spread of smoke from an affected
flat to the lobby when the door is closed.

15.5.15 According to ADB 2013 Table Bl, flat entrance fire doors should achieve 30
minutes fire resistance for integrity and restrict smoke leakage at ambient
temperatures.
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15.5.16 According to CP3 1971 Section 4.3.2.3, flat entrance fire doors should
achieve 20 minutes fire resistance for integrity and 30 minutes fire resistance
for stability.

15.5.17 In ADB 2013 and CP3 1971, fire doors were required to be installed with
self-closing devices.

15.5.18 I have reviewed the evidence disclosed to date, as described in Appendix I
and it appears that there were two types of main flat entrance fire doors
installed at the time of the fire on Level 04-23.

a) Masterdor Suredor door assembly to 106 flats on Levels 04 -23 (Figure
15.9) (MAS00000003)

b) An unknown door assembly on Levels 8, 9, 11 — 14, 17 — 23. I believe that
these doors are either the original flat entrance doors, or doors installed as
part of works undertaken during or shortly after 1985. There are no
images available of these doors as none survived the fire on 14th June
2017.

15.5.19 I have assessed the compliance of the flat entrance doors against the statutory
guidance applicable at the time of installation in Appendix I. This is
summarised in Table 15.2.

Table 15.2: Flat entrance door compliance (Levels 04 -23)

Level Number
of flats

Occupier

AL
Date of
installation

Fire
performance
required

Door type
installed

Compliance revie

i 
4-23 106 104 of the 106

were tenanted.

2 of the 106
were
leaseholder
flats (Flats 54
and 104)

2011 FD3Os

(30 mins'
integrity with
smoke seals)

Masterdor
Suredor

All 106 doors were not
installed in accordance
with the tested
arrangement therefore
non-compliant with
ADB 2013 and hence
the Building
Regulations

4-23 14 2 of the 14 1972 30 mins' Unknown The fourteen doors
were tenanted and/or stability 20 that were not replaced
flats (Flats 154
and 156)

12 of the 14
flats were
leaseholder
flats (Flats 56,
61, 86, 92,
105, 112, 142,
156, 165, 185,
195, 206)

1985 mins'
integrity

on Level 04-23 in
2011 were deemed to
be compliant in the
2016 FRA
(LFB00000066)

however, I have not
been provided with
any evidence that
demonstrated this and
I was unable to survey
the doors as all 14
were destroyed by the
fire.

15-19 Ove Arup & Partners Ltd

BLAR00000010_0021



REPORT OF

SPECIAUST FIELD
ON BEHALF OF:

DR BARBARA LANE

FIRE SAFETY ENGINEERING
GRENFELL TOWER INQUIRY

Figure 15.9 Flat 23 entrance door (Glazing in place)

15.5.20 My inspection team and I surveyed 8 main flat entrance fire doors on Levels
04 — 23 on 11th November 2017. Concealed door closers were observed on all
eight of the flat main doors surveyed (Appendix C). These were all
disconnected at the time of survey therefore the action of the self-closers
could not be verified. It is not known when the door closers were
disconnected or by whom.

15.5.21 In Appendix I, I have assessed the Masterdor Suredor door assembly as non-
compliant with the statutory guidance at the time of installation at the time of
installation therefore noncompliant with the Building Regulations.

15.5.22 Table 15.2 in Appendix I shows that out of the 129 flat front entrance doors in
place on the night of the fire, 106 of those comprised non-compliant
Masterdor Suredor door assemblies. Based on the current evidence available
to me, I have not been able to determine the compliance of the remaining 23
flat entrance doors.

15.5.23 In my opinion, there were multiple non-compliant fire doors installed on
every level between Levels 04 and 23. This means that the enclosure of the
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protected lobby on Levels 04-23 did not comply the either the statutory
guidance, or the functional requirement of the Building Regulations.

15.6 Provisions for occupants that require assistance to
escape

15.6.1 ADB 2013 makes no provisions for specific facilities for occupants that
require assistance to escape from residential areas. It only provides design
guidance for non-residential areas. Therefore, Levels 3 —23 of Grenfell
Tower, which were residential only, were not required to be provided with
provisions for occupants that require assistance to escape (i.e. refuges or
emergency voice communication) per ADB 2013.

15.6.2 However, in Approved Document B in the Introduction B.v does state:

"Note: Some people, for example those who use wheelchairs, may not be
able to use stairways without assistance. For them evacuation involving
the use of refuges on escape routes and either assistance down (or up)
stairways or the use of suitable lifts will be necesscffy."

15.6.3 Additionally, ADB 2013 section 5.39 states

"in some circumstances a may be provided as part of a management
plan for evacuating people... Where a firefighting lift has been provided to
satishi requirement B5, this can be utilised"

15.6.4 As I explain in the lift assessment of Section 15.9, the lifts installed in
Grenfell Tower were not firefighting lifts and therefore could not safely be
used for the evacuation of occupants requiring assistance to escape.

15.6.5 The 2016 FRA for Grenfell Tower states:

"Both of the lifts in this building are firefighter/evacuation lifts and could
be used as part of the evacuation strategy for disabled persons but if these
lifts were used this would be under the control of the fire service, if they
were in attendance. Before the fire service arrive at this building these lifts
could be used by the residents or perhaps TMO/RBKC staff"
(LFB00000066)

15.6.6 There is no evidence that the lifts in Grenfell Tower were ever designed or
installed as firefighter/evacuation lifts. Please refer to Section 15.9 for
additional information, and to Appendix H of this report for a full assessment
of the compliance of the lifts with the relevant guidance.

15.6.7 Additionally, the excerpt above from the 2016 FRA for Grenfell Tower notes
evacuation lifts would only be used "under the control of the fire service",
which means evacuation of disabled people relied on the intervention of LFB.
This is not in compliance with the guidance in BS 9991:2015, see below,
which states that evacuation plans should not rely on the assistance of the fire
and rescue service.
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15.6.8 No further guidance is provided for residential buildings and I include the
Approved Document B and Approved Document M in making this statement.

15.6.9 This is confirmed in section 16.12 of the LGA Guide Fire safely in purpose
built blocks of flats (May 2012):

"Although inclusive design is fundamental to new 'general needs' purpose-
built blocks, the Building Regulations do not stipulate additional fire safety
measures that must be provided as a consequence."

15.6.10 The only clear guidance I can find is in Section 70.11 of the LGA Guide
which deals with common means of escape and here it refers to the provision
of a refuge or a lift as follows:

'Many older and disabled residents will find it difficult to use stairs in the
event of afire, and additional measures may need to be considered These
could include temporary safe refuge areas or spaces within existing
protected lobbies and stairs. If lifts are provided where reasonably
practicable, consideration should be given to the provision of evacuation
lifts that residents may use in the event of afire."

15.6.11 However, section 79 of the LGA Guide deals with preparing for emergencies.
Sections 79.9 specifically states:

"In 'general needs' blocks of flats, it can equally be expected that a
resident's physical and mental ability will vary. It is usually unrealistic to
expect landlords and other responsible persons to plan for this or to have
in place special arrangements, such as personal emergency evacuation
plans'. Such plans rely on the presence of staff or others available to assist
the person to escape in afire."

15.6.12 Further it provides in 79.10:

"79.10 Even in sheltered housing schemes, there will be reliance
ultimately on rescue by the fire and rescue service in the event that
residents cannot escape by themselves. However, in sheltered housing
schemes, it is commonplace to hold information relating to any resident
with particular mobility or other issues affecting their ability to escape.

This can be made available to the fire and rescue service on arrival at the
premises (e.g. by keeping it in a 'premises information box', which can
only be unlocked by the fire and rescue service, at the main entrance)."

15.6.13 However, the LGA guide goes on to state:

"79.11 It is not realistic to expect such an approach to be adopted where
there are disabled people and others requiring assistance in a 'general
needs' block Any attempts to keep information of this kind must be
updated regularly as inaccurate information could potentially be more
harmful than no information."
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15.6.14 As I referred to earlier, there is non-statutory design guidance for high rise
blocks of flats in BS 9991:2015 which states:

"Providing an accessible means of escape should be an integral part qf
fire safety management in all residential buildings. Fire safety
management should take into account the full range of people who might
use the premises, paying particular attention to the needs of disabled
people.

NOTE 1 Ills the responsibility of the premises management to assess the
needs of all people to make a safe evacuation when formulating
evacuation plans."

An evacuation plan should not rely on the assistance of the fire and rescue
service. This is an important factor that should be taken into account in the
building design"

15.6.15 In the next stage of my work I intend to explore the provisions made by the
relevant parties to assess the needs of occupants that required assistance to
escape. I also intend to explore how this information was communicated both
to relevant residents, and to the fire service to support them in rescuing those
residents, and how this was implemented before the night of the fire.

15.6.16 However, at this stage the lack of provision for persons requiring assistance
during means of escape is of concern.

15.6.17 Evidence is required on the provisions made by the responsible persons for
Grenfell Tower.

15.6.18 Please refer to Appendix G, which presents my full compliance assessment of
the provisions for occupants that require assistance to escape within Grenfell
Tower.

15.7 General provisions for lobbies

15.7.1 In this section, I review the ADB 2013 Section 5 prpvisions on general
provisions and the relevant compliance of the stair and lobbies. In Section 16,
I have carried out a more detailed review of the provisions of the enclosed
stair serving Levels 3 —23.

15.7.2 Headroom 

15.7.3 During my site inspection, I measured the headroom in the lobbies on Levels
4 and 5 to be more than 2m. I am satisfied that these lobbies are representative
of the lobbies on Levels 4 — 23. In my opinion, the headroom on Levels 04-23
is compliant with ADB 2013 Section 5.26 and CP3 1971.

15.7.4 Flooring

15.7.5 ADB 2013 Section 5.27 requires the floorings of all escape routes to be
chosen to minimise their slipperiness when wet. On my site visit, I did not see
any evidence to suggest that the flooring in the lobbies would be slippery
when wet.
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15.7.6 Emergency lighting

15.7.7 To facilitate escape, CP3 1971 required adequate artificial light to be provided
in all stairs and in corridors forming part of escape routes.

15.7.8 To facilitate escape, ADB 2013 requires that all escape routes from a
residential building should have escape lighting which illuminates if the main
supply fails.

15.7.9 The relevant standard for emergency lighting systems referenced in ADB
2013 Section 5.36 is BS 5266-1:2005. This standard recommends that a 3-
hour duration emergency lighting system be installed in sleeping
accommodation.

15.7.10 During my site inspections, I observed evidence of escape lighting along the
escape routes within the lobbies on all levels of Grenfell Tower during my
site inspections (Figure 15.10).

Figure 15.10: Emergency escape lighting units present in Level 6 lobby

15.7.11 According to an inspection and servicing certificate (LAK00000007) dated 17
January 2017, there is evidence to suggest that the emergency escape lighting
was capable of providing illumination on a backup supply for the required
duration of 3 hours. The testing was undertaken for 3 hours and the document
notes that it was a 3-hour full duration testing accordance with the design
standard BS5266, as shown in an excerpt (Figure 15.11 below):
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Annual Duration Preventative Maintenance Tests (In accordance with B55266) '

Each luminaire and internally Illuminated sign tested as per the periodic tests but for its run Yes
duration (I.e. 3hrs):
• • •
The Supply has been restored and any indicator lamp or device checked to ensure normal
supply has been restored: YE.3

thpr.ging arrangements checked: Yes

Suffldent Lighting provided by Luminaires: Yes

Comments on results/AddiUonal checks carried out / Remedial works Required/ Variations to BS 5266

SanSee el the emergency lighting

Customer Signature;

Operative Signature:

Customer Name: No sionaluro

Arrival Time:

Departure Time: 11.00

Figure 15.11: Excerpt of Inspection & Servicing Certificate (LAK00000007)
showing 3-hour duration testing of emergency lighting.

15.7.12 There is no other evidence available to me, from design information or my
onsite inspection, of the specification or performance of the emergency
lighting on Levels 4 to 23.

15.7.13 I cannot therefore determine the compliance of the system with the code of
practice for emergency lighting referenced in ADB 2013 (BS5266-1) on
Levels 4-23. I will revisit this issue and update my analysis where necessary
when additional evidence is provided to me.

15.7.14 Protected circuits 

15.7.15 CP3 1971 requires the corridor and stair emergency lighting to each be
supplied by independent, dedicated protected circuits. It notes the circuits
should be restricted to routes of negligible fire risk. Furthermore:

"stairways should be illuminated by a circuit direct from the main
switchboard with switches on each landing capable of overriding the
automatic time control and switching the lighting on, but incapable of
switching the lighting off'.

15.7.16 ADB 2013 section 5.38 makes the following recommendations for critical
electric circuits:

a) Consist of cable meeting at least the requirements for PH 30 classification
when tested in accordance with BS EN 50200:2006;

b) Should be supported by non-combustible materials;
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c) Should follow a route that only passes through parts of the building with
negligible fire risk.

15.7.17 I have not been able to assess whether or not the protection of critical circuits
was in compliance with either CP3 1971 or ADB 2013 section 5.38 (either
through a document review or on site). An assessment of the electrical routing
and fire risk rooms has therefore not been undertaken (required for (c) above).

15.7.18 I will re visit this issue and update my analysis where necessary when
additional evidence is provided to me.

15.7.19 Refuse chutes 

15.7.20 CP3 1971 requires the enclosing structure of refuse chutes to be non-
combustible and to be separated from other parts of the building by 60 minute
fire-resisting construction.

15.7.21 ADB 2013 requires that the refuse chute should be separated from other parts
of the building by fire-resisting construction with a minimum of 60 minutes
fire resistance (integrity and insulation).

15.7.22 The Studio E as built drawings indicate that the refuse chute on a typical
residential level (see Figure 15.12 below) is separated from the other parts of
the building.

15.7.23 CP3 1971 required refuse chute enclosures to be ventilated to the open air.

15.7.24 ADB 2013 requires rooms containing refuse chutes to be approached by way
of a protected lobby with 0.2m2 of natural ventilation

15.7.25 During my site inspections, I observed that the refuse chute is approached by
a protected lobby on Levels 4— 23.

15.7.26 I also observed vents in the room containing the refuse chute on Level 5 — one
at low level and one at high level, as shown in

15.7.27 Figure 15.12.1 was not able to access the ventilation shaft to determine its
compliance with CP3 1971 and ADB 2013.
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Figure 15.12: Refuse chute on Level 5
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120 minute lire resistance
provided by original concrete
(see Section 21)
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Figure 15.13 Refuse chute on a typical residential level (adapted from 1279 (04) 105
issue 00 (SEA00010474) using fire resistance periods detennined in Appendix H of
this report)

15.7.28 ADB 2013 requires the doors to the refuse chute rooms on each floor to
achieve 30 minutes fire resistance (integrity) and have a leakage rate not
exceeding 3m3/m/hour (head and jambs only when tested at 25 PA under BS
476-Section 31.1.

15.7.29 CP3 1971 does not provide specific guidance for the refuse chute door.

15.7.30 I was unable to survey the refuse chute doors and no door construction or fire
test evidence has been made available to date, therefore compliance of the
refuse chute enclosure with Requirement B1 from the 2010 Building
Regulations cannot be assessed.

15.7.31 However, I noted from my visit to site that the refuse chute doors generally
showed less damage from smoke and fire than flat entrance doors and stair
doors.

15.8 Fire main

15.8.1 Due to the limited reach and availability of firefighting appliances to fight fire
externally at a high rise building, ADB 2013 requires that fire mains are
provided in all buildings more than 18m in height as part of the strategy for
internal firefighting.

15.8.2 Fire mains are permanent pipes installed within the common parts of blocks
of flats, as a means to provide firefighting water to each floor of the building.
The inlet to the main is situated on the exterior of the building, and there
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should be outlets on every floor through which the fire main passes. Outlets
should be situated within the stair so firefighters have access to the outlet and
water when leaving the protected enclosure of the stair.

15.8.3 A fire main can be either a:

a) Dry fire main, where the pipe is usually not filled with water and is only
'charged' or pressurised with water during firefighting operations. This is
achieved by the arriving fire appliance (a pump vehicle) connecting a
nearby external hydrant to the end of the pipe on the outside of the
building. The system is therefore dependent on the pressure and water flow
that can be generated by the fire service pump and the hydrant water
supply; or

b) Wet fire main, where the pipe is constantly kept pressurised with water
from pumps located within the building, which are designed to provide the
specific flow and pressure characteristics for the building height. Flow of
water is provided by large water tanks within the building that are kept full
at all times and refilled by town supply during their use.

15.8.4 For residential buildings, ADB 2013 requires the fire main to be situated
within the stair enclosure (Figure 15.3) with an outlet at every floor.
However, I observed on site that in Grenfell Tower, the dry fire main outlets
are located on the opposite side of the lobby to the stair on every floor, see
(Figure 15.14):
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Stair enclosure

  I- JTU 1L'JIL
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Figure 15.14: Dry fire main outlet observed location and distance from stair door on
typical floors (SEA00010474)
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15.8.5 CP3 1971 requires that the outlets be positioned within a "ventilated lobby',
where provided, or otherwise in a stairway entrance." on "each storey above
the first". The common lobby in Grenfell Tower was provided with a smoke
control system. While it was not compliant with the guidance in CP3 1971, as
outlined further in Appendix J, the common lobby was intended to be a
"ventilated lobby" as required by CP3 1971.

15.8.6 As described in Appendix H of this report, the method of measurement for the
purposes of determining what type of fire main was required, differed
between CP3 1971 and ADB 2013. My measurement of the height of Grenfell
Tower under each standard is presented in Table 15.3 and Figure 15.15
below.

Table 15.3: Assessment of both CP3 1971 and A DB 2013 height measurement
respect to fire mains

with

CP3 1971 ADB 2013

Wording for height
measurement

7.1.2: "Where any floor of a
building is higher than 60m
(approximately 200fi)
should be fitted with 'wet'
rising mains."

(Grenfell Tower — measure
to plant floor)

15.6: "Wet fire mains
should be provided in
buildings with a floor at
more than 50m above fire
and rescue service vehicle
access level."

Diagram C6: "Height of
top storey excludes rogf-top
plant areas and any top
storeys consisting
exclusively of plant rooms"

And

"Height of top storey
measured from upper floor
surface of top floor to
ground level on lowest side
of building"

(Greaten Tower — measure
to Level 23)

Height of Grenfell Tower
according to document
rules

65.5m 62.8m

Height above which these
documents require wet fire
mains

60m 50m

Fire main provisions Wet fire main Wet fire main
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15.8.7 At the time of construction, the height (as according to the wording of CP3
1971) 'of any floor' of the building was 65.5m above ground (the highest
floor is the plant room). The height to the topmost residential floor was
62.8m. Therefore, a wet rising main should have been installed.

15.8.8 Grenfell Tower was originally fitted with, and currently has, a dry main (see
Figure 15.17). I have seen no record of why this was deemed acceptable by
the original design team, or approved by building control at the time.

15.8.9 As I explained in Section 4 of my report, works to the dry fire main system
from Ground Level to Level 3 were carried out in the most recent
refurbishment 2012-2016:

a) A new inlet on the exterior of the building at Ground Level (Figure 15.16)
and pipework leading to the existing fire main pipework in the core.

b) New outlets on Levels 1-3 and associated pipework. There was not
previously a fire main outlet on these floors (which would be non-
compliant with the CP3 1971 provisions of providing an outlet on every
floor above the first).

15.8.10 The dry main inlet is located externally on the South elevation of the building,
shown in Figure 15.16 below:

Figure 15.16: Dry fire main inlet at Grenfell Tower
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Figure 15.17: Example fire main outlet on Level 1

15.8.11 In 2006 the criteria in ADB 2013 for rising mains provisions changed. The
minimum height at which a wet rising main was required reduced from 60m
to 50m above fire and rescue service vehicle access level. Additionally, the
water pressure required to be delivered at each landing valve in a wet rising
main system was increased from 4bar to 8bar.

15.8.12 The relevant design standard BS 9990:2006 states the reasons for taller
buildings requiring wet fire mains:

"wet fire mains should be installed owing to the pressures required to
provide adequate fire-fighting water supplies at the landing valves at
upper floors and also to ensure that water is immediately available at all
floor levels."

15.8.13 Therefore, to comply with ADB 2013 at the time of the refurbishment 2012-
2016, Grenfell Tower required a wet rising main system.

15.8.14 For every vertical metre the water is pumped up a building, the pressure
available reduces. A dry fire main is reliant on the fire service pumps and
external hydrants to provide adequate pressure and flow of water.

15.8.15 There is no minimum requirement for pressure available at the outlet of a dry
fire main, but a dry fire main can only be used up to a certain height of
building per the statutory guidance. Above this maximum height, the pipe is
not able to withstand the pressure required to deliver an adequate pressure at
the highest floors.
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15.8.16 The pumps and water supply of a wet fire main system are specifically
designed for the height of building in which it is installed. It is sized and
specified to provide the required flow of water (7501/s) and pressure of water
(8 bar) required at any of the fire main outlets for the fire service to conduct
firefighting operations using two charged hoses (as per the design standard,
BS 9990:2006).

15.8.17 To compare the performance of wet and dry fire main systems, I have
calculated (full details in Appendix H) whether the dry fire main in Grenfell
Tower could provide an equivalent flow rate (Us) and pressure of water (bar)
to the design requirements for a wet fire main system. In summary, I have
found that assuming two hoses operating in the building, one each at Levels
22 & 23, the pressure at the outlet would be 2.57bar. This is 32% of the
pressure required by ADB 2013 for a wet rising main (8 bar).

15.8.18 Similarly, to deliver the equivalent pressure to a wet fire main on the highest
floors, the pressure required at Ground Level would be 15.5bar. This is over
50% more than the maximum operating pressure that dry fire mains are
designed for (10 bar).

15.8.19 Therefore, the fire main provision in Grenfell Tower was not compliant with
the provisions of ADB 2013 or CP3 1971 as:

a) The fire main was located within the lobby and not the stair; and

b) a dry fire main was present instead of a wet fire main system. My
calculations in Appendix H demonstrate that the dry fire main system in
Grenfell Tower could not provide equivalent pressure and flow of water to
a wet fire main system.

15.9 Firefighting lift

15.9.1 As I have explained in Section 3 of this report, the tactics for firefighting in
high-rise buildings is to set up a staging area of the Bridgehead in a protected
lobby below the area affected by fire. A firefighting lift is a lift that would
operate normally for passengers in everyday use, but the statutory guidance
requires that further features and protections are fitted to facilitate firefighting
operations in an emergency situation. As I explain further in Appendix H, one
of the features of a firefighting is that it can be used to transport personnel and
equipment to the Bridgehead.

15.9.2 Therefore, I include a summary description of the lift installation in Grenfell
Tower as part of this description of the construction of the common lobbies.

15.9.3 The guidance at the time of the most recent 2012-2016 refurbishment, Section
17.2 of ADB 2013, requires a firefighting lift to be installed in tall residential
buildings.

15.9.4 ADB 2013 refers to Sections 7 & 8 of BS5588-5:2005, which in summary
requires the following features for a lift to be deemed a firefighting lift:
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a) The fire-fighting lift landing doors should be at least FD60 (60 minutes
fire resisting) fire doors;

b) Provision of an escape hatch — to facilitate the rescue of trapped
firefighters in the lift car;

c) A firefighter intercom system — for communication between the lift car
and machine room;

d) Water ingress protection to the installation and shaft — to prevent the
ongoing use of the lift for firefighting operations to be affected by
firefighting water;

e) Firefighting controls at Ground Level — so firefighters are able to assume
control of the lift car without interference once arriving at the building;

0 Primary and secondary electrical supplies with automatic changeover in
the event of primary supply failure — to provide robustness to the function
of the lift throughout firefighting operations;

g) A capacity of 630kg;

h) A minimum size of 1100mm x 1400mm; and

i) The lift should reach the furthest floor from fire service access level within
60s.

15.9.5 I have reviewed the relevant design information provided to me and my site
team inspected the lifts on site. The most recent lifts were installed in 2005
and works were undertaken to serve two more floors in the refurbishment
works in 2012-2016 (see Section 4 for a description of the works undertaken
on the lifts).

15.9.6 The electrical schematics do not show a secondary power supply provided to
the lift installation, however, they do indicate an exclusive primary supply.
(RYD00094162).

15.9.7 The lift specification document does not include any water ingress protection
measures (CST00000384).

15.9.8 According to design team correspondence, the lift cars were not provided with
escape hatches (CST00000552).

15.9.9 There was evidence in the lift specification document (CST00000384) for
some of the other design characteristics required for a firefighting lift:

a) Intercom system

b) Firefighting controls (see Section 15914 for discussion of interfacing
systems)

c) Capacity

d) Operating speed
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e) Size

15.9.10 There was no evidence that the lift doors provided 60 minutes fire resistance.

15.9.11 During my site inspection, I was not able to access the lift shaft or associated
plant rooms and so could not observe whether secondary power supplies,
water ingress protection measures or escape hatches were present, nor could I
confirm the presence of the other design characteristics listed, other than
firefighting controls.

15.9.12 I did observe a manual firefighter control switch at Ground Level as shown in
Figure 15.18. I also observed a switch in the Level 2 lobby as shown in Figure
15.19.

15.9.13 There is evidence from the 2016 fire risk assessment significant findings
(TM010017691) that the firefighter control switch was at Level 2 and that it
was required to be moved to Ground floor. I have seen no evidence as to
whether this work had been undertaken. Therefore, while a switch was
observed in the Ground floor lift lobby there is no evidence that it was
correctly connected or programmed to function as intended.

Figure 15.18: Firefighter control switch between lifts at Ground Level lobby
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40MM

Figure 15.19: Fire fighter control switch in Level 2 lobby

15.9.14 ADB 2013 section 1.38 is relevant to the interface between a building's fire
detection and fire alarm system and other systems. I assume the lifts were not
required to be interfaced with the detection system, as they were provided
with a manual override switch. I have requested further evidence on this
subject.

15.9.15 During my site inspections, I observed a manual firefighting switch in the
Ground Level lobby, as shown in Figure 15.18. The significant findings to the
2016 fire risk assessment by C Stokes (TM010017691) identifies that he
understood the lift not to be interfaced with the detection system provided to
activate the lobby A0Vs.

15.9.16 I have not found any evidence of automatic actuation of fire fighter control
for the lifts at this time. If automatic actuation of fire fighter control was
provided, the interface with the fire detection and fire alarm system should
have been designed to achieve a high degree of reliability per ADB 2013
Section 1.38.
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15.9.17 In light of the above, it is my preliminary opinion that the installed lifts were
not compliant with ADB 2013 and BS 5588-5, and therefore firefighting lifts
were not provided in Grenfell Tower.

15.9.18 However, the observations from site and documentation shows that the
following provisions for 'fire lifts" as per CP3 1971 Section 7.6 were
provided in Grenfell Tower on the 14th June 2017:

a) Where passenger lifts are installed in a building, one or more should be
provided with a fire switch whereby firemen obtain the use of a lift
without interference; and

b) In blocks of flats, fire lifts should serve every floor, and

c) A fire lift should have a platform area of not less than 1.5m2/
"approximately 15 ft2" a capacity of 550kg / "approximately 1200lb" and
reach the top floor from Ground Level within one minute; and

d) The electric supply to any fire lift should be provided by a sub-main circuit
exclusive to the lift.

15.9.19 Therefore, the lifts were compliant as "fire lifts" as per the original design
standard, CP3 1971. As outlined in Section 4 of this report, the lifts were
replaced in 2005 and in the refurbishment works of 2012-2016, two extra
landing doors from the shaft were added on Levels 1 and 2 (levels that were
previously not served by the lift).

15.9.20 As mentioned in Section 18 and Appendix H of this report, ADB 2013 section
5.39 allows for the use of firefighting lifts to be incorporated into the
evacuation plan for occupants who require assistance to escape. The lifts in
Grenfell Tower were not suitable for this use because they were not
firefighting lifts.

15.9.21 I will re visit this issue and update my analysis where necessary when
additional evidence is provided to me.

15.9.22 Please refer to Appendix H for a full compliance assessment of the lift
installations within Grenfell Tower.

15.10 Summary of lobbies and stair ADB 2013 compliance

15.10.1 In my opinion, the common lobbies on Levels 4 —23 are not compliant with
the guidance in ADB 2013, as described above.

15.10.2 A summary of the compliance of the provisions of the construction of the
common lobbies is provided in Table 16.2 and Table 16.3 in Section 16.
These tables provide a full summary of compliance Grenfell Tower with
statutory guidance and historic guidance, relevant to the functional
requirements B1 and B5 of the Building Regulations 2010.

15.10.3 In Table 16.2 and Table 16.3 in Section 16, cells coloured in green identify
items that comply with the guidance in ADB 2013 or CP3 1971 (where
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relevant). Red cells indicate items that do not comply with the guidance in
ADB 2013 or CP3 1971 (where relevant). Yellow cells denote where I have
been unable to determine compliance.

15.10.4 As noted in Tables 16.2 and 16.3, there are several non-compliances noted
between the design and construction of Grenfell Tower and the statutory
guidance in ADB 2013 for Parts B1 and B5 of the Building regulations 2010.
Therefore, at this stage it is my opinion that the building did not comply with
Parts B1 and B5 of the Building Regulations 2010.

15.10.5 As I have stated in Section 3.5, in the next stage of my investigation I will
address any alternative approaches undertaken in the design and construction
of the building to mitigate the non-compliance with the statutory guidance,
and the overall compliance of the building with respect to other fire safety
duties.

15-39 Ove Arup & Partners Ltd

BLAR00000010_0041


