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Issues addressed in my opening presentation

• Original building – description of construction 
materials and the internal layout of the Tower

• Fire safety requirements in high rise residential 
buildings in England: Part 1 The Building 
Regulations

• Break

• Fire safety requirements in high rise residential 
buildings in England: Part 2  The Active and 
Passive fire protection measures forming the 
Stay Put strategy



Issues addressed in my opening presentation

• Summary timeline of key refurbishment works to the 
Tower since 1974

• Lift replacement works - 2005

• Lunch

• Fire door replacement works – 2011 

• Gas supply replacement works – 2016

• Overview of the Primary Refurbishment 2012 – 2016



Grenfell Tower: 
The original building construction and layout



Fire vehicle access to site



External space and fire vehicle access



Original external wall 



Original internal window surrounds



Fire Safety in high rise residential 
buildings in England.



Part 1
The Building Regulations and the 
resulting fire safety requirements



The Building Regulations 2010



Requirements for safety – dealt with in Part B



Approved Documents



Requirements Part B Fire Safety



Requirements Part B Fire Safety



Requirements Part B Fire Safety



Requirements Part B Fire Safety



Requirements Part B Fire Safety



Additional Requirement – Fire Safety Information



Additional Requirement – Fire Safety Information



Additional Requirement – to make a Full Plans submission



Additional Requirements – completion certificates



Additional Requirements – completion certificates



Approved Document B Fire Safety



Connection between the Approved Document B and RR(FS) Order 2005



Connection between the Approved Document B and RR(FS) Order 2005



The Housing Act 2004



The Approved Document B and its definition of the Stay Put Strategy



The Approved Document B and its definition of the Stay Put Strategy



BS9991 Fire safety in the design, management 
and use of residential buildings – Code of practice



BS9991 Fire safety in the design, management 
and use of residential buildings – Code of practice



BS9991 Fire safety in the design, management 
and use of residential buildings – Code of practice



BS9991 Fire safety in the design, management 
and use of residential buildings – Code of practice



BS9991 Fire safety in the design, management 
and use of residential buildings – Code of practice



BS9991 Fire safety in the design, management 
and use of residential buildings – Code of practice



Since 1962:



Guidance to comply with the Building Regulations



The Stay Put Strategy



During a single flat fire, the occupants of 
that flat evacuate, and all other occupants 
are safe if they “remain where they are”



Defend in 
place fire 
fighting

Active fire 
protection 
measures

Passive 
fire 

protection 
measures

Building Regulations Safety Condition

Building Regulations Safety Condition



The issue of applying water early in a fire, and 
the fire being extinguished early is described 
as “Defend in place” fire fighting strategy



How the Stay Put Strategy is 
designed for high rise residential buildings



Specific Risk to persons requiring assistance to evacuate during a fire



Defend in place
fire fighting in high rise residential buildings 



Defend in place fire fighting



Image: deltafire.co.uk

Image: laoisfiresupplies.com

Defend in place – Extinguishing the fire 

Image: emergencytimes.com



The fire fighting bridgehead & sectors 

Image: ukfrs.com



Defend in place – Search & Rescue 



The Stay Put Strategy –
the single safety condition provided for



There is no Building Regulations 
requirement to provide 

active or passive fire protection measures
which would allow an alternative 

to the Stay Put Strategy



Fire Safety in high rise residential 
buildings in England.



Part 2
The Active and Passive fire protection 

measures forming the Stay Put Strategy



Passive fire protection measures



Fire Protection Measure: 
Fire resisting walls and floors



Fire Protection Measure: Openings through fire resisting walls and floors



Fire Protection Measure: Openings through fire resisting walls and floors



Fire Protection Measure: 
Fire Doors



Fire Protection Measure: Fire doors – What is a fire door?



Fire Protection Measure: 
Construction of External Walls



Fire Protection Measure: External Surfaces



Fire Protection Measure: Insulation Materials/Products



Fire Protection Measure: Cavity Barriers



Fire performance of external thermal insulation 
for walls of multistorey buildings BR 135



Fire Protection Measure: Construction of External Walls

Internal wall of flat 
compartment

External wall of flat 
compartment



Fire Protection Measure: 
Structural Fire Resistance 



Fire Protection Measure: Structural fire resistance

Image from www.structurepoint.org

Example: 
Concrete column



Fire Protection Measure: 
Materials lining the escape route



Fire Protection Measure: Materials of construction of the stair 

Image: Wilcox Fabrications



Fire performance of 
materials, products and structures



Fire Performance of materials, products and structures



Fire Protection Measure: Fire resisting walls and floors - Testing

Construction 

Furnace



Fire Protection Measure: Fire doors - Testing



Fire Protection Measure: Fire resisting walls, floors and doors



Reaction to fire tests and classifications

Fire classification of construction products and building elements 
- Part 1: Classification using data from reaction to fire tests  
- BS EN 13501-1:2007

List of British Standards from ADB relating to material or 
assembly testing for external walls and roofs:
• BS 476-4, BS 476-11, BS 476-6, BS 476-7, BS 476-3 BS EN ISO 

1182, ENV 1187, BS EN 1364-1, BS EN 1366-3, BS EN 1366-4, 
BS EN ISO 1716, BS 8414-1, BS 8414-2, BS EN ISO 11925-2, BS 
EN 13501-1, BS EN 13823



BR 135 and BS 8414

Fire spread through cavities Example of typical test facility After the test



Variations in test evidence

BR 135 Section A2
ADB Appendix A1

BS 8414-1 2015



Active fire protection measures



Fire Protection Measure:
Residential fire detection system



Fire Protection Measure: Residential fire and detection system 



Fire Protection Measure:
Emergency lighting 



Fire Protection Measure: Emergency lighting 

Image: Biard



Fire Protection Measure:
Smoke control of escape routes



Fire Protection Measure: Smoke control in common lobby



Fire Protection Measure: Smoke control in common lobby



Fire Protection Measure: Smoke control in common lobby

Smoke detector Automatic opening vent Fan



Fire Protection Measure: Smoke control – Natural Ventilation



Fire Protection Measure: Smoke control – Mechanical ventilation

Fan on extract path



Fire Protection Measure: Smoke control – Pressurisation 

Fan on air supply path



Fire Protection Measure: Smoke ventilation - Components



Smoke Control and the interaction with breathing apparatus

Image: cheshirefire.gov.uk



Fire Protection Measure:
Fire fighting lift



Fire Protection Measure: a firefighting lift – Statutory Guidance



Fire Protection Measure:
Fire main



Fire Protection Measure: Fire mains

Dry main Wet main



Fire Protection Measure: Capacity of an internal fire fighting main



Fire Protection Measure: Location of an internal fire fighting main

Original guidance for 
location - lobby

Current guidance 
for location - Stair



Fire Fighting Hose 



Layers of protection



Summary timeline of key refurbishment 
works at Grenfell Tower 



Evidence to support the dates of the refurbishment works

Planning 
applications

Building 
Regulations 
applications

Fire risk 
assessments

Contract 
documents

Relevant 
Health and 
Safety Files



The relevance of the timing and form of any refurbishment works 



• From 1979 to 2017 there is evidence of 19 different sets of work to the various 
parts of the building:

Timeline of recorded refurbishment works



Refurbishment timeline – Works to the internal layout of Grenfell Tower

• There were 9 instances of internal works
▪ 3/9 involved the residential floors on L 4-23
▪ 5/9 involved only non-residential areas on L G-3
▪ 1 unknown location



Refurbishment timeline – Lift works 

• There were four instances of alterations to the lift installations.



Refurbishment timeline – Fire door works

• There were three instances of alterations to the fire doors (including new flats 
introduced by 2012-2016 refurb).



Refurbishment timeline – External wall construction works

• There were two instances of alterations to the external wall construction of the 
building:



• I will focus on the most recent gas works only, commenced in 2016.  

Refurbishment timeline – Gas works



Timeline – works relevant to the fire safety provisions in place on 14th June 2017

• I will focus on the refurbishment works shown here for the remainder of my 
presentation



Timeline – agenda

• The morning session will present the lift works

• The afternoon session will present the works on the doors and gas as well as the 
2012-2016 refurbishment



The Lift Replacement Works 
2005 & 2012-2016



The original lifts installed in Grenfell Tower



The two types of lifts for fire fighting 



The two types of lifts for fire fighting

British Standard Code of Practice CP3 Approved Document B

1971 1992

“Fire lifts” “Firefighting lifts”



Components of a lift system 



“Fire Lifts” – The Requirements



Summary – differences between a “fire lift” and “fire fighting lift”

Legend



ADB 2013 Section 5.39 – Use of fire fighting lifts for evacuation

“in some circumstances a lift may be provided as 
part of a management plan for evacuating people… 
Where a firefighting lift has been provided to satisfy 

requirement B5, this can be utilised”



The replacement of the lifts in 2005 
& modification in 2012-2016



Lift works 2005 – Changes to the lift car



Lift works 2005 – Fire Switch & Emergency intercom 

Ground Level Lift Lobby Level 2 Lift Lobby

Fire fighter 
lift switch

Fire fighter 
lift switch



Lifts at Grenfell tower – comparison with ‘Firefighting Lifts’

Legend



The Fire Door Replacement Works 2011



Recap of the role of the fire door in fire safety



The multiple components of a fire door

ADB 2013 Appendix B:

“Small differences in detail 
(such as glazing apertures, 
intumescent strips, door 
frames and ironmongery 
etc) may significantly affect 
the rating.”



The fire doors within Grenfell Tower 



Required location of Fire doors in Grenfell Tower 



Flat entrance fire doors 



Protected lift shaft fire door 



Refuse chute fire door 



Protected stair enclosure fire door



Fire door replacement works 2011



Flat Entrance Doors Fire requirements at the time of installation [2011]



The requirements for glazing in a main flat entrance door



The product specified – Masterdor Suredor

Photo: Masterdor Suredor marketing materials

Fire test report referenced in 
the Manse Masterdor brochure 



The installed flat entrance doors

Glazed Flat Entrance Door (48 doors)Unglazed Flat Entrance Door (58 doors)



Flat entrance doors not replaced – requirements in 1974

?

Original or resident replaced 
Flat Entrance Door (14) 



Cold smoke seals (2011)>12mm rebate in frame (1974)

Measures against the spread of smoke



Protected stair doors not replaced – requirements in 1974

Level 6 stair door



Conclusion – Condition on night of 14th June 2017



BS9991 2015 advises

“Fire doors: 
Doors in fire-separating elements are one of the most important 
features of a fire protection strategy, and it is important to select 

a fire door that is suitable for its intended purpose. 
They should normally be self-closing …”



The Gas Supply replacement works 2016



The Original Landlord Gas Supply



The Original Residential Gas Supply



Gas pipes require protection at compartment floors and walls



Two options to protect gas pipes passing through compartmentation 

Option 1: Fire stopping Option 2: Provide a ventilated protected shaft



Residential gas replacement works
2016 – 2017 



Original residential gas pipe capped at Ground Level

Decommissioned gas riser – original 
residential gas supply
Capped on Ground Level



Fire safety provisions 
for the installed gas pipes



Enclosure of the gas pipe within the stair

Residential Gas Supply 
runs through protected 
stairway between Level 

2 and Level 23

Construction of enclosure 
unknown



Ventilation of a shaft containing a gas pipe



Fire protection of the penetration through the stair wall

Gas pipe penetration through stair compartment wall

Gas pipe penetration through flat ‘2’ compartment wall



Condition of gas supplies on 14th June 2017

A Landlord gas supply serving boilers in the basement • no impact to compartmentation at 
Grenfell Tower

Original residential 
gas supply penetrates every compartment floor

• The condition of the remaining 5 
supply routes is currently being 
investigated by the Inquiry appointed 
Expert

A single new residential 
gas supply 

following replacement works in 
2016/2017 – routed through the 
protected stair and penetrating the 
stair compartment wall and flat ‘2’ 
compartment wall on 13 floors of the 
Tower

• Incomplete work regarding 
compartmentation

• Incomplete work regarding the
required ventilation

On 14th June 2017, there were three gas supplies in Grenfell Tower



Grenfell Tower 
Primary Refurbishment 2012-2016: 
Overview



Refurbishment of Grenfell Tower 2012 - 2016 

Grenfell Tower 2012 Grenfell Tower 2016



External works during the primary refurbishment

Contract boundary for 
Grenfell Tower primary 
refurbishment



Primary refurbishment: Overview of internal reconfiguration, Ground – Level 3 



Primary refurbishment: Overview of works, stairs and lifts



Primary refurbishment: Overview of works to fire fighting main



Primary refurbishment: Overview of works to lobby smoke control 



Heating/hot water and cold water – works within common areas



Heating/hot water and cold water – works within dwellings

Existing dwelling 



Primary refurbishment: Overview of works over all levels

External cladding works Internal works
External works to land surrounding 
the building



Grenfell Tower 
Primary Refurbishment 2012-2016:
Other works



External works



Changes to immediate surroundings of Grenfell Tower

Contract boundary for 
primary refurbishment 

outlined in red



After primary refurbishment:
Main entrance at South elevation of Grenfell Tower

Before primary refurbishment:
Main entrance at South elevation of Grenfell Tower

Level pedestrian access to area 
west of Grenfell Tower (playground)

Pedestrian access to area west of 
Grenfell Tower (playground) via stairs

External works impact on immediate area surrounding Grenfell Tower

New hard standing



Fire vehicle access after primary refurbishment

Grenfell Tower

Fire vehicle access After primary refurbishment:

New hard standing



Reconfiguration of Ground Level to Level 3



Internal fire fighting main



Fire Protection Measure: Fire mains

Dry main Wet main



Works to dry rising main



Smoke control system



Operation of original smoke control system 



South Shafts – Level 2 smoke exhaust fan and vent

Smoke exhaust fans at Level 2 Vent on Level 2 for south smoke shaft



South Shafts – Level 2 smoke exhaust fan and vent

Ductwork at Level 2 for south smoke shaft



Automatic opening vents within the lobbies

Rotating blade in open position Rotating blade in closed position

Better quality photo needed

Motor to open 
and close ventRotating blade 

in open position 

Rotating blade in 
closed position 



North Shafts – Roof Level extract fan and vent

Environmental fan and smoke 
extraction fan in Rooftop Plant Level

Weatherproof housing/roof vent on Roof above 
north smoke shaft



Operation of the combined lobby environmental and smoke control system

Lobby smoke detector



Operation of the combined lobby environmental and smoke control system



Operation of the combined lobby environmental and smoke control system



Smoke Control System – Fire fighter controls 

Smoke control panel

Ground Level



Fire Service operation

Smoke control 
override switch

Typical 
Residential Level



Heating/hot water & cold water systems



New boilers

Original boilers 
and gas line

New boiler



Original boilers retained to continue serving finger flats

Grenfell Tower

Hurstway Walk

Testerton Walk

Barandon Walk



Cupboard in common lobbies, Levels 4 – 23 

Cupboard in Level 6 lobby



New ceilings in common lobbies, Level 4 – 23 

False ceilings  in Level 6 lobby



Summary

“The general scope of the project is:
• Adaption of 2 lifts to include 2 x new doors 

• Recladding of the façade 

• Reconfiguration of the podium levels to provide additional residential accommodation (9 no. new flats) 

• Relocation and refurbishment of the nursery 

• Relocation and refurbishment of the boxing club 

• Provision of new community room

• Decorations to the existing lobbies 

• Construction of a new entrance lobby (previously an undercroft)

• Modifications to the MEP systems as follows: 

• New heating system to all areas 

• New boosted cold water distribution system to all areas 

• Refurbishment and extension of the smoke/environmental ventilation systems 

• Alterations to the dry riser system 

• Alterations to the door entry system

• External hard & soft landscaping” 



Grenfell Tower
External Wall Primary Refurbishment 
2012-2016



Grenfell Tower 2012 Grenfell Tower 2016

Recladding of the external wall during the 2012-2016 refurbishment 



Ventilated rainscreen cladding systems



Rainscreen system: Outer layer



Rainscreen system: cavity



Rainscreen system: cavity insulation



Rainscreen system: backing wall



The Requirements
Regulation B4: External Fire Spread



Regulation B4 external Fire Spread 



ADB 2013 Section 12 Construction of external walls



ADB 2013 Section 12.5 External Wall Construction 



ADB 2013 Section 12.5 External wall construction 



ADB 2013 Section 12.5 External wall construction



Provisions for external wall construction 
ADB 12.6 -12.9



ADB 2013 Paragraph 12.6 External Surfaces



ADB 2013 Paragraph 12.6 External surfaces and Diagram 40 



ADB 2013 Paragraph 12.7 Insulation Materials/Products



ADB 2013 Paragraph 12.8 and 12.9 Cavity Barriers



ADB 2013 The rules for cavity barriers in external walls (residential)



ADB 2013 Cavity barriers to close openings 



ADB 2013 Cavity barriers at compartment floors 



ADB 2013 Cavity barriers at compartment walls



ADB 2013 Cavity barrier provisions (summary)



ADB 2013 cavity barriers to close the top of the cavity  



ADB 2013 Section 9 Construction and fixings for cavity barriers



ADB 2013 Section 10 Protection of openings and fire stopping 



Provisions for external wall construction 
ADB 12.5: BR 135 & BS 8414



BS 8414 Method of test for non load bearing cladding systems

BS 8414-1 Large scale test



BR135 Annex A Performance criteria and classification method for BS 8414-1

No criteria set 



The materials applied externally to 
the external wall of Grenfell Tower



The external over cladding of Grenfell Tower – the materials applied 



The new window frames, glazing 
and insulating core panels



The new window frames, glazing and insulating core panels - materials



Kitchen window inserts – observed materials 



The position of the new window frames relative to the old windows



The installed EPDM Damp proof course



EPDM Damp proof course observed from the exterior of the building 



Original vs. new windows



The installed cavity thermal insulation 



Rainscreen thermal insulation applied to columns



Rainscreen insulation applied to perimeter beam above and below windows



Kingspan Kooltherm K15 Rainscreen board



The installed rainscreen outer layer



Rainscreen outer layer – Aluminium composite panels 



Reynobond 55 PE aluminium composite panels 



Methods of supporting Reynobond 55 PE ACPs 

Flat Panel screw fixed in place Modular cassette system hung on bolts



Cladding rails for the Reynobond 55 PE ACPs



Hanging of the Reynobond 55 PE ACPs



The gaps between installed ACP cladding panels



The cavities created by the over-cladding 



New external wall cavities – Perimeter beam cavity



New external wall cavities: Column Cavity 



The installed cavity barriers



Horizontal cavity barriers at junction with the compartment floors



Horizontal cavity barriers – junction with the cladding rails



Vertical cavity barriers – junction with the compartment walls

Grenfell Tower Manufacturer’s marketing materials



Cavity barriers omitted 
from the new cavities



Cavity barriers omitted - Around window openings



Cavity barriers omitted – At the head of the wall 



The materials applied internally 
to the external wall of Grenfell Tower



Purlboard – existing material retained at window head



Internal works to the external wall of Grenfell Tower 

Grenfell Tower pre-refurbishment Grenfell Tower post-refurbishment



New reveals for the replacement windows – the materials applied



Original window reveal timber lining



Position of the retained timber from the original window linings



Materials lining the window openings internally – original timber elements



Foam filler 



Top of window opening – Plastic foam filler material



Insulation beneath the 
uPVC window reveal lining 



The location of insulation beneath the uPVC window linings



Thermal insulation observed at the top of the windows



Thermal insulation observed at the window sides 



Thermal insulation overserved affixed to the underside of removed uPVC

uPVC window 
reveal lining 

Foam plastic 
insulation



uPVC New window reveals:
uPVC lining 



Internal uPVC window linings 



Method of fixing the uPVC window linings 



Finished surface of the internal linings to the windows 



Performance of the materials installed internally as cavity barriers 


