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Preface

This study has been performed as a follow up of a similar study in 2002 [1] and in order to provide

information to other publications, mainly the Fire Safe Use of Wood - Global Design Guide, that has been
published in 2022 [4].

A few minor corrections to the first version have been included.
Birgit Ostman

Linnaeus University
Véxjo, Sweden
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Summary

The possibilities for building in wood have gradually increased in recent decades mainly due to
environmental benefits and increased knowledge on wood building techniques. But there are still restrictions
in terms of fire regulations in many countries, especially for taller buildings. The situation has therefore been
mapped in 40 countries at four continents with regard to how high buildings with load-bearing wooden
frames may be built and how much visible wood may be used both inside the building on walls and ceilings
in apartments and outside on the facades. In escape routes, the wall and ceiling linings shall be non-
combustible in most countries.

The restrictions apply primarily to prescriptive fire design with detailed rules, which are mainly used for
residential buildings and offices. For more complicated constructions e.g. public buildings, shopping centers,
arenas and assembly halls, performance based design can be used by fire safety engineering using e.g.
evacuation and smoke filling, which increases the possibilities of using wood in buildings.

The possibilities to use wood in buildings increase in several countries if sprinklers are installed, which is
highlighted.

The conclusion is that the differences are still large and that many countries have not yet started to use wood
in larger buildings despite supplies of forest resources and environmental benefits.

Swedish summary — Svensk sammanfattning

Majligheterna att bygga i tra har succesivt 6kat under de senaste decennierna, framst beroende pa
miljofordelar och 6kad kunskap om trabyggnadsteknik. Men fortfarande finns begransningar i form av
brandbestammelser i manga lander, sarskilt nar det géller hogre hus. Situationen har darfor kartlagts i ett 40-
tal lander i fyra varldsdelar med avseende pa hur hoga hus med barande trastomme som far byggas och hur
mycket synligt trd som far anvandas bade invandigt pa vaggar och i innertak i lagenheter och utvandigt pa
fasader. | utrymningsvagar ska bekladnader pa vaggar och i tak vara obrannbara i flertalet lander.

Begransningarna galler framforallt vid brandteknisk dimensionering enligt sa kallad forenklad
dimensionering med detaljregler, som anvands framst for bostader och kontor. F6r mer komplexa byggnader
t.ex. offentliga lokaler, kdpcentra, arenor och samlingslokaler kan brandteknisk ingenjérsvetenskap anvéndas
med hjalp av modeller for bl.a. utrymning och rokfyllinad, vilket kar mojligheterna att anvanda tré i
byggnader.

Mojligheterna att anvanda tré i byggnader ékar om sprinkler installeras, vilket ocksa belyses.

Slutsatsen ar att skillnaderna fortfarande ar stora och att manga lander annu inte borjat anvanda tré i stérre
byggnader trots stora tillgangar pa traravaror och miljéfordelar.
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Background

The combustibility of wood is one of the main reasons why many building regulations strongly restrict the
use of wood as a building material. Fire safety is an important contribution to feeling safe, and an important
criterion for the choice of materials for buildings. The main precondition for increased use of wood products
and structures in buildings is adequate fire safety.

World-wide, several research projects on the fire behavior of wood structures have been conducted in recent
decades, aimed at providing basic data and information on the fire safe use of wood in buildings. Novel fire
design concepts and models have been developed, based on extensive testing and calculations. The current
improved knowledge in fire design of wood structures, combined with technical measures, particularly
sprinkler and smoke detection systems, and well-equipped fire services, allow the safe use of wood in a wide
field of application. As a result, many countries are revising their fire regulations, thus permitting greater use
of wood. Overviews are available [1-3].

Fire test and classification methods have been harmonized internationally, but regulatory requirements
applicable to building types and end uses remain on national bases. Although these standards exist on the
technical level, fire safety is governed by national legislation, and is thus on the political level, but further
harmonization will hopefully provide means of achieving common national regulations.

6 (20)



Fire safety in buildings

There are two different stages of a fire scenario to be considered in the fire safety design of buildings in
relation to building materials and structures. These are the initial and the fully developed fire, see Figure 1.
In the initial fire, the building content e.g. furniture is of major importance both for the initiation of the fire
and its development, but the building content is not regulated in the national building codes. Surface linings
may contribute in the initial fire, especially in escape routes, since those are required to be without any
furniture and furnishing. Limitations of the reaction to fire of surface linings are required in most national
building codes. In the fully developed fire, i.e. after flashover in a room, the performance of load bearing and
separating structures is important in order to limit the fire to the room or compartment of fire origin. This is
called the fire resistance of the building structure.

Generally speaking, wood structures can obtain high performance for fire resistance and high levels for the
separating and load-bearing capacity of wall and floor structures can be achieved, while the surface
properties of wooden linings in the initial fire may be less favorable and also more difficult to quantify. The
highest levels of the reaction to fire properties cannot be obtained by ordinary wood-based products.

temperature
flashover
initial fire cooling
fully developed
fire
time
content and construction members (fire resistance)

surface products
(reaction to fire)

Figure 1. Two main stages are relevant for the fire safety in buildings:
o theinitial fire (reaction to fire performance of surfaces)
o the fully developed fire (fire resistance of structural elements).

Both stages have requirement levels in most national fire regulations.
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National regulations - Questionnaire

In order to review the present situation, a questionnaire was sent out to colleagues and contacts from
international networks, e.g. FSUW Fire Safe Use of Wood. The response was very good and national
information from 40 countries at four continents was received, see Acknowledgements.

The questionnaire was called
National requirements on Fire resistance and Reaction to fire performance in timber buildings according
to prescriptive design (detailed requirements).

It contained questions on requirements for residential and office buildings, some questions on possibilities
for using performance-based design and space for commenting on specific items. The questions were given
for design with and without sprinkler installations, which makes differences in some countries.

A main parameter was height of the building. It could be expressed in maximum number of storeys or in
maximum height of the building in meters. These parameters are defined partly different in different
countries and in some countries only one of the measures is used. The conversion between the two may also
be different, so some simplifications have been used to present comparable data.

The building height has been grouped in 4 categories:
0-2 storeys
3-4 storeys
5-8 storeys
> 8 storeys incl. No Limits in some countries

The national information has been compiled in tables and maps in the next chapters.
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Structural use of wood - Tables

Table 1a. Maximum number of storeys/maximum height and fire resistance requirements on load-bearing
elements in residential timber buildings — Prescriptive / Pre-accepted requirements

Country Max Fire resistance requirements,
Max height, | Same for | Addi-tional ) ) minutes
number of PFB design | Valid . . S
storeys * m aII- req. for allowed since Residential buildings
materials wood Max number of storeys

Unspr. | Spr. | Unspr. | Spr. 1-2 3-4 5-8 >8
Australia 2-3 (8) - 25 Yes Yes Yes 2019 | 30-60 | 60-90 90 -
Austria (7)2) )] 22 - Yes Yes Yes 2019 | 30-60 | 30-90 | 60-90 -
Belarus 2 2 - - No No No 2018 - - - -
Belgium NL? | NL NL NL Yes No Yes 2020 30 30-60 | 60-120 120
Bulgaria 1-2 4) - 12 - No No 2010 - 30 60 120
Canada 3 12 - 42 No Yes Yes 2020 45 45-60 | 60Y/120 120
China 3 5 10 - Yes/No Yes Yes 2017 30 60 120 -
Croatia () (7) 22 22 Yes Yes Yes 2015 30 60 90 -
CzechRep. | (3-4) | (3-4)| 9-12 | 9-12 No Yes Yes 1980+ | 15%/30 | 30?/60 | 452/60 -
Denmark | (3-4)? | (3-4)| 122 | 12 No Yes Yes 2020 60 60 - -
Estonia 4 8 - - No Yes Yes 2017 30 60-180 | 60%/120 -
Finland 2 8 9 28 No Yes Yes 2011 30 60% 60? -
France (16) | (16) 50 50 No No Yes 1986 | 15-30 | 30-60 60 90-120
Germany (7-8) | (7-8)| 22 22 Yes Yes Yes 2021 30 60 90 -
Greece NL | NL | NL NL Yes No No 2018 30 60 60-90 | 90-120
Hungary 3 3 14 14 Yes Yes Yes 2020 15 30
Iceland 8 | NL | 23 | NL Yes No Yes 2012 |30/90% | 60790 | 60%/90 | 90%/120
Ireland 4 10 10 No Yes Yes/No 2006 30 30-60 - -
Italy NL | NL | NL NL Yes No Yes 2006 60 90-120
Japan 3 3 16 16 Yes Yes Yes 2019 | 45/60 60 - -
Latvia @ | @?] 2172 | 212 | Yes Yes (Yes) 2018 30 | 30260 | 60 |60%-180
Lithuania (3) 3) 10 10 Yes No No 2010 NL 45 60-120 | 60-120
Netherlands | NL NL NL NL | Yes/No No Yes/no 2012 60 90 120
New Zealand | 20 | 20 | 25 - Yes No Yes 2020 | 60/30" | 60/30% | 60/30Y | 60/30%
Norway 4 4 - - Yes No Yes 2007 30 60 - -
N Macedonia | 1-2 1-2 6-9 6-9 Yes No No 1984 120 120 120 120
Poland 8 >8 25 | >25 Yes No No 2017 30 30 30 120
Portugal NL | NL | NL NL | Yes/No No No 2009 30 30 60 90
Romania 3 4 - - No Yes Yes 1999 - - - -
Russia NL NL 75 75 Yes Yes Yes 2012 | 0-30? 45 45 90%-120
Serbia 1-2 1-2 6-9 6-9 | Yes/No Yes Yes 2019 | 15-30 | 30-60 - -
Slovakia 3 3 - - No Yes No 2019 | 15-30 | 30-60 - -
Slovenia 6 (7) - 22 No Yes Yes 2019 - - - -
Spain NL NL NL - Yes No Yes 2019 30 60 90 120
Sweden NL | NL | NL | NL Yes No Yes 2012 60 60 | 60-90? 920
Switzerland | (33) | (33) | 100 | 100 Yes No Yes 2015 | 0%/30 | 0Y/30 | 30%/60 | 60790
Turkey 10 | NL | 305 | NL No No No 2007 |30%/60 | 607 607 | 90/120%
Ukraine NL NL NL NL Yes Yes Yes 2016 30 30 60 120-180
UK 34 | NL | 11 | NL Yes No Yes 2020 | 30 60 | 60%/90 | 90%/120
us 0 (@8] o 83 No Yes Yes 2021 0 0%/30 | 60*120 | 120%/180

* storey height estimated to 3 m, if only building height specified in national answers (estimated number of storeys in brackets)

NL = No Limit for wood
PBD = Performance Based Design
Y for 5-6 storeys
2 additional details apply

% if different storeys and, in some countries, different fire compartments;

4 with sprinklers
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Table 1b Maximum number of storeys/maximum height and fire resistance requirements on load-bearing
elements in office timber buildings — Prescriptive / Pre-accepted requirements

Country Max number ) Fire resistang:e requirements,
of Max height, Same for ﬁgr?egl PFB minutes
m . Valid Office buildings
storeys * all req. design -
materials for allowed | >'M¢® Max number of storeys

Unspr. | Spr. U?sp Spr. wood 1-2 3-4 5-8 >8
Australia 2 (8) 25 Yes Yes Yes | 2019 | 60-90 | 90-120| 90-120 | 90-120
Austria (7)? (7 | 22 - Yes Yes Yes | 2019 | 30-60 | 30-90 | 60-90 .
Belarus 2 2 - - - - - 2018 - - - -
Belgium NL? NL - - Yes No Yes | 2020 | 30 | 30-60 | 60-120 120
Bulgaria 1-2 (4) - 12 - No No 2010 - 30 60 120
Canada 3 12 - 42 No Yes Yes 2020 45 | 45-60 | 60Y/120 | 120
China 3 5 10 - Yes/No Yes Yes 2017 30 90 120
Croatia (7) (7) 22 | 22 Yes Yes Yes | 2015 | 30 60 90 -
CzechRep. | (3-4) | (3-4) | 9-12 | 9-12 No Yes Yes | 1980+ | 152/30 | 302/60 | 452160 -
Denmark (3-4? | 34)| 122 | 12 No Yes Yes | 2020 | 60 60 - -
Estonia 4 8 - - No Yes Yes | 2017 | 30 |60-180| 120-240 -
Finland 2 8 9 28 No Yes Yes | 2011 | 30 602 602 -
France 9) (9) 28 28 No Yes Yes 1992 0 60 60 90
Germany (7-8) | (7-8) ] 22 | 22 Yes Yes Yes 2021 | 307 602 90 -
Greece NL NL NL NL Yes No No 2018 30 60 60-90 90-120
Hungary 3 3 14 14 Yes Yes Yes 2020 15 30 - -
Iceland 8 NL | 23 | NL Yes No Yes | 2012 |30/90Y|60%/90| 607/90 |902/120
Ireland 3 4 10 10 No Yes | Yes/No | 2006 30 30/60 - -
Italy NL NL | NL | NL Yes No Yes | 2006 | 30 | 30/60 60 90/120
Japan 3 3 16 16 Yes Yes Yes 2019 | 60/45 60 - -
Latvia M2 | @? | 212 | 212 Yes Yes | (Yes) | 2018 | 30 |30%-60| 60% | 60%-180
Lithuania (3) (3) 10 | 10 Yes No No® | 2010 | NL 45 60-120 | 60-120
Netherlands NL NL NL NL | Yes/No No Yes/No | 2012 - 60 90 -
New Zealand 8 20 25 | 60 Yes No Yes 2020 |60/30% | 607307 | 60/307 | 60/30%
Norway 4 4 - - Yes No Yes 2007 30 60 - -
N Macedonia | 1-2 1-2 | 69 | 6-9 Yes No No 1984 | 120 120 120 120
Poland 8 >8 | 25 |>25 Yes No No 2017 | 30 30 30 120
Portugal NL NL | NL | NL | Yes/No | No No 2009 | 30 30 60 90
Romania 3 4 - - No Yes Yes 1999 - - - -
Russia 16 NL | 50 | NL Yes No Yes | 2014 - 45 90 120
Serbia 1-2 3 10 | 10 No Yes Yes | 2019 | 30-60 | 60-90 - -
Slovakia 4 4 12 | 12 No Yes No 2019 | 15-30 | 30-60 - -
Slovenia 6 7 - - No Yes Yes 2019 - - - -
Spain NL NL | NL - Yes No Yes | 2019 | 30 60 90 120
Sweden NL NL | NL | NL Yes No Yes | 2012 | 60 60 60-90? 90
Switzerland | (33) | (33) | 100 | 100 Yes No Yes | 2015 | 09730 | 0¥/30 | 30%/60 | 60/90
Turkey 10 NL | 305 | NL No No No | 2007 |30/30%|60/30? | 60/30/90% | 90/120?
Ukraine NL NL | NL | NL - Yes Yes | 2016 | 30 30 60 120-180
UK 10 NL | 30 | NL | Yes No Yes | 2020 | 30 |30%60| 60”90 |90%/120
us 5 18 | 198 | 83 No Yes Yes | 2021 0 0%60 | 60-120 |120-180

* storey height estimated to 3 m, if only building height specified in national answers (estimated number of storeys in brackets)

NL = No Limit for wood

PBD = Performance Based Design
Y for 5-6 storeys
2 additional details apply
3 if different storeys and, in some countries, different fire compartments
4 with sprinklers
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Structural use of wood - Maps

Maximum number of storeys with load-bearing timber structure in residential buildings

Without sprinklers
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Figure 2. Maximum number of storeys with load-bearing elements in wood in residential buildings acc. to
prescriptive requirements; above without sprinklers and below with sprinklers installed.
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Maximum number of storeys with load-bearing timber structure in office buildings

Without sprinklers
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Figure 3. Maximum number of storeys with load-bearing elements in wood in office buildings acc. to
prescriptive requirements; above without sprinklers and below with sprinklers installed.
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Visible wood, facades and interior applications - Tables

Table 2a. Maximum number of storeys for visible wood surfaces, exterior and interior — Reaction to fire
requirements in residential buildings — Prescriptive / Pre-accepted requirements

Country Maximum number of storeys generally
Facades - exterior Wall and ceiling linings - interior Floorings
Flats Escape routes Flats Escape
routes
Wood, untr. © FRT Wood, untr. FRT Wood, untr. FRT Wood, untr.
Unspr. | Spr. | wood ° | Unspr. | Spr. | wood ° | Unspr. | Spr. | wood ° | Unspr. | Unspr.
Australia 2 2 2 NL NL NL 0 0 0 NLY NLY
Austria 6% 6 6 NL | NL | NL 34 | 34 4 NL 3-4°
Belarus - - - - - - - - - - -
Belgium 2-3 | 23 8 NL | NL | NL 0 0 - NL 0
Bulgaria 23 | 23| 78 2-3 - 2-3 0 0 0 NL -
Canada 3 6 6 3 6 NL 0 0 NL 3 3
China - - - 0 0 - - - - 0 -
Croatia 2-3 2-3 <7 <22 NL <22 2-3 2-3 2-3 - 2-3
Czech Rep. 5% 5% 5% NL | NL | NL 49 49 49 NL 4?
Denmark 1 2 1 1-79 | 1-7? - 0 0 - NL NL°
Estonia 8 8 NL NL NL NL 0 0 8 NL NL
Finland 2 8 8 NL NL NL 0 0 - NL NL
France 9 9 9 50 50 50 0 0 3 NL 0
Germany 78 | 78 | 78 7-82 | 789 | 7-8? 0 0 0 NL 7-8
Greece NL NL NL NL NL NL NL NL NL NL NL
Hungary NL NL - NL NL - NL NL - NL NL
Iceland - NL NL 1-2 NL NL 0 0 NL NL <23 m
Ireland 4 - - 0 0 - 0 0 - NL NL
Italy 5-8° | 5-8° | 58 NL | NL | NL 0 0 NL NL 0
Japan 0 0 0 NL NL NL 0 0 NL 0 0
Latvia 3 3 9 NL NL NL 3 3 - NL NL°
Lithuania ? 2 2 4 4 4 NL 2 2 4 4 2
Netherlands 4 4 NL NL NL NL 0 0 - NL
New Zealand 3-4 3-4 3-45 20 20 20 0 0 20 8
Norway 1-2 1-2 - 3-4 3-4 - 0 0 NL NL NL
N Macedonia - - - - - - - - - - -
Poland 8 8 8 NL NL NL 0 0 NL NL 0
Portugal 10 10 - NL NL NL 0 0 0 NL 0
Romania 3 4 - 3 4 - 3 4 - 3 4
Russia 2 2 - NL NL NL 2 2 2 NL 2
Serbia - - - - - - - - - - -
Slovakia 5 5 5 NL NL NL 3 3 3 NL NL
Slovenia 3-4 3-4 - NL NL 0 0 - NL 0
Spain 3 3 - NL NL NL 0 - NL NL 0
Sweden 2 2 8 2 8 NL 0 0 NL NL NL°
Switzerland 10 10 10 10 30 | 307 10 | 10% | 307 30 30?7
Turkey - - - - - - - - - - -
Ukraine 2 2 NL NL NL 0 0 0 NL 0
UK 3-4 6 6 0 0 NL 0 0 NL - -
uUS 0 4 6° NL°? | NL*? NL 0 NL° NL NL NL

NL = No Limit for wood

° Only if meeting required class

D Minimum Critical Radiant Flux apply, not all timber species can comply

2 additional details apply; 2 if > 10 m to other buildings; * with sprinklers;  up to 20 if passes full scale facade test

13 (20)



Table 2b. Maximum number of storeys for visible wood surfaces, exterior and interior — Reaction to fire
requirements in office buildings — Prescriptive / Pre-accepted requirements

Country Maximum number of storeys generally
Facades - exterior Wall and ceiling linings - interior Floorings
Office space Escape routes Office | Escape
space routes
Wood, untr. FRT Wood, untr. Wood, untr. Wood, untr.
wood FRT FRT
Unspr. | Spr. . Unspr. | Spr. | wood ° | Unspr. | Spr. | wood ° | Unspr. | Unspr.
Australia 2 2 2 NL NL NL 0 0 0 NLY NLY
Austria 62 6 6 NL NL NL 3-4 3-4 4 NL 3-4°
Belarus - - - - - - - - - - -
Belgium 2-3 2-3 8 NL NL NL 0 0 - NL 0
Bulgaria 2-3 2-3 7-8 2-3 2-3 2-3 0 0 0 NL -
Canada 3 6 6 3 6 NL 0 0 NL 3 3
China - - - 0 0 - - - - 0 -
Croatia 2-3 2-3 <7 <22 | NL | <22 2-3 2-3 2-3 - 2-3
Czech Rep. 52 52 52 NL NL NL 42 4? 42 NL? 42
Denmark 1 2 1 1-72 | 1-72 - 0 0 - NL NL®
Estonia 8 8 NL NL NL NL 0 0 8 NL NL
Finland 2 8 8 NL NL NL 0 0 - NL NL
France 9 9 9 2 - 9 0 - 9 9 9
Germany 7-8 7-8 78 | 782 | 789 | 7-87 0 0 0 NL 7-8
Greece NL NL NL NL NL NL NL NL NL NL NL
Hungary NL NL - NL NL - NL NL NL NL
Iceland - NL NL 1-2 NL NL 0 0 NL NL <23m
Ireland 6 - - 0 0 - 0 0 - NL NL
Italy 5-8° | 5-8° | 5-8° NL NL NL 0 0 NL NL 0
Japan 0 0 0 10 10 NL 0 0 NL 0 0
Latvia 3 3 9 NL NL NL 3 3 - NL NL°
Lithuania ? 2 2 4 4 4 NL 2 2 4 4 2
Netherlands 4 4 NL NL NL NL 0 0 - NL
New Zealand 3-4 3-4 3-4° 20 20 20 0 0 20 8 8
Norway 1-2 1-2 - 3-4 3-4 - 0 0 NL NL NL
N Macedonia - - - - - - - - - - -
Poland 8 8 8 NL NL NL 0 0 NL NL 0
Portugal 10 10 - 0 0 NL 0 0 0 0 0
Romania 2 3 - 2 3 - 2 3 - 2 3
Russia 2 2 - NL NL NL - - - NL -
Serbia - - - - - - - - - - -
Slovakia 5 5 5 NL NL NL 3 3 3 NL NL
Slovenia 3 5 - NLY | NLY - 0 0 - 0 0
Spain 3 3 - 0 0 NL 0 - NL NL 0
Sweden 2 2 8 2 8 NL 0 0 NL NL NL°
Switzerland 10 10 10 10 30 30? 102 | 109 | 307 30 30?
Turkey - - - - - - - - - - -
Ukraine 2 2 2 NL NL NL 0 0 0 NL 0
UK 6/NL° | 6/NL° | NL 0 0 NL 0 NL - -
US 4 4 6 NL*? | NL*?| NL° 0 NL° | NL° NL® NL

NL = No Limit for wood

° Only if meeting required class

Y Minimum Critical Radiant Flux apply, not all timber species can comply
2 additional details apply

% if > 10 m to other buildings

4 with sprinklers;  5) if passes full scale facade test
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Wooden facades — Maps
Maximum number of storeys with wooden facades in residential buildings

Without sprinklers

With sprinklers

Figure 4. Maximum number of storeys with wooden facades in residential buildings acc. to prescriptive
requirements; above without sprinklers and below with sprinklers installed.
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Interior applications - Maps

Maximum number of storeys with visible interior wood surfaces in residential
buildings

Without sprinklers

| £
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With sprinklers
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0-2 34 58
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Figure 5. Maximum number of storeys with visible interior wood surfaces (except escape routes) in
residential buildings acc. to prescriptive requirements; above without sprinklers and below with sprinklers
installed.
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Europe for residential buildings

The differences between European countries are further detailed below.

Without sprinklers With sprinklers

Load-bearing
structure

Exterior
applications
- facades

Interior
applications

34 58 >8 incl no limit

Figure 6. Possibilities to use wood in different applications in Europe.
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Conclusions

The differences between countries are still large both in terms of structural use of loadbearing wood
structures and the use of visible wood surfaces in interior and exterior applications. Many countries have not
yet started to use larger wood constructions despite supplies of forest resources.

Several countries have no specific regulations, or do not limit the number of storeys in wooden buildings.
However, a maximum of eight storeys is often used as a practical limit for wood structures. This limit may
be higher for facades, linings and floorings, since these applications may also be used in, for example,
concrete structures.

The improvements in maximum number of storeys with load-bearing in wood since 2002 [1] are visualised
in Figure 7 below for applications without and with sprinklers.

Changes in number of storeys with load-bearing timber structure since 2002

Without sprinklers

Russis y -

Australe

r
1

N4

Y

New Zeakand

Russia ot 3 -
Canada ~L S~

i" . N;—w Zealand
3 Changes in number of stdreys since 2002

Figure 7. Maximum number of storeys with with load-bearing elements in wood in residential buildings
acc. to prescriptive requirements have increased in several countries since 2002, as marked in blue;
above without sprinklers and below with sprinklers installed.
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