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Introduction to Arup

Total design for mass timber buildings

Fire safety challenges

Our role as ‘next generation’ fire safety engineers

Enabling sustainable and innovative solutions




Celebrating 50 years of

Aru p Fire Safety

1946

Opgericht door Sir Ove Arup

18,000+

Leden

£2.2bn

Omzet (2022/23)

94

Kantoren

34

Landen

Employee owned
Quality driven




Total design
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Role of fire safety engineering in total design -
“Enabling innovation, safe
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ARUP

“Enabling fire safe innovations”




Why timber buildings? ARUP

Our aim is to create more sustainable buildings without
compromising on safety and increase comfort of living.
@3‘é§£t‘é§a‘éh$G€,%ALS

UN Sustainable Development Goals, creating
better outcomes for people, places and planet.

“Concrete & Steel where needed —

'9’

Timber where possible!



“Leading sustainable development”

Designing with timber

WWW.arup.com/perspectives/public

ations/promotional-
materials/section/designing-with-
timber

b | Rethinking
Timber
Buildings

the use of timber in building
desléh and construction
i

ARUP

Www.arup.com/perspectives/p
ublications/research/section/re
thinking-timber-buildings

ARUP

ARUP
Arup Guide
Fire Safe
Design of
Mass Timbe,r‘
Bulldmfg”‘”'f o -

www.arup.com/insights/fire-
safe-design-of-mass-timber-
buildings/

April 2021
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Arup design of timber buildings ARUP
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materials/section/designing-with-timber

direct link: Designing with timber - Arup
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Mass timber — a quick recap ARUP

Cross laminated timber (CLT) Glue laminated timber (Glulam) Laminated veneer lumber (LVL)

(c) Puuinfo

April 2021



Relevant global experience ARUP

Believe in Better Building,
London, UK

Life Cycle Tower one

Dornbirn, Germany

Sayama Lakeside
Cemetery Community Hall
Saitama, Japan

Metropol Parasol,
Seville, Spain

Mactan Cebu
Internation Airport
Cebu City, Philippines

Kroon Hall, Yale University,
New Haven, USA. Macquarie University Incubator
Sydney, Australia

Ascent tower, Milwaukee, USA



Relevant Netherlands experience

Elements

Habitat Royale

The Dutch Mountains



ARUP
Timber design is hot!

However, recent research and project are demonstrating that traditional life safety
codes do not all yet address additional fire risks in timber building.

“Bouwbesluit schiet tekort voor brandveilige hoogbouw
in hout”

Artikel: Cobouw 06.10.21

Foto: J.P. van Eesteren



Fire risks of building in timber:

Timber structures increase
fire load in buildings

Extended fire duration

Impact temperature
development

Self-extinguishment
uncertain

+ 1. Self-extinguishment
2. Regrowth — 2nd flashover
« 3. Continuous burning

Heat release rate

>

Sufficient exposed timber to sustain burning
after room fuel has been consumed

Peak HRR reached
as fire becomes
ventilation controlled

Flashover due to
full involvement of
room contents

[
j @
Decay of HRR as

room contents are
eventually consumed @

Secondary flashover
during decay due to
exposure of fresh
uncharred timber (e.g.
delamination or lining
failures)

ARUP

. Secondary flashover

after decay due to
localised smouldering
transitioning to flaming
(e.g. smouldering at
timber connections)




ARUP

“FSE — Next Generation”

Enabling sustainable and innovative design in a
responsible and fire safe manner.
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Main aims ARUP
+ Veilig Quchten)

* Het beperken van rg@kverspreiding bibnen
het gebouw

» Het beperken van brandspreiding binnen
het gebouw

» \Voorkomen brandoverslag naar derden en
buurpercelen

« \eilig uitvoeren van
reddingswerkzaamheden

« Constructieve veiligheid en instandhouding
draagconstructie

e — e

- Gedeeltelijk biootgesteld

Copyright: Daniel Brandon - RISE

17



. ARUP
Functlonele elsen

* \Veilig ¢
* Het beperken van rg@kverspreiding bibnen
het gebouw

» Het beperken van brandspreiding binnen
het gebouw

» \Voorkomen brandoverslag naar derden en
buurpercelen

« \eilig uitvoeren van
reddingswerkzaamheden

« Constructieve veiligheid en instandhouding
draagconstructie

Engeképéeld ‘ 7 Gedeeltélljk blootgesteld

Copyright: Daniel Brandon - RISE
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Functionele eisefRUP
+ Veilig Quchten)

* Het beperken van rg@kverspreiding bibnen

het gebouw
« Het beperken van kgandspreiding bi»en
het gebouw

« \Voorkomend@randoverslag ngar derden en

buurpercelen

* \eilig uitvoeren van

Teddingswerkzaamheden >

« Constructieve veiligheid en instandhouding
draagconstructie

Ingekapseld Gedeelteiijk blootgesteld

Copyright: Daniel Brandon - RISE



Functionele eisefRUP
+ Veilig Quchten)

* Het beperken van rg@kverspreiding bibnen
het gebouw

« Het beperken van kgandspreiding bi»en
het gebouw

« \Voorkomend@randoverslag ngar derden en

buurpercelen

* \eilig uitvoeren van

Teddingswerkzaamheden >

: [ - . «Constructieve veiligheid einstandhouding
Ingekapseld Gedeeltelijk blootgesteld draagconstructie

Copyright: Daniel Brandon - RISE



Fire strategy and design principles ARUP

Fundamentals

Fire prevention

- Means of
Potential fi ) escape
otential fire
hazard ™ - e Compartmentation
Combustibility
¥ » — of materials
Fire \ Structural fire
detection - \ ____resistance

fire alarm Smoke P = \

control T
Fire service / & Unacceptable

access and Fire consequence
facilities suppression fire event



Voor alle gebouwen dezelfde maatregelen? ARUP

* Nee!
« Slapen in het gebouw?
« Hoe wordt het gebouw ontruimd?

O

* Welke mogelijkheden zijn er voor de brandweer? e
O

* Type gebouw en hoeveel vuurlast? oooro
O OO

* Vluchtroutes oo oo
» Gevelopbouw oo oo oo
OO O O

* Hoogte om oo oo oo
O O] OO O

e ...etc o oo oo s
[ m | [ [ __m



Brandveiligheid massieve houtbouw

Toelichting NTA 6125 et

Start ontwikkeling NTA Brandveilig bouwen met hout
Werkgroep 351 007 007 "Brandveiligheid en 00co
bouwen met hout". e St s e o e o 8 B £ o S

Pascal Steenbakkers (Codrdinatie en rapporteur voor NTA)
IJsbrand van Straalen (rapporteur NTA)
Daniel Brandon (rapporteur NTA)




Method for performance and risk based ARUP

assessment

= a H Z 1+ E
H 5 g £33 3 e g
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Category 1
Om<higrs7m
(residential function);
Om<hgors10m
(ground-based-single- Package 0: No additional measures - Apply bl sees.2.1 o o c o o o
family homes),
Om<hpessm
(other purpose groups);
consequence class CC1a
Package 1: Active suppression system See 5221 - - - -
Catogory I Package 2: Protection of imber (up to 150 m’) See522.2 - -
Tm<hggs13m
= Package 3: Protection of imber (upto 1000m?) [ See 5223 = -

(residential function):

5M<h e < 13m

. .
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Alternative package : Fire risk assessment See 5225 - - - - - -

Operative mass timber buildings e — e : :

requirernent Fire risk based P R : -

See 523.5 - -

F 3
L

hulding Lo 200)

See 523.4 - -

approach SR e
regulations T —r——— e . . :

(upto 1 000 m’
Package 10: Compartments up to 150 m’ with aceess via

See 5236 -
‘non-enclosed exterior corridor
Altemative package : Fire risk assessment See 5237 = - - - - -
# * Package 11 Active suppression system with protection | See 524.1 =
Package 12; Full encapsulation (entire fire duration) [ see 5242 = = =
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E See 5243 - -
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Package 15: Compartments up to 150 m’ with aceess via
See 5245
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Alterative package : Fire risk assessment See 5246 = = = = = =
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Options for mitigation measures

H : e e
*  Provide level of protection to some st e S P

exposed surfaces

»  Use timber with constant charring rate
»  Active fire suppression systems

« Analysis on fire load and behaviour

* Internal and external fire compartment Adhesive in support of constant charring
barriers

Adhesive that loses integrity upon heating



Project HAUT, Amsterdam:

principles of fire strategy: ARUP

e Haut Amsterdam

o 70 meter

» Residential

« Top-end apartments with
large windows

o CLT timber structure:

- Exposed floor

- Protected walls

Watermist system commercial e i
Concrete core: Bl g
- Two escape routes o 0| TR
_ Fire brigade access P/
Manual all out alarm




HAUT: ARUP

Structural design .

SimNing -8
AN N

: s /}.’, £
- 2 > /
- S B
- N N \\\
- AN
: NE
- 2N 2%
: ma

Concrete: Timber walls
Core and foundations Hybrid floors Hybrid floor — timber & concrete



HAUT: ARUP
Design Concept

AN N ¥
Akoestisch
ontkoppelde vioer

/ﬂ///ﬂu) ________

\2&5_ _
Side wall watermist
LS
Geluidisolerende 7 \
voorzetwanden |t 0 |V T T T T 7T ( -
\ ~ g
————— Beschermende
_ koollaag
& ., - 4
Verzwaarde vloer

Weggewerkt

Example — fire resistant and acoustic panels
en flexibel



The right balance for responsible total design:  Arup

(MwW)
2 B =

Heat release rate
>




Summary

« Sustainable design in mass timber!

 Additional fire risks can be mitigated as
part of a total design.

 Support and stimulate innovations and
creative solutions, such as clay protection
of biobased constructions.

* Role for Next Generation:

‘Enabling sustainable and innovative design _
in a responsible and fire safe manner”.




If interested In:

ARUP

« Discussion on the role of Next generation
* Internships and trainingships

* Brainstorming on graduation thesis
 Career developments and Arup university

« Walk-in day in the office to get an
Impression and be inspired.

« Short/long term assignments in other
offices
« Working in Arup

Please contact:
pascal.steenbakkers@arup.com | tel. +31 6 1264 0812
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ARUP

Questions?

-

Pascal SteenbaTkers
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