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Mass timber construction

Increasing demand by governments, developers,
suppliers

DRIVEN BY:

e (Climate crisis
Desire to reduce the embodied carbon in
buildings and infrastructure

* Speed of construction

and™ =
han Habitat

—.-l - I
. J h: ——eeg— )
 Cost savings | L N T
* Architectural aspirations Tall Buildings sl (N ' e—

(£

l
|

25 Kig, BrisbanlAuspllia ()1

CTBUH (2022) The State of Tall Timber: A Global Audit




The challenge

Evidencing that the use
of timber at scale can
be safe




Current Knowledge

Observations in fire tests with exposed CLT
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4 Experiments in non-combustible compartments
¢ Timber experiments
2 to 5m high square compartment
7 Demand for non-combustible and timber buildings

Mass-timber building
design demand

2000 4000 5000

Compartment floor area (mx)
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Letter to the Editor: Design Fires for Opou-
Plan Buildings with Exposed Mass-Timber
Ceiling

Exbe Rachosshoive. Arap. Losndin. UK
Paragoy Kotswsmoa®, Arap, Maechoreee, UK
Darid Borier, Arvp, Washigron, DXC, USH

Dear oditor.

Over e poor Socade. the design and comstnxction of mass timder badldags
usng oross laminated tmber (CLT) and glukens have significantly increasad ghobde
aly. This is mainly due 10 the benetits of Wmber Comruction i the ghodad fight
apaimt climese chasge aad o Scarbonisod coomonmy. In addition, a1 moets archi
sxtaral mpurations, Gan eesult o rodeced cost and impeoved spood of Comsange
DOf, 0 Compansos W comveatonal, 1ypwally  DoO-CombsUNE  COMLIUCTON
formma. Maay cocent peropossh by archatocts inclode hghsine masa tenber bezld.
mzs for office and public mes with bege opesplan floor arcas that are preates
than 1000 =" with aspiralioss of maistaiming 3 much tmber cxpowed 2 pouible.

For the strectural fire dodgn of hghane baldiam, a key sowvee to be addroaad
o the roguarermncnt for the building to witlneand bame-out of a fully developed fire.
When the Jood-beasing mcmzber i combantible and is exposcd there s 2 foodback
loop betweoen the Bre acverily and strctseal reipoane {throagh lmber charring)
revaliing in more cocrous Sre conditioan. The macertainty of the types of £oox that
are thesefore Bhely 1o oocer = large-open plan compantmcnts waek caposad load-
bearmg tmber, snd how the Snbor =1y contnbete to the fire, » a compler area
that has not roccived enough aticntiva from repslaton, stasdasdnation bodics,
the industry or the sawcarch comsrnuruty.

A coascrvalive menwre o ostgate the mberent rak combustible losd-boanng

Smouldenng Char

Flaming Region Flaming CLT Thin indial

vrat-deveiopod thiker char layer Growing chav Jayer (ahead of the firg) char layer
Trailing edge Leading edge
at ceiling at ceiling

+ Burnt out fuel
an the fioor

Unbuunt fuel
on the foor -

4

ANNN»

N\

y

Trailing edge/ Leading edge

Fire design methodologies have been developed based on
84m? compartments and — require further validation for
large compartments

Travelling fires methodology not developed for application
to timber structures

Knowledge gaps and research needs to apply travelling
fires to timber
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CodeRed

Large scale CLT fire
experiments
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CodeRed

Research aims

SEEK TO UNDERSTAND:

1. The effect of exposed timber on fire dynamics in large open-plan
compartments

2. The decay behaviour of exposed mass timber surfaces

3. How observed fires compare to the standard fire exposure (e.g.
time-equivalence)

4. The travelling fire spread rates in large compartments when lined
with timber construction

5. The charring rates in natural fires as a function of received radiation

CodeRed #02:

1. The effect of reduced ventilation (50%) in large open-plan
compartments with exposed timber

CodeRed #04 :

1. The effect of encapsulation (50%) in large open-plan compartments
with exposed timber

dMases from o of CodeRed #01
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Previous travelling fire experiments

Observations in fire tests with exposed CLT
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Steering Group

Close academic and industry collaboration with oversight by steering group, and input from project application

o

-

Fabienne Robert David Barber Prof. Andrew Lawrence Prof. Guillermo Rein Alistair Murray Dr. Clare Perkins

CERIB Project Director Global timber fire safety Steering Group — Steering Group — ICL fire Steering Group — Arup Steering Group —

Fire Test House lead, EC5 committee structural timber expert, dynamics, smouldering Fire UK Leader materials expert
EC5 committee expert

Dr. Susan Lamont Eoin O’Loughlin Harry Mitchell Rikesh Amin Daniel Thomson

Steering Group — global Steering Group — global Steering Group — PhD Steering Group — PhD Fire UK Timber skills
fire skills lead structural fire skills lead student, ICL student, ICL lead



The building

Experimental layout for CodeRed

352 m2 | 10.27 m wide, 34.27 m long, 3.1 m high
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The building =

Experimental layout for CodeRed = '

CLT ceiling comprises 5-ply CLT
with MUF adhesive

se_ Two timber columns (glulam)
, [

One protected steel column
=



The building

Experimental Iaout for CodeRed

~37O MJ/m2 wood crib
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CodeRed #01 shown indicatively

W PT - plate thermocouples
PT1 to 13 100mm below the ceili
PT14{019 10X

I

PT21 to 28 fixed to the external screens

® CLT - Type-K thermocouples within CLT panels

CLT1 to 16. embedded 20, 40, 60 & 80 mm
fromthe expased surface

®® T - Type-K thermocouple trees
T1to11: 100, 700 & 2100 mm below the ceiling
T2to17: 100, 700, 2100 & 2800 mm below the ceiling
T18 to 19: 0 and 300 mm from the external screens




The CodeRed

series (2021)

CodeRed #01

Ventilation

Encapsulation
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The EMectiveneds of & Water Mist Syitem in an Open-plan Compartment with
an Exposed Timber Ceding: CodeRed #03
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CodeRed #01

Impact of adding CLT
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Smouldering ARUP

CodeRed #01

Hot spot TH
visualised I i ~
t=3.18h t=14.28 h t=38.08h I | . . .
———ae]
Location of

observed hot spots

Infrared

Visual
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RESEARCH ARTICLE WILEY

Fire dynamics inside a large and open-plan compartment with
exposed timber ceiling and columns: CodeRed #01

Panagiotis Kotsovinos® © | Egle Rackauskaite® | Eirik Christensen® |

Adam Glew' @ | Eoin O'Loughlin® | Harry MitchelP | Rikesh Amin® |
Fabienne Robert® | Mohammad Heidari®© | David Barber* | Guillermo Rein® |
Judith Schulz’

Fire Ergineering. Arup. London, UK

Degartment of Mechunical Engineering. Summary
Imperis College London, London, UK There Is an increasing global demand to build from timber as it Is a sustainable and

¥ire Testing Conwe, CERIB, £gernce, France attractive material. One of the key challenges associated with timber bulldings is their
Fire Engineedng. Ao, Melcurne, Australia performance in a fire, in particular, for medium- and high-rise buildings and when tim-
Correspondence ber is exposed. Research on this topic to date has been performed in compartments

rmmJ:aW.FhEmm;N\n smaller than 84 m? which does not capture the fire dynamics of large compartments.

Emad panos R oSOV NERIND COM This paper presents the first in a series of experiments carried out inside a large,
A - purpose-built, open-plan compartment with a floor area of 352 m®. The large-scale
roup compartment had a fully exposed, unloaded, cross-laminated timber (CLT) ceiling and

Pued laminated timber (glulam) columns, made with adhesives that have been tested
to not exhibit char fall-off in fire At 352 m? floor area. this Is currenth the larpest
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CodeRed #02

Impact of reduced ventilation
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External flaming

-

' o :

® — '.' "J -
oS Ul 4 s

. ’

-5 €S
1

ARUP*

-t

R. '

m ARUP

Slightly greater external flaming

height than CR #01;
3 to 3.5 m in height

Much ‘smokier’
(incomplete combustion)

Pulsating flames

Large lateral flame extensions



Smouldering
CodeRed #02

LIF]

Mitchell, H., Amin, R., Kotsovinos, P., and
Rein, G. (2022), Structural Hazards of
Smouldering in Tall Timber Buildings, SFPE
Annual Conference, Detroit

Imperial College
London

343 m

108 m

t = Oh (after flames) 1-1

.

7
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[ Lt ceiing

- Hotspot

. Hole in CLT
Glulam Column
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RESEARCH ARTICLE WILEY

Impact of ventilation on the fire dynamics of an open-plan
compartment with exposed timber ceiling and columns:
CodeRed #02

Panagiotis Kotsovinos' © | Eirik G. Christensen’ | Egle Rackauskaite' |

Adam Glew®' © | Eoin O'Loughlin® | Harry MitchelF | Rikesh Amin® |
Fabienne Robert” | Mohammad Heidari® © | David Barber® | Guillermo Rein® |
Judith Schulz'

Fire Engineering. Acup Growp L,

‘Department of Mechanical Engineering. The desire by developers and architects to build mass timber buildings using cross
Sperial Coleps Laadon, Lenen, UK bminated timber (CLT) and glulam has significantly increased globally in the last decade

¥ire Testing Cenwre. CLRIB, £ pernon, France
s IS T due to its benefits with regards to sustainability as wel as other architectural and com-

Meltbourne. Austala mercil drivers. This paper presents novel experimental evidence from CodeRed #02, the
second in a series of birge scale fire experments carried out inside a purpose-bullt, open-

Paruagiofs Kotsovimos, Fire Engnsering. Anp plan compartment to capture fire dynamics in large compartments with exposed timber,
Growp Lidl. Londom, UK The experiment used a continuous wood o (6 x 29 m) & a controled
Emalk panoskosovinos@ang com

maenable fud Inad The 3im of the CodeRead #0027 oxrecinent wax to <tudy the mnact of
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CodeRed #03

Effectiveness of water mist system



Temperature (°C)

ARUP

200 e - ; , , : !

—— - "

| =

78} NA NAT|Z -
: -

o0
150 F NIA  N2A P
. L

-

125

100

"

R 4
Activation time Average discharge densit
1 min 48 s 3.0 litres/m/min

2.93 litres/m/min

A L.
e

-
Saves
- .-

%.0 25 50 75 10.0 125 15.0 17.5 20,0
Time (min)

2.88 litres/m/min




Flame height and HRR

Flame beight (m)
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Peak heat release 762-1205 kW, based on the Thomas and Heskestad methods respectively
This was achieved 2 min 40 s after ignition, approximately simultaneously with the activation of the third nozzle
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SEFE

The EMectiveneds of & Water Mist Syitem in an Open-plan Compartment with
an Exposed Timber Ceding: CodleRed #03
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CodeRed #04

Impact of partial encapsulation
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MEP considerations

MEP fixings included Fixing matrix Post fire investigation

Indicative of Unistrut support spacings MS-10 fixings (loaded and unloaded) Saw cut through fixings into CLT

expected for commercial office fitout Into bare CLT vs into protected CLT



CodeRed #04
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CodeRed #04




Extent of encapsulation
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L L L e T P S e o

Notable events ]

Initial fire spread Cam 12

Steady spread of both leading and trailing edge — rapid acceleration post CLT ignition



23 min 52 s

Notable events Risht side CLT

. ignites, glowing
CLT ignition visible on left side!
Cam 6 Cam 2 (started 18.47)

===========T 24 min 57 s
Extent of

= = — cncapsulation CLT on left Slde

” ——— ignites

Cam 2

25 min 54 s

flaming on
right side |§

dies down

27 min 26 s
flaming on left
side dies down, as
right side grows

28 min 55s
left sides
grows again [P
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Peak heat flux and temperatures

e Peak heat fluxes are lower in CodeRed#04 than in #01

e Peak temperatures near the ceiling appear to similar between experiments

e Peak temperature close to the ground appear to be between those from a non-combustible
and fully exposed timber structure.

300

=@~ CodeRed #01

- —#— _CodeRed #04
250} -
o £
§ 200} g
Z
= 150F =
> 3
£ v
% 100} &
{ -: -~ x-ONE
& -A~- x-TWO.1
50 200} { | g
~#~ CodeRed #04
" " A A A A 0~ - - - - - . ’ . - - " h " " .
¢ o 5 10 15 20 25 30 0 s 10 15 20 25 30 0 s 10 15 20 25 30
Distance from ignition (m) Distance from ignition (m) Distance from ignition (m)
Figure — Peak incident heat flux values measured Figure — Peak temperatures measured along the centreline of the
along the centreline of the compartment near the compartment.

ceiling.



CodeRed #01

- 6 min

similar

fire travelled to far end
localised external flaming there
CodeRed #04 smaller flames
as expected due to reduced CLT fire load

+ 5 min

12 min and 36 min chosen as approx. mid-point
of ‘peak’ external flaming for each experiment

VO# P2Y2P0)



Below encapsulation ARUP

Some smouldering occurred below CLT encapsulation. Extent of encapsulation
This is 1solated to the first CLT slab.

Linked to location of smouldering near the junction

——————————

6th of January, 23 days after
the experiment

Approximate
. B encapsulation
At the end of encapsulation | location

o
1



® Penetration seal
(3') Mechanical fixing with a load of 27 kg AR( ] P

° bt e Mechanical fixing without loadin
Mechanical fixings - oosermaceiion. el |
Aoy g)]
=IO e
* Included mechanical fixings ekt

representative of services hung
from ceiling

i ' | M“l""

* Informed by projects currently in
concept design

e Half in CLT, half in encapsulated
CLT

= F= = 1 [




Key 1ssues 1dentified

These need to be addressed in tall mass timber
buildings

Fire spread across large areas of exposed timber is
fast

External flaming and the likelihood that fire spread
will occur

The lower portion of exposed columns can be more
vulnerable

Smouldering will occur in joints and interfaces for
days afterwards

Current compartment fire models are not
adequately reflecting fire behaviour in large
compartments with exposed CLT
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Thank you and questions

LY

WILLY

Fite dyramics inside a large and openplan compartment with
exposed timber celling and columns: CodeRed 201

Wity

Dr PanOS KOtSOVinOS ! ) N : : . Impact of veatilation on the fire dynamics of an open-plan

compartment with exposed timber ceiling and columns:

Panos.Kotsovinos@arup.com ’ CodeRed #02



