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The Guardian, June 20, 2005
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Best practice today

Technical design
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THE C40 STEERING COMMITTEE

Providing Strategic Direction & Governance for the C40 Network of Megacities
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ELLEN MACARTHUR FOUNDATION

THE CIRCULAR
ECONOMY
OPPORTUNITY
FOR URBAN &
INDUSTRIAL
INNOVATION
IN CHINA

S THE URBAN BIO-LOOP
ol GROWING, MAKING AND REGENERATING
Ve

FIRST STEPS TOWARDS A
CIRCULAR BUILT ENVIRONMENT

ARUP @ ARUP
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Rethinking Timber Rethinking

Timber
Buildings

1. Managing our carbon budget

2. Urban densification ol e o
3. Wood and well-being design and construction
4. The future is prefabricated
5. Sustainable sourcing

6. Knowing the material

7. Innovating with wood
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Managing our carbon budget

Case study

Reducing carbon
footprints

Forte Living in Melbourne, Australia,
was the world's tallest timber apartment
building when completed in 2013.
The 10-storey tower in the city's Victoria
Harbour district comprises 759 CLT
panels on a geopolymer concrete ground
floor and first storey floor slab. The fagade
uses both aluminium panels and recycled
hardwood timber. The timber used
sequesters 761 tonnes of CO,, and the
building has a 22% lower carbon footprint
compared to an equivalent reinforced
concrete structure.
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Building-related embodied emissions

. Transport, industrial, misc.

B steel 33% Textiles 4%
. Building operational Cement 26% [ Food 3%
Building embodied Plastics 17% I Paper 2%
Metal manufacturing 7% . Wood 1%
Aluminium 6% B other 1%
6% of total man-made GHG Wood accounts for only 1% of CO2
emissions in 2014 emissions in China building sector
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GHG implications for forest types over a 200-year period

== Net product substitution

Fossil fuel emissions offset biocenergy (30% of available forest residues)

400 - il Carbon storage in products TS

. Forest carbon(remaining in harvested forest)

300 4T SCONSEIVATIONT OFBST | |

tCO,/ha

0 20 40 60 80 100 120 140 160 180 200

Years
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End of Life

Sections of timber products
retrieved from a Sydney landfill
site after 46 years of burial,
Research in the US and Australia
using both landfill mining and
laboratory simulation indicates
typical long-term retention

rates for carbon in buried wood
products as high as 90-100%.
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Future of urban environment in 1.5 C

GHG Emissions

(GtCO,e)
10
No further climate
action scenario
8
6

4
C40 cities
1.5 °C trajectory
2 C40 GHG budget
82 GtCO,e
2017 2020 2030 2040 2050

Cumulative emissions
gap 161 GtCO.e

CONSUMPTION PROGRESSIVE TARGET AMBITIOUS TARGET
INTERVENTION IN 2030 IN 2030

Reduction in steel Reduction in steel

and cement use of and cement use of

20% and 32%  35% and 56%

respectively respectively

Material efficiency

10% 20%

reduction in demand reduction in demand
for new buildings for new buildings

Enhance building use

75% 90%

of residential and of residential and

Material switching 50 % 70%

of commercial of commercial
are timber buildings are timber buildings

50% 61%

of cement replaced with of cement replaced with
low-carbon alternatives low-carbon alternatives

Low-carbon cement

11% 22%

reduction in virgin metal reduction in virgin metal
and petrochemical-based and petrochemical-based
materials materials

Reuse of building components
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Urban densification

Case study

A solution for
urban density

Zurich, Switzerland — Urban densification
is placing new demands on existing
structures. The light weight of prefabricated
timber construction allowed four storeys
to be added to a three-storey 1960s
rail storage building. Steel transfer beams
support timber cross-walls beneath
the four storeys. These span at about
5m spacing along the building.
Timber cassette floor panels sit between
the cross-walls.
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Urban densification

* Le strategie urbanistiche passano da uno sviluppo urbano
disperso e non controllato a uno densificato per ragioni
sociali, ambientali ed economiche

* Ladensificazione comporta edifici piu alti, costruire in e
sopra fasce di rispetto

* Le sopraelevazioni e gli sbalzi diventano piu facili grazie al
peso piu basso del legno

* |l basso peso del legno € un vantaggio in situazioni con
sottosuolo con basse capacita portanti o con strati da non
penetrare (rigenerazione aree da bonificare)

ANV 2

7>

»

PV S

Caso studio

Dalston Lane, London
+15 appartamenti costruiti
+20 appartamenti in futuro
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Caso studio

Carbon12, Portland

8 piani residenziali

Legno e controventi in acciaio per la
migliore risposta contro i terremoti |

Caso studio
Transport for
London living

units

10.000 nuove unita
abitative

Lotti di progetto
sopra tunnel e
tracciati ferroviari
Garantire minime
interruzioni ed
evitare lavori di

rinforzo
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Wood and Wellbeing

Case study

Woodcube, all
wood construction

Hamburg, Germany — The ‘Woodcube’
apartment building in Hamburg
showcases the idea of ‘all wood’
construction, including both structure
and external cladding. Timber layers in
the laminated floor and wall panels are
connected by beech dowels rather than
more conventional glueing, using the
Thoma Holz100 panel system. Insulation is
wood fibre-based, the use of glues, foils,
and plasterboard encapsulation has been
avoided, and wood surface coatings
have been minimised. The cladding is
untreated larch.
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Wood and Wellbeing

Sayama Lakeside Cemetery
Community Hall, Saitama, Japan

a8
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Wood and Wellbeing

Research has shown that

spending time in nature can help
reduce stress and focus attention.
Kaplan's attention restoration
theory holds that viewing natural
patterns, such as clouds moving
across the sky or leaves rustling
in a breeze, can induce a state of
“involuntary attention" allowing

our minds to relax.”’

A Canadian study measured

responses of 119 subjects
carrying out stress-inducing
tasks in an office devaid of wood
surfaces, and one featuring
wood. Observations were based
on measurement of pulse rate
and skin conductance. The study
concluded that wood provides
stress-reducing effecs similar to
the effect of expasure fo nature,
well-studied in the field of

environmental psychology.

Case study

Cross-laminated
timber in Europe

The glue in this laminated

beam is natural lignin, combined
with a synthetic resin and
hardener. Strength test results
were promising, matching

those of the control sample which
used phenol formaldehyde glue.
This EC-supported R&D project
was carried out by Chimar Hellas
SA, a resin technology company

based in Thessaloniki, Greece.*
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The future is prefabricated

Case study

Automation in
timber construction

Zurich, Switzerland — University-based
research institutes worldwide are
collabarating with robotics manufacturers,
construction companies and timber
suppliers to develop next-generation
prefabrication and assembly technologies.
This track-mounted industrial robot by
ABB uses spatially-aware software to
re-position itself while fabricating a
modular timber wall for researchers at ETH
Zurich. The robot responds to a mixture
of construction tolerances arising from both
human and robot-made components.®
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The future is prefabricated

Caso studio

Torre residenze per
studenti, Vancouver,
Canada

18 piani

Posa di 2 piani per settimana
Assenza di travi ribassate
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The future is prefabricated
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ConThe UrbanVillage

Project,

10 dilkeo,Effekt Architects
propone unmodello di
quartiere urbano flessibile
e accessibile a tutti

With lkea's designlab .
Space 10,Effekt Architects S » O Lo R 2
ey et o * <% s

city district, flexible and o O " i
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The future is prefabricated

Caso studio
Vastint Assembly Manual
Milan, ltaly
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Sustainable sourcing

Case study

NMIT Arts & Media
Building

Nelson, New Zealand — All structural
components of this three-storey

educational building were grown and
manufactured within an 80km ‘radius of
resource’, and each LVL panel is traceable
to a specific forest plantation. The
building features an advanced earthquake
protection system, with pairs of LVL

a seismic event. The comparatively low
weight of timber and short supply chain
also helped to minimise the structure’s
carbon footprint.'®!
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Sustainable sourcing

500 1 B rsc
450 . [ Other PEFC
400 SF1
B csa
o 350 W s
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E 200 B vTes
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=
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100 1
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0

o e
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Figure 4 Cumulative forest area managed under the major sustainability certification schemes.*
In 2016 the proportion of worldwide roundwood production from certified forests was estimated
at 29%.** Forest area covered by these schemes has increased over 30-fold since 2000.%
(UNECE / FAQ, 2016)
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Sustainable sourcing

Gli alberi assorbono CO2 dallatmosfera .. -
£
£
&
Afine vita il legno vema riciclato In pezzi minorl o Il legno proviene da foreste gestite
avviato a recupero energetico sostenibilmente e certificate PEFC/FSC

| l

)

IHlegno viene trasformato in prodotti

Il legno verra impiegato in maniera esponenziale & materlall da costruzione

negli edifici di Scalo Farini

e

llegno impiegato negli edifici riduce le
emissioni di CO2 rispetto al Buisness s Usual
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Sustainable sourcing

Caso studio
Nishi Hotel,
Canberra, Australia
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Knowing the material

Larch facade

Isle of Raasay, UK — The alternative
to applying coatings to exposed wood
is simply to accept its weathered
appearance after the colouring agents
have been broken down, leaving the
surface cellulosic fibres that provide
the grey patina. Design and detailing
can avoid or minimise the motley
appearance of variegated weathering.
Dualchas Architects have achieved that
on the larch-clad Raasay Community
Centre, and many other of their timber
clad projects.
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Knowing the material

The material properties of
timber vary hugely, depending
on species, building context and

Jfabrication process, for example

the structural use of mass timber

(i.e. CLT, glulam, LVL etc)
compared to its use externally
(i.e. acetylated, charred or

treated boards).

A joint research project

by the University of Edinburgh,

Arup and KLH has explored
combustion and safety issues
in mass timber buildings.
Variables explored included
rate of fire growth and time
to flashover, total heat
release rate, duration of
combustion, and potential for

secondary flashover."™

Nanchan Temple was built in 782
CE during China s Tang Dynasty,
and its Great Buddha Hall is
currently China s oldest preserved

timber building.

Dynamic response factor contours

for the timber floor of an open-

plan building, using modal
analysis of a finite element model.
Inputs included assumptions about

Sloor stiffness, joint stiffness,

mass, damping and walking
speeds. Field measurements of
the real vibration environment
after building completion then
provided feedback, so modelling

assumptions could be checked.

Solid wood structural panels

contribute to the thermal
insulation performance of walls
and roofs. This thermal analysis
is part of the extensive building
physics modelling and site testing
carried out on Energy Box, an
environmentally efficient house

in L’Aquila, Italy, by engineer
Pierluigi Bonomo,""
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Knowing the material

Caso studio
Mactan Cebu Internation
Airport Terminal 2, Cebu
City, Philippines
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Innovating with wood

Case study 1 e

Netball central =S
headquarters ’

Sydney, Australia — In 2015, Arup 1 o e 7
collaborated on the design of Netball . A L : i
Central, the new headquarters for = T

Netball NSW in Sydney. The building

is home to nine international standard

netball courts that sit beneath a large oo i e
timber roof structure. The roof is made

from 38m span LVL timber portal frames

that use an innovative connection g iE VS
detail to fit together, saving time during . - 5 SR - iae

construction. The building has also been = o & =
designed to maximise natural ventilation 7 ;
of the courts, reducing the need for N\ =

high levels of air conditioning. - E > - 2 - -
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Innovating with wood

London, UK — Arup worked with Alison
Brooks Architects in collaboration

with the American Hardwood Export
Council to create ‘The Smile’ for the
2016 London Design Festival. The
installation comprised 12 of the largest
hardwood CLT panels ever made, each
around 14m long, assembled into a
shallow curved ‘tube’ with balconies at
either end. The design used tulipwood
CLT rather than conventional spruce.
Tulipwood is one of the most abundant
and sustainable commercial species
in the US, as well as being incredibly
strong relative to weight.

Caso studio
Smile, Rootstein Hopkins
Parade Ground, Chelsea

College of Art, London, UK
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Innovating with wood

Case study

Glass wood
composite

An anneadad laminsted double glass
panalin 8 CLT surround, under tast at
tha University of Zagreb for strangth
and anargy-absorbing potantial dunng
simulated saemic loadng Whis mast
ass

tmber compesita rasearnch uses
sctural adhasiva batwaen the

as
matenals, this project is exploring frichon

fremn direct glass-timber contact.'™

This steel beam section comprises thin-wall cold-formed twin channel sections stabilised against lateral

buckling by encasement in a split glulam beam. Optimum sizing is when both materials reach their limiting
bending stresses simultaneously under load. The hybrid allows a shallower depth than an all-glulam beam,

129

and simple steel-to-steel beam-column connections if the column is also a steel-glulam hybrid.

l - FLA
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Innovating with wood

Caso studio
Torre residenziale
HAUT, Amsterdam, LI Ay

e e e
Netherlands i | —
21 piani o G i
Strutture in CLT e muri di e ———an "

taglio in calcestruzzo
Sara l'edificio piu alto di
Olanda in legno misto
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Innovating with wood

Caso studio
~o Ogden Centre for Fundamental
Physics, University of Durham, UK

et .
N 5 ’;? ‘g’ :
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Dove vogliamo andare?

Best practice today

SUSTAINABLE RESTORATIVE

|

REGENERATIVE

Living system design

ECOLOGICAL GAIN
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