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Climate crisis

Built environment (construction, usage, renovation and demolition)
~40% of global emissions (expected to double by 2060)

Global human- made mass exceeds all Ilvmg blomass
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Megacities

Eur opean Commission, 2020. J34n f ocus: Energy Efficiency in Buildings.} Brussels;
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EU policies affecting building with wood

A European Green Deal (2019)
A Renovation wave (2020)

A Circular Economy Action Plan (2020)

A Fit for 55 package (2021)

A Carbon Removals Certification Regulation (CRC, 2022)

A Construction Products Regulation (CPR revision, 2022)

A Energy Performance of Buildings Directive (EPBD 2018, recast 2023)
A EU Taxonomy Environmental Delegated Act (Taxonomy, 2023)

A New European Bauhaus (2020): a novel co-creation approach

European Commission

The first climate- At least 55% less 3 billion
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New European Bauhaus (NEB)
Values & principles

Participatory
process
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wood4bauhaus

InnovaWood - Network of wood research, innovation, education "
European Panel Federation (EPF)

European Confederation of Woodworking Industries ( CEI-Bois)
European Organisation of the Sawmill Industry (EOS)

European Federation of Building and Woodworkers (EFBWW)
InnoRenew CoE
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Cities as carbon sinks
Forest-construction chain as a major carbon pump
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wood4bauhaus 10 Policy recommendations &
Research needs/priorities

1. Upscale the rate of renovation and new build , incl. social housing

2. Carbon removal, carbon storage and substitution benefits of
long-life biomaterials should be quantified, incentivised and rewarded

3. Hybrid engineered wood products & building systems need to be
enhanced towards higher circularity & sustainability: reuse,
remanufacture, design -for-disassembly, recovery, resource use

Digitalisation for more prefabrication and smart manufacturing in
Secure the supply for wooden raw materials and tree species
Enhance wood recycling, gain access to postconsumer wood
Future skills and education, create new jobs

Recover traditional knowledge, techniques, cultural heritage
Human well-being and health, benefits from regenerative design
10. Transdisciplinarity and open innovation with all relevant disciplines

© © N o o s

W4B, 2021. bit.ly/w4bpr | bit.ly/w4brn
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In Europe, timber structures can mainly be found in

Media Madera Ingenieres"Clisaitores, Amorebieta bridge, Spain
I

Media Madera Ingenieros Consultores , Amorebieta bridge, Spain. www.mediamadera.com

Bafio, V., Domenech, L., Mazzey, CVieillard, T., &Journot, J. B. (2023). HARDWOOD GLULAM IN COMPLEX STRUCTURES: DESIGN AND CONSTRUCTION OF THE MACA MUSEUM IN
URUGUAY. Proceedings from the 13th World Conference on Timber Engineering 2023, 4730. https://doi.org/10.52202/069179 -0575
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Trends In timber structures

Needs to improve
sustainability

\

Taller multistorey
timber buildings

Changes in how
buildings are designed

and built
Some Of them are 2009 2019 2021 2017 2021 2019 2019 | . 1889 1931
N adve rte ntly red ucin g Stadhaus llot Bf)is SILVA Brock Hyperion HoHo Mjestérnet/ CF.  Baobab Barbican Eiffel Empire
Tower  Sensations Tower Commons Tower Tower Tower | Moller Tower Oakwood Tower State
Structu ral Safety Londres Estrasburgo Burdeos Vancouver Burdeos Viena Hedmark ’Estocolmo Paris Londres Paris Nueva York
(Reino (Francia) {Francia) (Canada) (Francia) (Austria) (Noruega) | (Suecia) (Francia) (Reino ( Francia) ( EEUV)
Unido) | Unido)

Basterra A, Bafo V, Lépez G, Vallelado P, Garcia |, Moltini G, Cabrera G. 2022pplication and dissemination of innovative solutions for the promotion of mid _-rise timber

construction in the SUDOE area: Identification and Analysis. DOI110.5281/zenodo.7692174

Lawrence, Andrew, Ishan Abeysekera, and Andrew Smith. 2023.
Structural -Engineers-Safety-Must-Be-Our-Highest-Priority#, 2023

JAs Structur al Engineer s, Safets Mu g t Be Ol
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Ratio wood m3/built m 2in mid-rise buildings (ES, PT, FR)
20231 Our-Shelves-Houses (OSH) residence ;

2022 Hyperion residence

6x6 block residence

1

1

1

1

1

|

1

LIGHT FRAMING Wittywood office building !
1

:

1

Cornella sponsored housing !
1

Impulso Verde building
POST & BEAM
2021 Cirerers residence in Roquetes

La Balma residence | | |

Wood species

2019 ARVS8 residence | | |

MASSIVE TIMBER La Borda residence I
Redbridge School

Hondarribia sponsored housing I | |

2018 Entrepatios Las Carolinas cohousing I

COMBINATION

Residential building in Granada |

2015 Adoma social housing | | |

2013 Apartments in Cavallers | | | Spruce = Douglas fir m Radiata pine

MIXED

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

Basterra A, Bafo V, Lépez G, Cabrera G, Vallelado P. 2023dentification and Trend Analysis of Multistorey Timber Buildings in the SUDOE Reqgion. Buildings 2023, 13(6),
1501; https://doi.org/10.3390/buildings13061501
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Tree species available for use

Net Annual Increment by forest type
120 Forest Available for Wood Supply
. . 5 % ForestArea e
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Avitabile, V, Baldoni EBaruth B, andBausanoG. 2023 . J3Bi omass Production, Supply, Uses and Flows in thelBEuropear
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Climate change impacting on forests

Estimated missing damage
— Reported gapfilled
- Expert's interpretation gapfilled

250

—_ N
(o)) o
o o

Damage (Million m® year ™)
=)
o

50

1950 1960

Wind caused nearly
half of damage (46%)

Fires caused 24% of
timber volume damage

1970 1980

Year

Bark beetle calamities
caused almost 20%
[dramatic increase in
last decade]

2000 2010

2020

Recently, European
forests have been
affected by severe
droughts,
windstorms,
widespread wildfires,
rapidly expanding
bark beetle
infestations and
more.

https://efi.int/forestquestions

Under this scenario, the availability of species commonly used in wood construction (e.g. spruce from Central Europe) and their

properties may be affected in the coming years and the matrix of species available for structural use might vary.

Lindner, Markus, and Hans Verkerk.2 0 2 1 .

3 Key

Questions on

Forests in the EU: How Has

Climate Chahrige

Questions Blog. Https://Efi.Int/Forestquestions/Q4. 2021
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State of the art of the European wood

species available nowadays for structural
purposes
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Timber structures
value chain

Engineered Wood
Products (EWP)

DRAFT %

>
s
prEN1995-1-1 %

(JPEENNE
/HENORM

91.080.20

\

Will supersede EN 199*

September 2023

English Version

Eurocode 5 - Design of timber structures - Part 1-1:
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Timber structures
value chain

CEN TC 124.
TIMBER STRUCTURES

\_ %

Adapted from CENTC 124 Subcommittees and working groups. Brussels

< Strength-graded structural timber with rectangular cross-section

WG1. Test methods

Determination of the physical and mechanical properties

WG2. Solid timber

WG3. Glued laminated timber

< Glulam (GLT),Cross-laminated timber (CLT),Laminated veneer lumber (LVL),Structural

finger-jointed jointed timber ; Glued solid timber

WG4. Connectors

< Nails, staples,screws, dowels, bolts, steel shear plates, split ring connectors, tooth plate

connectors, punched metal plate fasteners and nailing plates

WG5. Prefabricated walls, floors and roofs

Trusses for roofs, walls and floors, frames, composite beams and girders; framing
members
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https://doi.org/10.5281/zenodo.7870473
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Timber structures
value chain

WG1. Crosslaminated timber

WG2. Timber-concrete composites

WG3. Cluster Eurocode 5 Wi R L
HE \"(;Rl\I‘ (@ Basterraef al.
o &, Tik

WG4, Structural fire design

o
. 3

- CEN TC 250EUROCODESE, 55 --
WGS5. Connections and fasteners e e SCHEUFOCode 5. DGSlgn of timber S@

— & =23 k0

Dra"ft”‘ld“r"EN‘l'995-1-1:2023.’I3§aft;1;1; General rules and rules for buildings
Draft prEN1995-1-1:2023. Part 1-2. Structural fire design
I - Draft prEN1995-1-1:2023. Part 2. Bridges

WG8. Seismic design Draft prEN1995-1-1:2023. Part 3. Execution
(confidentialfor CENTC250/SC5)

WG6. Timber bridges

WGT7. Reinforcement

Adapted from CENTC 250/SC5. Subcommittees and working groups. Brussels
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Sawnwood

In 2022, sawn softwood species

Sawn softwoods and hardwoods production represented  92% of the total
(developed from FAOSTAT database 2023) :S‘é"é‘i‘é":g&) production and hardwood
;3120'000 .............. | The construction sector consumes
£ 100.000 “Annual | most sawn softwood produced in
= 60.000 +1.8% | Global softwood  production s
S 40000 | expected to increase at an annual rate
= : | of 1.8% by 2030, with 50% of the wood
= 20.000 o | volume destined for construction
053 0 | purposes as a substitute for steel,

LW s d 0L N R o0y N d Q concrete and masonry

S ARIJSIRIIRIRIRRNR S| (8022-2030:+15%)
: Only a few species are available for
European Union (27) structural purposes in Europe
EOS European Organisation of the Sawmi202B OFTHE HUROREAN SARVMIZIIINDUI RN DS Webd -ceRduiArDiRIFrepdrd/2 2
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https://eos-oes.eu/annual-reports/

Wood grading

m L

Visual Machine Bending Tension
grading grading tests

: Cesefor >

Own figure




Wood grading

Softwoods

Bending tests

Tensile tests

[class [ c1a [ cts | cts [ cao [ caz [ caa [cor | cao | c35 | cao [cas | coo [ciass [ 18 [ 24 [ p27 [ 030 [ 035 [ pao [ as [ pso [ pss [ beo [ bss [ oro [ o7s [ pao

Strength properties in N/'mm? Strength properties in Nimm?*
Bending fok 14 | 16 | 18 | 20 | 22 | 24 | 27 | 30 | 35 | 40 | 45 | 50 | [Bending fax | 18 | 264 | 27 | 30 | 35 | 40 | 45 | s0 | s5 [ 0 | &5 | 70 | 75 | 80
Tension parallel fiox 72 | 85 | 10 | 115| 13 | 145|165 | 19 225| 26 | 30 | 335 | |Tension paraliel oo 1| 14| 16 | 18 | 21 | 24 | 27 | 30 | 33 | 36 | 39 | 42 | 45 | a8
Tension perpendicular fison 04 |04 |04 | 04 | 04| 04|04/ 04 04 | 04 | 04 | 04 Tension perpendicular fns 06 | 06 | 06 | 06 |06 | 06 | 06 | 06 [ 06 | 06 | 06 | 06 | 06 | 06
Compression parallel foox 6 [ 17 | 18 | 19 | 20 | 21 | 22 | 24 25| 27 | 20 | 30 Compression parallel fook 8 | 21 | 22 | 24 | 25 | 27 | 20 | 30 | 32 | 33 | 35 | 3 [ 37 | 3
Compression perpendicular Feoox 20 | 2,2 2,2 23 | 24 25 25 2,7 2,7 28 29 | 30 Compression perpendicular fosox 48 49 51 53 54 55 58 6,2 66 | 10,5 | 113 | 12,0 | 128 | 135
Shear e 30 | 35| 34 | p6 | 38 | 40 [ 40 g0 | 40| 40 | 40| a0 | [shear fr 37 | 38 | 39| a1 |ye2 | 44 | a5 | e7epmts | 50 | 60 | 50 | 50
s oo tre fasse St oo s Strength classes
Mean modulus of parallel bendi Exngmeen 7,0" 80 | 9,0 95 | 100 | 11,0 | 115 | 120 130 | 14,0 | 150 | 16,0 Mean modulus of elasticity parallel bending | Er g mean 95 | 10,0 1D.E"'11.D 120 | 13,0 | 135 | 14,0 | 155 | 17,0 | 185 | 20,0 | 220 | 240
5 percentile modulus of elasticity parallel bending Emox 47 | 64 | 60 | 64 | 67 | 74 | 7.7 | 80 87 | 84 | 1041|107 mﬁ"‘"e modulus of elasticity parallel | ¢ 80 | 84 | 88 | 92 | 104 | 100 | 11,3 | 11,8 | 130 | 143 | 155 | 168 | 185 | 202
Mean modulus of elasticity perpendicular Em90mean 023 | 027 | 030 | 032 | 0,33 | 0,37 | 0,38 | 0,40 043 047 | 050 | 0,53 Mean modulus of elasticity per Jicular Emso, 063 | 067 | 070 | 073 | 080 | 087 [ 090 | 093 | 103 [ 1,13 | 123 | 1,33 | 147 | 1,60
Mean shear modulus Ginean 044 [ 050 | 0,5 | 059 | 063 | 069 [072 | 075 | 081 | 088 | 094 | 100 | |Meanshear modulus Gresn | 059 | 063 | 0,66 | 0,69 | 075 | 0,81 | 084 | 088 | 097 | 1,06 | 116 | 1,25 | 138 | 1.50
Density in kgim® Density in kgim?
5 percentile ¢ density ~ 200 | 310 | 320 | 330 | 340 | 350 | 360 | 380 | 320 | 400 | 410 | 430 | |5 percentie density o 475 | 485 | 510 | 530 | 540 | 550 | 580 | 620 | 660 | 700 | 750 | 800 | ss0 | g00
Mean density Prmean 350 | 370 | 380 | 400 | 410 | 420 | 430 | 460 | 470 | 480 | 490 | 520 | |Mean density P 570 | 580 | 610 | 640 | 650 | 660 | 700 | 740 | 790 | 840 | 900 | 960 | 1020 | 1080

|Class |1'3|rs|'rto|'ru|'r|2|'r|3|1'14|115|'r1s|'r|e 'I'|8|'I'21|'I'22|T24|T26|1'27|T28|T30
Strength properties in Nimm?®
Bending fo 135|145 16 | 17 | 18 [195] 205 21 [ 22 | 23 [ 255 29 [305]| 33 | 35 [365 [ 375/ 40
Tension parallel s 8 | 9 | 10|11 | 12| 13|14 [145| 15 [ 16 | 18 | 21 | 22 | 24 [ 26 | 27 | 28 | 30
Tension perpendicular | fioos 04 |04 |04 | 04|04 04| 04|04|04|04|04|04|048f[04]|04/04]04]|04
Compression parallel foon %6 | 17 | 17 | 18 | 19 [ 20 | 21 | 21 | 21 | 22 | 23 | 25 | 26 | 27 | 28 | 29 | 29 | 30
m;f:::r foson 20|21 |22 |22 | 23|24 25|25/ 25|26|27|27|27|28|290]|29/29]30
Shear fus 28 |30 | A2 )34 |36 |38 40|20 40|40 | 40| 40l 40| 4040|4040 |40
Suness roporis i i Strength classes TD??
Mean modulus of elasticity (= [ 74 | 75 ab.o [,.n QI;] %.o 1,0 (1-?.! 15 §5 12,0 | 13,0 | 130 | 135 | 140 | 150 | 150 | 155 o
parallel tension
':’,a":{l‘::‘g:m’“:ﬂﬂ:::; Erox 47|50 |54 |60 |64 |67 |74|74]| 77|77 |80)|87| 87|90 94101101104
;’r::rmﬂ-l';:“’e'ﬂ‘“‘m’ Eisomean | 0.23 [ 025 | 0,27 | 0,30 | 0,32 | 0,33 | 0,37 | 0,37 | 0.38 | 0,38 | 0,40 | 0,43 | 0,43 | 0,45 | 0.47 | 0.50 | 0,50 | 0.52
Mean shear modulus Gresn | 044 | 047 | 050 | 0,56 | 0.59 | 063 | 0,69 [ 0,69 | 072 | 0.72 [ 0,75 | 0,81 [ 0,81 | 0,84 | 0,88 | 0,94 | 0,94 | 0,97
Density in kg/m?
5 percentile density = 290 | 300 | 310 | 320 | 330 | 340 | 350 | 350 | 360 | 370 | 380 | 380 | 390 | 400 | 410 | 410 | 420 | 430
Mean density P 350 | 360 | 370 | 380 | 400 | 410 | 420 | 420 | 430 | 440 | 460 | 470 | 470 | 480 | 490 | 490 | 500 | 520

Adapted from EN 338: 2016. Structural timber - Strength classes
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https://standards.cencenelec.eu/dyn/www/f?p=CEN:110:0::::FSP_PROJECT,FSP_ORG_ID:35878,6106&cs=123DFC79F13D4980E3376AD907CB77F3D

Softwoods Strength classes

VIS u al g rad I n g Abiesalba CNEEurope, Northern Europe, FR, IT, SI, AT, CZ, DE, SI, SK
IE

Larix decidua CNEEurope, Northern Europe, FR, IT AT, CZ, DE, IT

Piceaabies NE Europe, Northern Europe, SI, FR, IT, SK AT, CZ, DE
Pinus pinaster FR, ES, PT -

Pinusradiata ES

Pinus sylvestris CNEEurope, Northern Europe, ES, FR AT, CZ, DE, PL

Pinusnigra, ssps FR, IT, ES =
laricio/Salzmanni
nigra

Pseudotsuga DE, IT, AT, FR AT, BE, DE
menziessii

Hardwoods Strength classes
. c | o | T |
- DE -

tree species

|n the ', : :‘, R Acerpseudoplatanus

EU AtIaS J ra. ]  ‘ 1 Castaneasativa FR IT, ES -
C ' i Eucalyptusglobulus - ES -

Eucalyptusnitens - - ES
Fagussylvatica - IT, FR, BE, DE -
Fraxinusexcelsior - DE -
Populusx canadensis FR - -
Populusnigra DE - -
Quercusrobur/petraea - FR, BE, DE -

Avitabile, V, Baldoni EBaruth B, andBausanoG. 2023. 3Bi omass Production, Supply, Uses and Flows in the European Un

FprEN 1912: 2023. Structural Timber - Strength classes - Assignment of visual grades and species (under approval)

EC JRC, 2016The European Atlas of Forest Tree Species.https://forest.jrc.ec.europa.eu/en/european -atlas/atlas-download -page 27



https://forest.jrc.ec.europa.eu/en/european-atlas/atlas-download-page
https://standards.cencenelec.eu/dyn/www/f?p=CEN:110:0::::FSP_PROJECT,FSP_ORG_ID:67517,6106&cs=1F5A853C292A5FBD4646E821DF5BD1871
https://op.europa.eu/en/publication-detail/-/publication/993be4a7-b74c-11ed-8912-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/993be4a7-b74c-11ed-8912-01aa75ed71a1/language-en

How to design timber structures
from visually graded wood species?

EN 1912 EN 338 Numerical simulation
Relationship between the Physical and mechanical Lineal elements
visual grades and the properties for the strength
strength classes classes

FprEN 1912: 2023. Structural Timber - Strength classes - Assignment of visual grades and species (under approval)
EN 338: 2016. Structural timber - Strength classes

Eurocode 5

Dimensioning
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