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How can the TU Delft accommodate the growing student 
population whilst complying with its own sustainability goals?
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TU Delft aims to be carbon neutral, climate-adaptive 
and circular, with contribution to the quality of life and 

biodiversity, by 2030. We focus on all aspects that 
affects our climate and the environment: from buildings 

and energy systems to waste management and mobility.

- TU Delft, n.d.

Engineers have a vital role to play in solving the major 
societal issues of this century. ...The domestic demand 
for engineers is as high as ever. ... By increasing our 
student numbers to 40,000, we can aim for 5,500-

6,000 engineering graduates a year.

- TU Delft executive board, 2022

?

With every increment of warming, climate change impacts and risks 
will become increasingly complex and more difficult to manage.

There is a rapidly closing window of opportunity to secure a liveable 
and sustainable future for all...

- IPCC Synthesis Report, 2023 

“Humanity is on a highway to climate hell”...

- UN secretary general, 2022

So: What if we do not meet our sustainability goals?
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And what if we do not meet our sustainability goals?	
	 With every increment of warming, climate change impacts and risks will 
	 become increasingly complex and more difficult to manage.

So: What if we do not meet our sustainability goals?
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very high

Risk/Impact

Principal hazards

So, at +2,7° the following risks apply;
Extreme weather events  (very high risk)
Biodiversity loss  (high / very high risk)
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Common name, botanical name, DIN 4076 abbreviation

Colour of wood, sapwood/heartwood

Average density [kg/m3]

Theoretical differential shrinkage in % per 1% moisture change, radial/tangential

Dimensional and form stability 

Resistance to fungal attack

Resistance to insect attack

1) Availability of Sawn lumber/finger jointed and bending strength [N/mm2]

2) Availability of Glued laminated timber and bending strength [N/mm2]

3) Availability of Cross laminated timber and bending strength [N/mm2]

4) Availability of Laminated veneer lumber and bending strength [N/mm2]

5) Availability of Structural plywood/OSB

Burnrate (1-5) [mm/min]
 

Thermal conductivity (1-5) [W/mK]

Water vapour diffusion resistance (1...2/3...4/5) [µ]

Highest durability class

Softwoods

Common name, botanical name, DIN 4076 abbreviation

Douglas fir Spruce Scots pine (European redwood) European larch
PsPP eudotsuga menznn iezz sii PicePP a abies PinPP us sylyy vestrirr sii Larirr x ii decidua

DGA FI KI LA

Applications

Highly stressed internal uses, tim- Important European building tim- Important European building tim- Highly stressed internal and
ber preservative required exter- ber, internal uses, timber preser - ber, internal uses, timber preser- external uses, furniture, lin-
nally, floor coverings, shipbuilding, vative required externally, frames, vative required externally, windows, ings, fittings
veneer for plywood, staves core and veneer for plywood, furniture (solid and veneered), lin-

poles, crates, industrial uses ings, mining uses, industrial uses,
floor coverings

Colour of wood, sapwood/heartwood

yellowish white/reddish brown, early wood yellowish white, light yellowish white/reddish white,  yellowish/reddish brown, darken-
darkening, late wood dark late wood reddish yellow, sap- turning to brown, late wood darker ing, late wood very dark brown

wood and heartwood not distinct

Macroscopic-anatomical features: distribution of late and early wood, resin ducts

wide late wood, distinct cut-off, narrow but distinct late wood, distinct late wood, wide, distinct late wood,
resin ducts resin ducts many resin ducts resin ducts

Macroscopic-anatomical features: grain orientation, texture, appearance

plain to decorative plain to decorative plain to decorative plain to decorative
(plain sawn section) (plain sawn section) (plain sawn section) (plain sawn section)

AvAA erage density rN [g/cm3] for a moisture content of 12–15%

0.51...0.58 0.43...0.47 0.51...0.55 0.54...0.62

Theoretical amount of diffeff rential shrinkage in % per 1% moisture change, radial

0.15...0.19 0.15...0.19 0.15...0.19 0.14...0.18

Theoretical amount of diffeff rential shrinkage in % per 1% moisture change, tangential

0.24...0.31 0.27...0.36 0.25...0.36 0.28...0.36

Dimensional and form stability

good good moderate to good good

Resistance (of heartwood) to fungal attack

moderate, low, low to moderate, moderate to low
sapwood vulnerable to blue stain vulnerable to blue stain sapwood highly vulnerable

blue stain

Resistance (of heartwood) to insect attack

moderate low low moderate to high

Growing regions 

west coast of North America, Europe Europe, central Europe
cultivated in Europe northwest Asia

Sources: Sell, J.: EigenEE schaftff en und KenngKK rörr ssen von Holzll azz rten, Zurich-Dietikon, 1987; Holzll -Lexee ikonxx , Stuttgart, 1993; Info-Dienst Holz, 04/2000
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Species of woodFundamentals

Herzog, T., Natterer, J., Schweitzer, R., Volz, M., & Winter, W. (2004). Timber construction manual. Walter de Gruyter GmbH.
Created from delft on 2023-03-13 16:41:33.
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Hardwoods

Common name, botanical name, DIN 4076 abbreviation

Maple Ekki (azobé) Beech (European beech) Oak
Acer pseudoplall tatt nus/ss p// lall tatt noides L. Lophirii arr alall tatt FaFF gus sylyy vavv tictt a Quercrr us rorr bur,rr Q.petrarr ea
AH AZO BU EI

Applications

For fittings and wood turning, es- Highly stressed uses in agriculture Moderate to highly stressed internal Highly stressed, internal
pecially decorative with wavy grain, and hydraulic engineering, e.g. uses, parquet flooring, sleepers and external uses, parquet
furniture, kitchen equipment, musi- bridges, locks, ramps, underground (impregnated), for wood turning, flooring, storage barrels; narrow-
cal instruments, parquet flooring railway sleepers, parquet flooring veneer for plywood, industrial uses ringed quality: high-quality

veneers

Colour of wood, sapwood/heartwood

yellowish white, tendency to yellow, light red-brown/very dark rk ed-brown light yellowish to reddish grey, oftff en grey/grey-yellow, darkening
satin shine, sapwood and heart- with pale violet shade speckled, cloudy red-brown to light to dark brown
wood barely distinguishable heartwood, sapwood and

heartwood barely distinguishable

Macroscopic-anatomical features: distribution of late and early wood, resin ducts

scattered, small scattered, large scattered, small, rays ring-porous, large
sometimes very wide and distinct

Macroscopic-anatomical features: grain orientation, texture, appearance

decorative wavy grain common, spiral grain, growth zones indistinct, growth rings moderately distinct, growth rings very distinct,
boundaries of growth rings distinct, plain to decorative plain decorative
decorative

AvAA erage density rN [g/cm3] for a moisture content of 12–15%

0.61...0.66 1.02...1.12 0.70...0.79 0.65...0.76

Theoretical amount of diffeff rential shrinkage in % per 1% moisture change, radial

0.10...0.20 0.30...0.32 0.19...0.22 0.18...0.22

Theoretical amount of diffeff rential shrinkage in % per 1% moisture change, tangential

0.22...0.30 0.4 0.38...0.44 0.28...0.35

Dimensional and form stability

moderate to good low to moderate low moderate

Resistance (of heartwood) to fungal attack

very low, high very low high
also with respect to blue stain

Resistance (of heartwood) to insect attack

very low to common furniture beetle very high low high
and other insects

Growing regions

Europe to Asia minor west Africa Europe Europe
Sources: Sell, J.: EigenEE schaftff en und KenngKK rörr ssen von Holzll azz rten, Zurich-Dietikon, 1987; Holzll -Lexee ikonxx , Stuttgart, 1993; Info-Dienst Holz, 04/2000
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Douglas fir, Pseudotsuga menziessii,
DGA

Maple, Acer pseudoplatanus/plata-,
AH

Spruce, Picea abies,
FI

European beech, Fagus sylvatica
BU

Scots pine, Pinus sylvestris
KI

Oak, Quercus robur, Q. petraea
EI

Yellowish white/reddish brown, 
darkening

Yellowish white, tendency to yellow, 
satin shine

early wood yellowish white, 
late wood reddish yellow

light yellowish to reddish grey, offften 
speckled, cloudy red-brown

light yellowish white/reddish white, 
turning to brown

grey/grey-yellow, darkening to light 
to dark brown

480...500...540 530...630...960 350...400...500 540...720...910 500...520...540 430...690...960

0.15...0.19/0.24...0.31 0.10...0.20/ 0.22...0.30 0.15...0.19/0.27...0.36 0.19...0.22/0.38...0.44 0.15...0.19/0.25...0.36 0.18...0.22/0.28...0.35

Good moderate to good good low low moderate

moderate very low low very low low to moderate high

moderate very low low low low high

yes/yes no/no yes/yes yes/no yes/yes yes/no

yes no yes yes...28.0-48.0 yes yes...31.5/59.0

yes no yes no rarely no

yes no yes yes...75.0 yes no

yes/yes* no/no yes/yes yes/no...80.0 yes/yes no/no

0.65/0.65/0.65/0.65/0.65* -/-/-/-/- 0.65/0.65/0.65/0.65/0.65* 0.50/0.65/-/0.65/1.0 0.65/0.65/0.65/0.65/0.65* 0.50/0.50/-/-/-

0.12/0.13/0.13/0.13/0.13 -/-/-/-/- 0.09/0.13/0.13/0.13/0.13 0.13/0.17/-/0.17/0.13 0.12/0.13/0.13/0.13/0.13 0.13/0.17/-/-/-

50...20/50...20/50...20 -/-/-/-/- 50...20/50...20/50...20 200...50/220...90/300...200 50...20/50...20/50...20 200...50/-/-

DC3/moderately durable DC5/not durable DC4/slightly durable DC4/slightly durable DC3/moderately durable DC1/very durable

DGA AHboth FI BUboth KI both

Common name, botanical name, DIN 4076 abbreviation

Colour of wood, sapwood/heartwood

Average density [kg/m3]

Theoretical differential shrinkage in % per 1% moisture change, radial/tangential

Dimensional and form stability 

Resistance to fungal attack

Resistance to insect attack

1) Availability of Sawn lumber/finger jointed and bending strength [N/mm2]

2) Availability of Glued laminated timber and bending strength [N/mm2]

3) Availability of Cross laminated timber and bending strength [N/mm2]

4) Availability of Laminated veneer lumber and bending strength [N/mm2]

5) Availability of Structural plywood/OSB

Burnrate (1-5) [mm/min]
 

Thermal conductivity (1-5) [W/mK]

Water vapour diffusion resistance (1-5) [µ]

Highest durability class

Softwoods

Common name, botanical name, DIN 4076 abbreviation

Douglas fir Spruce Scots pine (European redwood) European larch
PsPP eudotsuga menznn iezz sii PicePP a abies PinPP us sylyy vestrirr sii Larirr x ii decidua

DGA FI KI LA

Applications

Highly stressed internal uses, tim- Important European building tim- Important European building tim- Highly stressed internal and
ber preservative required exter- ber, internal uses, timber preser - ber, internal uses, timber preser- external uses, furniture, lin-
nally, floor coverings, shipbuilding, vative required externally, frames, vative required externally, windows, ings, fittings
veneer for plywood, staves core and veneer for plywood, furniture (solid and veneered), lin-

poles, crates, industrial uses ings, mining uses, industrial uses,
floor coverings

Colour of wood, sapwood/heartwood

yellowish white/reddish brown, early wood yellowish white, light yellowish white/reddish white,  yellowish/reddish brown, darken-
darkening, late wood dark late wood reddish yellow, sap- turning to brown, late wood darker ing, late wood very dark brown

wood and heartwood not distinct

Macroscopic-anatomical features: distribution of late and early wood, resin ducts

wide late wood, distinct cut-off, narrow but distinct late wood, distinct late wood, wide, distinct late wood,
resin ducts resin ducts many resin ducts resin ducts

Macroscopic-anatomical features: grain orientation, texture, appearance

plain to decorative plain to decorative plain to decorative plain to decorative
(plain sawn section) (plain sawn section) (plain sawn section) (plain sawn section)

AvAA erage density rN [g/cm3] for a moisture content of 12–15%

0.51...0.58 0.43...0.47 0.51...0.55 0.54...0.62

Theoretical amount of diffeff rential shrinkage in % per 1% moisture change, radial

0.15...0.19 0.15...0.19 0.15...0.19 0.14...0.18

Theoretical amount of diffeff rential shrinkage in % per 1% moisture change, tangential

0.24...0.31 0.27...0.36 0.25...0.36 0.28...0.36

Dimensional and form stability

good good moderate to good good

Resistance (of heartwood) to fungal attack

moderate, low, low to moderate, moderate to low
sapwood vulnerable to blue stain vulnerable to blue stain sapwood highly vulnerable

blue stain

Resistance (of heartwood) to insect attack

moderate low low moderate to high

Growing regions 

west coast of North America, Europe Europe, central Europe
cultivated in Europe northwest Asia

Sources: Sell, J.: EigenEE schaftff en und KenngKK rörr ssen von Holzll azz rten, Zurich-Dietikon, 1987; Holzll -Lexee ikonxx , Stuttgart, 1993; Info-Dienst Holz, 04/2000
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Hardwoods

Dark rk ed meranti, Merbau Robinia Teak
Shorerr a spp.s esp. S. pauciflorarr KingKK InII tsiaii bijii ujj ga etc. Robiniaii pseudoacaciaii L. TecTT tona grarr ndisii
MER MEB ROB TEK

Its wide variation in properties Highly stressed uses with good Structural timber for highly In solid and veneered forms for
makes it suitable for highly stressed dimensional stability, floor cove- stressed internal and external furniture, floor coverings, linings,
internal and external uses, espe- rings, laboratory and work ben- uses, stairs, floor coverings, piles internal and external uses with
cially windows, doors, shipbuilding, ches, shipbuilding (also without chemical timber pre- high dimensional accuracy, not
park benches; light red meranti servative like the heartwood of oak) permitted for loadbearing
is suitable for linings, furniture constructions, shipbuilding, labo-
and lightweight constructions ratory fittings

yellowish grey to pink-grey/ yellowish white/light brown to light yellow to greenish yellow/ grey/gold-yellow, later medium to
reddish brown reddish brown, darkening greenish yellow to olive yellow, dark brown, often narrow black

(similar to afzelia) later shiny gold-brown streaks, shiny

scattered, large, vertical scattered, large ring-porous, large loose ring-porous,
resin ducts in tangential rings large in early wood

slightly spiral grain, growth light to medium spiral grain, boundaries of growth rings distinct, Growth zones distinct, no spiral
zones not distinguishable, growth zones distinguishable, mostly only short, straight-grain grain, streaked or variegated due
plain to decorative decorative segments possible, often severely to ring-porosity and figure,

speckled, decorative highly decorative

0.54...0.76 0.81...0.90 0.74...0.80 0.59...0.70

0.14...0.18 0.13 0.20...0.26 0.13...0.15

0.29...0.34 0.26 0.32...0.38 0.24...0.29

good very good moderate very good

high to moderate very high very high very high

moderate to high high to very high high very high
(termite-resistant)

southeast Asia southeast Asia, Madagascar, southeastern North America, southeast Asia,
Papua New Guinea cultivated in Europe and elsewhere cultivated in other tropical regions
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Softwoods

Pine Fir Western hemlock Western red cedar
PinPP us palustrll irr sii , P. rigidrr add , P. tatt edadd Abies alball TsuTT ga heterorr phyllyy all ThTT uju ajj plicatatt Donn
and 3 other PinPP us spieces
PIP TA HEM RCW

As pitch pine (heartwood) As for spruce: internal uses, Moderately stressed inter- Low-stressed internal and
for highly stressed internal timber preservative required nal uses, windows, linings, external uses with good dimen-
and (with preservative) externally, fittings, linings, saunas, core and veneer sional stability, linings, shakes
external uses, internal inner plies of plywood, crates, for plywood and shingles
floor coverings, plywood; poles, industrial uses
as red pine (sapwood) for
internal uses

yellowish/reddish yellow to early wood almost white early wood light brownish grey white/red-brown, darkening,
reddish brown/late wood late wood pale reddish occasionally lighter streaks, late wood darker
dark sapwood and heartwood late wood darkening slightly, sap-

not distinct wood and heartwood not distinct

late wood mostly very wide, late wood distinct, late wood less distinct, narrow late wood,-
many resin ducts no resin ducts no resin ducts no resin ducts

conspicuously large proportion plain to decorative plain plain to decorative
of late wood determining the (plain sawn section) (plain sawn section)
appearance, plain to decorative

0.51...0.69 0.43...0.48 0.46...0.50 0.36...0.39

0.18 0.12...0.16 0.11...0.13 0.07...0.09

0.29...0.33 0.28...0.35 0.24...0.25 0.20...0.24

moderate to good good good very good

sapwood low, low, low to moderate very high
heartwood moderate vulnerable to blue stain

low to moderate low low high

southern and southeastern central and southern Europe northwestern North America, northwestern North America
North America, Central America cultivated in Europe
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Softwoods

Pine Fir Western hemlock Western red cedar
PinPP us palustrll irr sii , P. rigidrr add , P. tatt edadd Abies alball TsuTT ga heterorr phyllyy all ThTT uju ajj plicatatt Donn
and 3 other PinPP us spieces
PIP TA HEM RCW

As pitch pine (heartwood) As for spruce: internal uses, Moderately stressed inter- Low-stressed internal and
for highly stressed internal timber preservative required nal uses, windows, linings, external uses with good dimen-
and (with preservative) externally, fittings, linings, saunas, core and veneer sional stability, linings, shakes
external uses, internal inner plies of plywood, crates, for plywood and shingles
floor coverings, plywood; poles, industrial uses
as red pine (sapwood) for
internal uses

yellowish/reddish yellow to early wood almost white early wood light brownish grey white/red-brown, darkening,
reddish brown/late wood late wood pale reddish occasionally lighter streaks, late wood darker
dark sapwood and heartwood late wood darkening slightly, sap-

not distinct wood and heartwood not distinct

late wood mostly very wide, late wood distinct, late wood less distinct, narrow late wood,-
many resin ducts no resin ducts no resin ducts no resin ducts

conspicuously large proportion plain to decorative plain plain to decorative
of late wood determining the (plain sawn section) (plain sawn section)
appearance, plain to decorative

0.51...0.69 0.43...0.48 0.46...0.50 0.36...0.39

0.18 0.12...0.16 0.11...0.13 0.07...0.09

0.29...0.33 0.28...0.35 0.24...0.25 0.20...0.24

moderate to good good good very good

sapwood low, low, low to moderate very high
heartwood moderate vulnerable to blue stain

low to moderate low low high

southern and southeastern central and southern Europe northwestern North America, northwestern North America
North America, Central America cultivated in Europe
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Hardwoods

Common name, botanical name, DIN 4076 abbreviation

Maple Ekki (azobé) Beech (European beech) Oak
Acer pseudoplall tatt nus/ss p// lall tatt noides L. Lophirii arr alall tatt FaFF gus sylyy vavv tictt a Quercrr us rorr bur,rr Q.petrarr ea
AH AZO BU EI

Applications

For fittings and wood turning, es- Highly stressed uses in agriculture Moderate to highly stressed internal Highly stressed, internal
pecially decorative with wavy grain, and hydraulic engineering, e.g. uses, parquet flooring, sleepers and external uses, parquet
furniture, kitchen equipment, musi- bridges, locks, ramps, underground (impregnated), for wood turning, flooring, storage barrels; narrow-
cal instruments, parquet flooring railway sleepers, parquet flooring veneer for plywood, industrial uses ringed quality: high-quality

veneers

Colour of wood, sapwood/heartwood

yellowish white, tendency to yellow, light red-brown/very dark rk ed-brown light yellowish to reddish grey, oftff en grey/grey-yellow, darkening
satin shine, sapwood and heart- with pale violet shade speckled, cloudy red-brown to light to dark brown
wood barely distinguishable heartwood, sapwood and

heartwood barely distinguishable

Macroscopic-anatomical features: distribution of late and early wood, resin ducts

scattered, small scattered, large scattered, small, rays ring-porous, large
sometimes very wide and distinct

Macroscopic-anatomical features: grain orientation, texture, appearance

decorative wavy grain common, spiral grain, growth zones indistinct, growth rings moderately distinct, growth rings very distinct,
boundaries of growth rings distinct, plain to decorative plain decorative
decorative

AvAA erage density rN [g/cm3] for a moisture content of 12–15%

0.61...0.66 1.02...1.12 0.70...0.79 0.65...0.76

Theoretical amount of diffeff rential shrinkage in % per 1% moisture change, radial

0.10...0.20 0.30...0.32 0.19...0.22 0.18...0.22

Theoretical amount of diffeff rential shrinkage in % per 1% moisture change, tangential

0.22...0.30 0.4 0.38...0.44 0.28...0.35

Dimensional and form stability

moderate to good low to moderate low moderate

Resistance (of heartwood) to fungal attack

very low, high very low high
also with respect to blue stain

Resistance (of heartwood) to insect attack

very low to common furniture beetle very high low high
and other insects

Growing regions

Europe to Asia minor west Africa Europe Europe
Sources: Sell, J.: EigenEE schaftff en und KenngKK rörr ssen von Holzll azz rten, Zurich-Dietikon, 1987; Holzll -Lexee ikonxx , Stuttgart, 1993; Info-Dienst Holz, 04/2000
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Oak, Quercus robur, Q. petraea
EI

European Larch, Larix decidua
LA

Robinia, Robinia pseudoacacia,
ROB

Pine, Pinus palustris, P. rigida, + 4,
PIP

Fir, Abies alba,
TA

Birch, Betula pendula L.,
---

grey/grey-yellow, darkening to light 
to dark brown

yellowish/reddish brown, darken-ing, 
late wood very dark brown

light yellow to greenish yellow/gree-
nish yellow to olive yellow

yellowish/reddish yellow to reddish 
brown/late wood dark

early wood almost white, late wood 
pale reddish

yellowish-white or reddish-white to 
light brownish

430...690...960 470...600...650 720...740...800 530...540...550 350...450...550510...650...830

0.18...0.22/0.28...0.35 0.14...0.18/0.28...0.36 0.13...0.15/0.24...0.29 0. 18/0.29...0.33 0.12...0.16/0.28...0.350.18...0.24/0.26...0.31

moderate good very good moderate to good goodgood

high moderate to low very high sapwood low, heartwood moderate lowlow

high moderate to high very high 
(termite-resistant)

low to moderate lowlow

yes/no yes/yes yes/yes yes/yes yes/yesyes/no

yes...31.5/59.0 yes no* yes yesyes

no yes no* rarely yesyes...38.0

no no no* yes nono

no/no no/no* no* yes/yes yes/yesyes/no...42.9-36.8

0.50/0.50/-/-/- 0.65/0.65/0.65/-/-* 0.50/-/-/-/-* 0.65/0.65/0.65/0.65/0.65* 0.65/0.65/0.65/-/0.65*0.50/0.50/0.50/-/0.90

0.13/0.17/-/-/- 0.11/0.13/0.13/-/- 0.13/-/-/-/-* 0.12/0.13/0.13/0.13/0.13 0.10/0.13/0.13/-/0.130.13/0.17/0.17/-/0.13

200...50/-/- 50...20/50...20/- 200...50/-/- 50...20/50...20/50...20 50...20/-/50...20200...50/220...90/300...200

DC1/very durable DC3/moderately durable DC1/very durable DC4/slightly durable DC4/slightly durableDC5/not durable

EI LA ROBboth PIP ---both TA both

Softwoods

Pine Fir Western hemlock Western red cedar
PinPP us palustrll irr sii , P. rigidrr add , P. tatt edadd Abies alball TsuTT ga heterorr phyllyy all ThTT uju ajj plicatatt Donn
and 3 other PinPP us spieces
PIP TA HEM RCW

As pitch pine (heartwood) As for spruce: internal uses, Moderately stressed inter- Low-stressed internal and
for highly stressed internal timber preservative required nal uses, windows, linings, external uses with good dimen-
and (with preservative) externally, fittings, linings, saunas, core and veneer sional stability, linings, shakes
external uses, internal inner plies of plywood, crates, for plywood and shingles
floor coverings, plywood; poles, industrial uses
as red pine (sapwood) for
internal uses

yellowish/reddish yellow to early wood almost white early wood light brownish grey white/red-brown, darkening,
reddish brown/late wood late wood pale reddish occasionally lighter streaks, late wood darker
dark sapwood and heartwood late wood darkening slightly, sap-

not distinct wood and heartwood not distinct

late wood mostly very wide, late wood distinct, late wood less distinct, narrow late wood,-
many resin ducts no resin ducts no resin ducts no resin ducts

conspicuously large proportion plain to decorative plain plain to decorative
of late wood determining the (plain sawn section) (plain sawn section)
appearance, plain to decorative

0.51...0.69 0.43...0.48 0.46...0.50 0.36...0.39

0.18 0.12...0.16 0.11...0.13 0.07...0.09

0.29...0.33 0.28...0.35 0.24...0.25 0.20...0.24

moderate to good good good very good

sapwood low, low, low to moderate very high
heartwood moderate vulnerable to blue stain

low to moderate low low high

southern and southeastern central and southern Europe northwestern North America, northwestern North America
North America, Central America cultivated in Europe
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Softwoods

Pine Fir Western hemlock Western red cedar
PinPP us palustrll irr sii , P. rigidrr add , P. tatt edadd Abies alball TsuTT ga heterorr phyllyy all ThTT uju ajj plicatatt Donn
and 3 other PinPP us spieces
PIP TA HEM RCW

As pitch pine (heartwood) As for spruce: internal uses, Moderately stressed inter- Low-stressed internal and
for highly stressed internal timber preservative required nal uses, windows, linings, external uses with good dimen-
and (with preservative) externally, fittings, linings, saunas, core and veneer sional stability, linings, shakes
external uses, internal inner plies of plywood, crates, for plywood and shingles
floor coverings, plywood; poles, industrial uses
as red pine (sapwood) for
internal uses

yellowish/reddish yellow to early wood almost white early wood light brownish grey white/red-brown, darkening,
reddish brown/late wood late wood pale reddish occasionally lighter streaks, late wood darker
dark sapwood and heartwood late wood darkening slightly, sap-

not distinct wood and heartwood not distinct

late wood mostly very wide, late wood distinct, late wood less distinct, narrow late wood,-
many resin ducts no resin ducts no resin ducts no resin ducts

conspicuously large proportion plain to decorative plain plain to decorative
of late wood determining the (plain sawn section) (plain sawn section)
appearance, plain to decorative

0.51...0.69 0.43...0.48 0.46...0.50 0.36...0.39

0.18 0.12...0.16 0.11...0.13 0.07...0.09

0.29...0.33 0.28...0.35 0.24...0.25 0.20...0.24

moderate to good good good very good

sapwood low, low, low to moderate very high
heartwood moderate vulnerable to blue stain

low to moderate low low high

southern and southeastern central and southern Europe northwestern North America, northwestern North America
North America, Central America cultivated in Europe
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Softwoods

Pine Fir Western hemlock Western red cedar
PinPP us palustrll irr sii , P. rigidrr add , P. tatt edadd Abies alball TsuTT ga heterorr phyllyy all ThTT uju ajj plicatatt Donn
and 3 other PinPP us spieces
PIP TA HEM RCW

As pitch pine (heartwood) As for spruce: internal uses, Moderately stressed inter- Low-stressed internal and
for highly stressed internal timber preservative required nal uses, windows, linings, external uses with good dimen-
and (with preservative) externally, fittings, linings, saunas, core and veneer sional stability, linings, shakes
external uses, internal inner plies of plywood, crates, for plywood and shingles
floor coverings, plywood; poles, industrial uses
as red pine (sapwood) for
internal uses

yellowish/reddish yellow to early wood almost white early wood light brownish grey white/red-brown, darkening,
reddish brown/late wood late wood pale reddish occasionally lighter streaks, late wood darker
dark sapwood and heartwood late wood darkening slightly, sap-

not distinct wood and heartwood not distinct

late wood mostly very wide, late wood distinct, late wood less distinct, narrow late wood,-
many resin ducts no resin ducts no resin ducts no resin ducts

conspicuously large proportion plain to decorative plain plain to decorative
of late wood determining the (plain sawn section) (plain sawn section)
appearance, plain to decorative

0.51...0.69 0.43...0.48 0.46...0.50 0.36...0.39

0.18 0.12...0.16 0.11...0.13 0.07...0.09

0.29...0.33 0.28...0.35 0.24...0.25 0.20...0.24

moderate to good good good very good

sapwood low, low, low to moderate very high
heartwood moderate vulnerable to blue stain

low to moderate low low high

southern and southeastern central and southern Europe northwestern North America, northwestern North America
North America, Central America cultivated in Europe
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Fir, Abies alba,
TA

Western hemlock, Tsuga heterophy.,
HEM

Western red cedar, Thuja plicata D.,
RCW

Poplar, Populus Nigra L..,
---

Ash, Fraxinus excelsior,
----

Chestnut, Castanea sativa Mill.,
---

early wood almost white, late wood 
pale reddish

early wood light brownish grey, 
occasionally lighter streaks

white/red-brown, darkening, late 
wood darker

Sapwood grey-white to yello-
wish-white, heartwood lightbrown

single-coloured yellowish-light to 
reddish

sapwood grey-white to yellowish
-white, heartwood yellow-brown

350...450...550 440...490...520 330...370...390 410...450...560450...690...860570...630...660

0.12...0.16/0.28...0.35 0.11...0.13/0.24...0.25 0.07...0.09/0.20...0.24 0.18...0.24/0.26...0.31*0.17/0.260.18...0.24/0.26...0.31*

good good very good lowgoodgood

low low to moderate very high lowlowhigh

low low high lowlowhigh

yes/yes yes/yes* yes/yes* yes/noyes/noyes/no

yes yes yes yesyesyes...30.0

yes no no nonono

no no no nonono

yes/yes no/no* no/no* yes/yes...18.0-14.8no/nono/no

0.65/0.65/0.65/-/0.65* 0.65/0.65/-/-/-* 0.65/0.65/-/-/-* 0.50/0.50/-/-/0.900.50/0.50/-/-/-0.50/0.50/-/-/-

0.10/0.13/0.13/-/0.13 0.09/0.13/-/-/- 0.09/0.13/-/-/- 0.13/0.17/-/-/0.130.13/0.17/-/-/-0.13/0.17/-/-/-

50...20/-/50...20 50...20/-/- 50...20/-/- 200...50/-/300...200200...50/-/-200...50/-/-

DC4/slightly durable DC4/slightly durable DC2/durable DC5/not durable

Sources:   Kaufm
ann, H

., Krötsch Stefan, &
 W

inter, S. (2018). M
anual of m

ulti-storey tim
ber construction (Ser. Edition detail). D

etail Business Inform
ation. https:/

/
doi.org/

10.11129/
9783955533953

 
  H

erzog, T. (2004). Tim
ber construction m

anual (Ser. Edition detail). D
ETA

IL - Institut für internationale A
rchitektur-D

okum
entation G

m
bH

 &
 C

o. KG
. https:/

/
doi.org/

10.11129/
detail.9783034614634

 
  M

erz, K., N
iem

ann, A
., &

 Torno, S. (2021). Building w
ith hardw

ood (1st ed.). D
ETA

IL Business Inform
ation G

m
bH

.

DC5/not durableDC1/very durable

---both HEM ---both RCW ---both

Variant E5 (base)

Floors:
Spruce joists and 

beams, spruce plate 
and concrete topping

Beams:
Steel HE220A, 

S355

Columns:
Steel HE220B, 

S355

Variant A1.1

Floors:
Spruce joists and 

beams, spruce plate 
and concrete topping

Beams:
Beech LVL, 

GL75

Columns:
Beech LVL, 

GL75

Variant A1.2

Floors:
Spruce joists and 

beams, spruce plate 
and concrete topping

Beams:
Spruce LVL, 

GL28

Columns:
Spruce LVL, 

GL28

Variant A4.1

Floors:
120mm-3s spruce CLT 
and concrete topping

Beams:
Beech LVL, 

GL75

Columns:
Beech LVL, 

GL75

Variant A4.2

Floors:
120mm-3s spruce CLT 
and concrete topping

Beams:
Spruce LVL, 

GL28

Columns:
Spruce LVL, 

GL28

Variant E8

Floors:
Steel-concrete 

composite slab and 
concrete topping

Beams:
Steel HE240A, 

S355

Columns:
Steel HE240B, 

S355

Variant F9.1

Floors:
Hollow-core slabs and 

concrete topping

Beams:
Concrete, 
C90/105

Columns:
Concrete, 
C90/105

Variant F9.2

Floors:
Hollow-core slabs and 

concrete topping

Beams:
Concrete, 

C45/55

Columns:
Concrete, 

C45/55

E5

E5

E5

E5

E5

E5

E5

E5

A1.1

A1.1

A1.1

A1.1

A1.1

A1.1

A1.1

A1.1

A1.2

A1.2

A1.2

A1.2

A1.2

A1.2

A1.2

A1.2

A4.1

A4.1

A4.1

A4.1

A4.1

A4.1

A4.1

A4.1

A4.2

A4.2

A4.2

A4.2

A4.2

A4.2

A4.2

A4.2

Total Volume [M³]

Total Water Use [m³]

Total Weight [t]

Total Ozone Depletion Potential [μg R11 eq.]

Total Embodied Energy [MJ]

Total Eutrophication Potential [g PO₄ eq.]

Total Global Warming Potential [kg CO₂ eq.]

Total Acidification Potential [g SO₂ eq.]

3.000

12.000

14.000

6.000

7.000

0,06

3,00 E+07

12.000

14.000

16.000

2,50 E+06

6.000

2.500

10.000

5.000

0,05

2,50 E+07

10.000

2,00 E+06

5.000

2.000

8.000

4.000

0,04

2,00 E+07

8.000

1,50 E+06

4.000

1.500

6.000

3.000

0,03

1,50 E+07

6.000

1,00 E+06

3.000

1.000

4.000

2.000

0,02

1,00 E+07

4.000

0,50 E+06

2.000

500

2.000

1.000

0,01

5,00 E+06

2.000

0,00

1.000

0

0

0

0,00

0

0

-0,50 E+06

-1,00 E+06

-1,50 E+06

0

E8

E8

E8

E8

E8

E8

E8

E8

F9.1

F9.1

F9.1

F9.1

F9.1

F9.1

F9.1

F9.1

F9.2

F9.2

F9.2

F9.2

F9.2

F9.2

F9.2

F9.2

Honkalahti Sawmill, Honkalahti Sawmill, 
FinlandFinland

Pollmeier Creuzburg, Pollmeier Creuzburg, 
GermanyGermanyEnci Botlek, Enci Botlek, 

RotterdamRotterdam

Tata Steel, Tata Steel, 
IjmuidenIjmuiden

E5 A1.1 A1.2 A4.1 A4.2

Environmental Impact of Transport

E8 F9.1 F9.2

How can the structure of multistorey timber buildings be designed 
when taking material efficiency as a guiding principle?

Mick van de Leur
Architectural Engineering graduation studio
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