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A STRATEGY FOR INDIGENOUS WOOD ARCHITECTURE
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problem

Natuur:
646.000 ha (15,55%)

Bos: 348.700 ha (8,39%)
Open natuur: 297.300 ha (7,16%)

Agrarisch:
1.878.200 ha (45,21%)

4.154.303 ha

Totaal 4.154.300 ha
2022

Water:
788.200 ha (18,97%)

Bouw/stedelijk groen/recreatie:
841.900 ha (20,27%)

9,0% Quercus robur/patraea
28,0% Pinus sylvestris

2,6% Quercus rubra
3,6% Pinus nigra
4,6% Pseudotsuga menziesii
2,7% Picea abies
4,5% Larix sp.

6,3% Betula sp.
4,0% Fagus sylvatica
2,7% Fraxinus excelsior
1,0% Acer sp.
8,9% Quercus robur/patraea
2,4% Populus sp.
1,8% Salix sp.
2,6% Alnus glutinosa

3,3% Other deciduous
0,8% Other coniferous
11,2% Undetermined
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Building system to ecosystem Ecosystem to building system

Resilient indigenous forests

Resulting products

New architectural framework

Vulnerable exotic forests

Desired products

Standardized architectural framework

vision
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A50

A50

Site



6

vision

ecosystem to building system
• resilient indigenous forests
• local material yield
• new architecural framework

public proximity
• attracting visitors
• providing activities
• encouraging innovation

Beekbergerwoud
(NNN/EHS)

Woudhuis
(NNN/EHS)

A1

A1

A50

A50

Site
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vision

ecosystem to building system
• resilient indigenous forests
• local material yield
• new architecural framework

public proximity
• attracting visitors
• providing activities
• encouraging innovation

Site

Hiking

Hiking

Biking

Biking
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Bank reinforced
with L-elements

Bird spotting
silo

Historical
Hiking

Bike parking

Biomeiler (ca. 600 m³)

Type 1

Trench silo parking

Log pond

Hortus

Type 2

Machines & vehicles

Bio waste storage

Type 3

6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

50

Max.
1.400
m³/h

n=1
130 m³/h

2x

75

6

Beuken

50

n=3
6000 m³/h

150

30

n=6
530 m³/h

60

n=3
1900 m³/h

70

50

26

30

26

12 6

n=15
2100 m³/h

70

Essen

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

12

Essen

170

Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h

7 L/s per toilet
= 202 m³/h total

n=5
6000 m³/h

40

50

30

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

10
-6

-1
0

150

n=6
2500 m³/h

50

60

50

60

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

3,2 L/s per m² shaft
= 91 m³/h total

2x

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h

21 L/s kitchen
= 76 m³/h total

Max.
4.500
m³/h

50

145

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

n=6
530 m³/h

40

26

50

n=5
4000 m³/h

n=6
1100 m³/h

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

30

60

Haagbeuken

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

10
-6

-1
0

n=1
130 m³/h

6

26

Beuken

60

2x
190

n=4
2500 m³/h

Eiken

2x

Haagbeuken

20

26

26

40

6

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

6

5-7-10-6-10-7-5

1 L/s/m²
= 151 m³/h

50

1 L/s/m²
= 151 m³/h

2x

26

190

40

26

n=6
1100 m³/h

50

10-6-10

30

5-7-10-6-10-7-5

40

50

170

60

50

10-6-10

6

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW 60m² * 2,6m = 156m³

156*75 = 12 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW 60m² * 2,6m = 156m³

156*75 = 12 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW 60m² * 2,6m = 156m³

156*75 = 12 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Bike parking

Biomeiler (ca. 600 m³)

Type 1

Trench silo parking

Log pond

Hortus

Type 2

Machines & vehicles

Bio waste storage

Type 3

6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

50

Max.
1.400
m³/h

n=1
130 m³/h

2x

75

6

Beuken

50

n=3
6000 m³/h

150

30

n=6
530 m³/h

60

n=3
1900 m³/h

70

50

26

30

26

12 6

n=15
2100 m³/h

70

Essen

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

12

Essen

170

Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h

7 L/s per toilet
= 202 m³/h total

n=5
6000 m³/h

40

50

30

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

10
-6

-1
0

150

n=6
2500 m³/h

50

60

50

60

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

3,2 L/s per m² shaft
= 91 m³/h total

2x

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h

21 L/s kitchen
= 76 m³/h total

Max.
4.500
m³/h

50

145

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

n=6
530 m³/h

40

26

50

n=5
4000 m³/h

n=6
1100 m³/h

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

30
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Haagbeuken

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total
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2x
190

n=4
2500 m³/h

Eiken

2x

Haagbeuken

20

26

26

40

6

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

6

5-7-10-6-10-7-5

1 L/s/m²
= 151 m³/h

50

1 L/s/m²
= 151 m³/h

2x

26

190

40

26

n=6
1100 m³/h

50

10-6-10

30

5-7-10-6-10-7-5

40

50

170

60

50

10-6-10

6

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW 60m² * 2,6m = 156m³

156*75 = 12 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/

27
20

0

N

44
00

N

44
00

49
0

Roof       Plan
Scale   1:200

Existing cellars

6600

44
00

58005550 5250

Triple glazing
(U: 0,8 W/m²K)

570

110

Existing
foundation

Ground Floor
Scale   1:200

Insulation board (170 mm)
Rc: 5,0 W/m²K

- 850

490

110

K

Existing
foundation

Concrete or lime-sandstone

44
00

250

Installations

50

10
0

125

3500

250

- 200

150

5000

33
0

Oak window frame (exterior)

Ash framework

Triple glazing (U: 0,8 W/m²K)

- 1.050

525

00 (top floor)

27
0

Oak window frame (exterior)

- 1.050

Beams x-direction variable
height (350-440 mm)

5000

Ash framework

44
00

Bearing

+3.300 (top beam)

+3.360 (top floor)

130

5000

60

Hornbeam sill

6600

Roof (Rc: 6,3 m²K/W)
- Bitumen roofing (6 mm)
- Rigid insulation panels
- Alder LVL sheeting (32 mm)
- Ash beams (300 mm)

130

5250

44
00

44
00

+3.300 (top beam)

44
00

538

25

Elevation
Scale   1:200

+ 9.150

1150

5000

5450

48190

+ 2.750

Floor
- Hornbeam flooring (12 mm)
-  Cork underfloor (6 mm)
- Insulated ribbed Alder LVL
construction floor (250 mm)
- Ash beams (variable height)

Detail First Floor (V2)
1:5 (scaled to 1:10)

515

300

5550

Cascaded curtain wall
facade frame

5550

3300

00 (top floor)

12

44
00

4400 4400

200

5800

730

Ash framework

16
50

44
00

5800 5250 5250

5250

44
00

44
00

5
kN/m²

Extra beam height
(350 mm)

3500

Manhole

44
00

5800

Opening for staircase

44
00

5250

300

200 160

130

5550

5250

Mounting bracket

11
0

13
0

11
0

3500

Bird box

5450

4400

Coated frame anchor

H

+ 3.300

48200

+ 8.270

44
00

Detail Roof (V3)
1:5 (scaled to 1:10)

44
00

N

+ 7.150

16
50

K

Rib floor
270mm

26
8

49
0

K

Roof (Rc: 6,3 m²K/W)
- Bitumen roofing (6 mm)
- Rigid insulation panels (200 mm)
- Alder LVL sheeting (32 mm)
- Ash beams (300 mm)

Cascaded curtain wall
facade frame

Rib floor
250mm

44
00

Insulation

5
kN/m²

+8.270

Frame fixed to column
with hornbeam spline

Seal

130

+9.150

- 200

250

Triple glazing (U: 0,8 W/m²K)

25
0

13
0

+3.300
(top beam)

250

Triple glazing (U: 0,8 W/m²K)

5

Rib floor
250mm

3060

+ 5.785

4400

+ 3.350 (top floor)

-2.330 (top floor cellar)

4400

-2.000 (top floor cellar)

K

Detail Ground Floor (V1)
1:5 (scaled to 1:10)

K

6600 5250

4

5800

250

Detail Window (H2)
1:5 (scaled to 1:10)

200

Hornbeam sill

4400

Ground Floor
Scale   1:200

+ 9.150

+ 5.500

3500

Section BB'
Scale   1:200

28960

+5.500 (top beam //)

5450

3500

-330 (top cellar)

5250

80

32

Beams y-direction
mostly 300x130 mm

44
00

44
00

4400

5450 5000

44
00

Ash framework

24
5

N

First       Floor
Scale   1:200

5000

5250

44
00

Truss construction (1100 mm) with
Hornbeam crotch joints

Roof       Plan
Scale   1:200

5250

5

5000

5450

160

22
00

N

48200

525055505800

5450

25
0

44
00

5000

+ 5.485

5000

+7.150

44
00

Detail Floor (V2)
1:5 (scaled to 1:10)

44
00

Bearing

5000

44
00

27
20

0

K

5000

+9.150

44
00

00 (top floor)

250 190

Detail Ground Floor (V1)
1:5 (scaled to 1:10)

-2.330 (top cellar slab)

250

+3.350
(top floor)

Curtain wall frame mounted on spline

1940

25
0

3500

Oak window frame (exterior)

44
00

Triple glazing (U: 0,8 W/m²K)

250

Ash framework

Hornbeam sill

Hornbeam sill

- Screed (60 mm)
- Insulated ribbed floor (270 mm)

125150

25
0

K

130

22

-850 (top pier)

525

60
27

0

44
00

Seal pane with oak clamp

44
00

32

+3.360 (top floor)

Oak cover

K

- Screed (60 mm)
- Insulated ribbed floor (270 mm)

00 (top floor)

27
8

136

Hidden frame curtain wall system

240

Detail Window (H1)
1:5 (scaled to 1:10)

6600

First       Floor
Scale   1:200

N

Rib floor
270mm

44
00

5000

Framing

5
kN/m²

5
kN/m²

Hydraulic elevator
system

6600

6600

16
50

16
50

-2.000 (top floor cellar)

Section AA'
Scale   1:200

Wall (Rc: 5,0 m²K/W)
- Alder Multiplex (12 mm)
- Nettle insulation (170 mm)
- Wood fibre board (60 mm)
- Slats (22 mm)
- Oak finish (25 mm)

North Facade

538

Shrinkage control mesh

Triple glazing
(U: 0,8 W/m²K)

490

24
5

33
0

Hornbeam spline visible

190

+8.270

2375

+6.050 (top beam )

00 (top floor)

Oak window frame (exterior)

- Hornbeam flooring (22 mm)
-  Cork underfloor (6 mm)
- Insulated ribbed Alder LVL
construction floor (250 mm)
- Ash beams (variable height)

Insulation board (200 mm)

K

- 850

4

5550

Detail Gutter (V4)
1:5 (scaled to 1:10)

Coated mounting bracket

4

A

H

K

K

FE

F

6

2

D

1

K

7

D A

1

A'

H

5

C

4

C

7

3

6

B J

2

7

5

BA

3

J

G

C F

6

2

4

G H

6 5

1650

2

B

B

1

7

5

7

CA

C

3

4

J D

1

B

A'

1

B

GD

D K

2 1

F

Linetypescale 50

7

J

3

6

7

B

6

Linetypescale 200

3

4

J

B'

K

GA EF

H

5

GEB

1

H

2

6

GA JH

K

FD

G

2

3

1

2

B'

7

5

A

6

5

D H

C

A

A

4

E J

3

E

4

3

E

5

Linetypescale 10

F

B

C E

4

K

W
oo

dw
or

ki
ng

Air DryingLo
g

Po
nd

(Steaming)    Debarking     Milling

Machines &

Vehicles

Lo
bb

y 
&

 S
ho

p

R
ec

ep
tio

n

Historical Hiking

N

Historical Hiking

In
no

va
ti

on

Interior Production Chain

Workshops

S
ho

p

Recreation Historical Path

Vi
ew

Exhibition Space

V
ie

w

Public Exhibition

architectural
tectonics

dimensions temporality



10

ecosystem to building system

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

6,4

4,6

2,0

5,2

17,4

1:2

14,1
13,6

5,7

4,4

16,1

Oak: 46 m³/ha
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LarchPineAsh

D18 ?

0

1

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Els
- Fijn timmerwerk (lijsten)
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Ilex aquifolium (Holly)
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Grade 4:
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Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)
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1 OAK1 HORNBEAM

Species Growth & Productivity

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Bird Cherry
(Prunus padus)

C18

1 ASH

D45 ?

Live/Plain Sawn

Beech

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

0

Carpinus betulus (Hornbeam, 50 y)

Fraxinus excelsior (Ash, 75 y)

Spindle
Guelder Rose

Alder
(30x30)

0

// σ-tensile (yield) [MPa]

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

Bending

0

0

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Alder

0

Fir

Dogwood
Honeysuckle

Hawthorn

0

C14C14C14

C30C30

D40 D40

100

0 0 0

C18 C18

European Ash
(Fraxinus excelsior)

00

C18

35

C35

30

D35

20

40

C24

15

10

5

C24 C24 C22

20

30

40

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Modified Queen Roof Truss

70

0

0

D18 ?

Fink Roof Truss

Howe Roof Truss

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

0,5 kN

0,2 kN0,2 kN0,2 kN

Beech (GG)

-50

-100

-250

Beech (5)

100

150

50 kN

20 kN20 kN

0 50 100

Ash (5)

Oak (2-3)

Beech

Alder
(50x50)

0

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Fraxinus excelsior (Ash)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Hornbeam
(Carpinus betulus)

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Howe Bridge Truss

Hornbeam

Crataegus laevigata (Hawthorn)

D18 ?

Lonicera periclymenum (Honeysuckle)

50 100

Summer Oak
(Quercus robur)

Dry & Shade Humid/Dry & Light/Shade Humid & Light Wet (standing) & Light

Honeysuckle
Dog Rose

Ash-Oak ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen
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Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

2

7

5

King Post Roof Truss

Oak Larch

-50

Spruce

50

Beech

Pratt Bridge Truss

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y
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Ash

// σ-shear [MPa]   &      σ-shear [MPa]

50 100 150

European Ash
(Fraxinus excelsior)

0

80

20

-150

40

// D40

60
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// C14

160

// C35

200

Hornbeam

140
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40

-150

80

0

240
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200

150

100

European Ash

50

Summer Oak

Pine

Beech

Ash
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30

50

60

80

90

C30
D40

C14

Black Alder
(Alnus glutinosa)

C18

C24C24 C22

40

Black Currant
Nettle

C22C24

D35

C18C18C18

C30

C14

0

-100

Oak

0 50

Alnus glutinosa (Black Alder) (75%)

Abiotic qualities

10

Humidity: Humid
Half-shade; Light

Soil: Sand/Loam; Mineral; Rich

14

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

9

C30C30

5

6

7

8

C35

2

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

7

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

4

Beech20

100

Alder

Spruce

Alder

C30

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

C30

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

180

45

180

0

160

D40

// σ-tensile (yield) [MPa]

Ash

0

200

-150

100

0

Tension

Hornbeam

Hardness

150

Beech

Beech

Ash

Ash

50

D30

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

100

Beech

C24

Ash

C24

C14

Oak

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Alder

Oak

Alder

150

Oak

Alder

Ash

0

200

100

Alder

Beech

Durability Mold

50

Alder (GG)

Durability Insects

Haagbeuk
- ?

Beuk
- Binnentrappen

0

// σ-bending (modulus of rupture) [MPa]

    Hardness - Janka [kN]

Beuk
- Vloer
- Trap
- Betimmering

Alder

Ash

Fir

D45 ?

0

// σ-compressive [MPa]

AlderAlder

Beech: 31 m³/ha

Beech

Oak

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Ash: 53 m³/ha

Ash

Oak: 33 m³/ha

Ash: 158 m³/ha

C22

PineOak

50

17

10

13

C24

C30

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

80

C24

120

-100

D40

60

50

15

30

25

20

Fir

Humidity

Larch

Light

Spruce

True Quarter

Rift

FirOak

Ash Alder Oak

D30

Spruce

0

8

100

9

D40

12

14

13

0

100

Type 3: Ash-Alder Forest

16

150

0

600

Oak

300

Hornbeam Beech

1000

Fir

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Spruce

800

A

100

50

0

-100

Alder

B

Grade 1:
1x Pile (5.000 x Ø220)

A

-50

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Light

B

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 6:
Energy Recovery

40

LarchOak

Ab

Hornbeam

-100

-50

50

Oak

100

Fir

0

150

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

-250

Beech

0

Larch

C14

C24

C30

C14

Ab

C18

Aa

C30 C30

C24

10

Spruce

20

5

1

0

45

25

0

C18

C30

C30

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

D30

10

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Wet/Humid & Light Wet (moving) & Light

D45 ?

Quercus patraea (Winter Oak)

Carpinus betulus (Hornbeam)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Winter Oak
(Quercus patraea)

Oak-Hornbeam Forest

Viburnum opulus (Guelder Rose)

// σ-shear [MPa]

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Alder
(50x50)

0

Pine

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Prunus padus (Bird Cherry)

20 kN

0

50 kN

20 kN

50

0

Beech

European Beech
(Fagus sylvatica)

-150

-200

20 kN

Fagus sylvatica (Beech)

Quercus robur (Summer Oak)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,5 kN

0

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Carpinus betulus (Hornbeam)

0,2 kN

Forest Complexes, Species & Products

Summer Oak
(Quercus robur)

D45 ?

Fan Roof Truss

0,2 kN

80

Ash

Larch

Hedera helix (Ivy)

Corylus avellana (Hazel)

Church Truss in France

150

Ash

0

-100

// D30

120

40

Spruce

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

150

10

C22

C18

Hornbeam Fir

C24

200

5

100

C14

50

Fir

C14

-150

D35

50

35

D18

C30

C24

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

150

Alnus glutinosa (Black Alder, 50 y)

Fagus sylvatica (Beech, 75 y)

Hazel
Ivy

Honeysuckle

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Beech

C35

Quercus robur (Summer Oak, 150 y)

200

Cant Sawn

C18

1 BEECH

C18

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

D35

Grade 1:
2x Column (6.800 x Ø340)

Alder
(30x30)

0

Oak

D30

Alder

50

0
Oak

Type 1: Oak-Beech-Hornbeam Forest

D18 ?

C14

Hornbeam

6

Oak

19

3

HornbeamLarch

C14

Alder-Ash
Forest

Species for felling

15

0

16

C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

3

Hornbeam

Alder

Pratt Roof Truss

C14

Euonymus europaeus (Spindle)

C14

8

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

9

    Hardness - Janka [kN]

Other species

2

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

5

Beech

C24

D40

1

D35

7

Pine

9

11

6

14

15

C24

Alder

18

// σ-bending (modulus of rupture) [MPa]

Hornbeam FirSpruce

10

Alder

-50

Alder: 131 m³/ha

// σ-compressive [MPa]

-100

Ash

140

// C14

Spruce

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Compression

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood (ca. 8,4 m³/ha/y)

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%
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50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

4,4
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1:2

6,4
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17,4

4,6
5,2
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Ash: 158 m³/ha

Oak: 46 m³/ha

Bird Cherry
(Prunus padus)

Ash

// σ-compressive [MPa]

Hornbeam

0

LarchAlder Ash

Ash

0

1

D45 ?

// σ-bending (modulus of rupture) [MPa]

Els
- Heipaal
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- Dakgoot
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Growth Rate
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Oak
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Ash (G)
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- Trap
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Fagus sylvatica (European Beech) (25%)

D35

C14C14

100

Alder

C30

Pine

C30

D40D40

180

80

12

100

60

20

Fraxinus excelsior (European Ash) (75%)

C14

100

Beech

150

Beech

13

Quercus patraea (Winter Oak) (15%)

200

HornbeamHornbeam

Compression

Light:

ShearHardnessYoungs Modulus

15010050

C18

160

50

Dry

150

200

150

Spindle
Guelder Rose

D18

100

120

140

Humidity:

100

Soil:

180

D40

80

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

C30

D18

C30

200

Soil:

30

C14Wet; moving or standing water

-100

-150

Sand/Loam/Clay; Mineral; Rich

C14

100

150

0

D35

D18

C24

Light

C24

C14

C18Half-shade; Light

C30

C18

C22

Humidity

Fir

50

Abiotic qualities

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 5:
Sheet Materials

Alnus glutinosa (Black Alder) (75%)

Spruce

200

PineAlder

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Ash

Hazel
Ivy

Honeysuckle

Beech

60

Type 1: Oak-Beech-Hornbeam Forest

0

C24

Alder

200

Spruce

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)
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50

10 C30

Fir

D40

Oak

C14

D30

-250

Hornbeam
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D40

0

Hornbeam

150
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60

C18

50

Fir

Grade 1:
1x Column (5.000 x Ø440)

Larch

A B

C18

C14

Humidity:

40

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Pine

Grade 5:
Sheet Materials

10

C22

B

Ash

0

150

70

50

-50

Beech

C24

Ash Pine Spruce

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

Larch

C18

C24

C24

900

Fir

Volume [m³/ha] European Ash (Fraxinus excelsior)
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150100
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Spruce
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20

D35

D30

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40
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// C14
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Ash

// C30// C30

// C14
// D35
// D40

Rift

30

25
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Quarter Sawn

Slavonian

Ash Pine

// E [GPa]

Black Alder

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

FirOak

A

Hornbeam

European Ash

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Grade 1:
1x Column (7.500 x Ø600)

50

5

C30

C14

Summer Oak
(Quercus robur)

C30

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Hornbeam
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Species Growth & Productivity
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D30

A

D40

D18 ?
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D18 ?

Grade 1:
2x Column (6.800 x Ø340)
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Grade 5:
Sheet Materials & Dowels

D35

C18

1 OAK1 HORNBEAM
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C18 C18

1 BEECH

Humidity

D45 ?

Live/Plain Sawn

20
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Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Black Alder
(Alnus glutinosa)

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Fraxinus excelsior (Ash, 75 y)

Alnus glutinosa (Black Alder, 50 y)

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

// σ-tensile (yield) [MPa]
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0
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- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
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- Betimmering
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ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

Modified Queen Roof Truss

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Black Currant
Nettle

Fink Roof Truss Fan Roof Truss

Howe Roof Truss

70

80
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Forest Complexes, Species & Products

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Carpinus betulus (Hornbeam)

Fagus sylvatica (Beech)

0,2 kN0,2 kN0,2 kN

150

Beech

-100

-150

Beech (5)

150

0

50 kN

20 kN20 kN20 kN20 kN

0

Ash (5)

Beech

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Euonymus europaeus (Spindle)

Prunus padus (Bird Cherry)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Howe Bridge Truss

Corylus avellana (Hazel)

D18 ?

Church Truss in France

Honeysuckle
Dog Rose

100

Humid/Dry & Light/Shade Wet/Humid & Light Wet (standing) & Light

Alder-Ash Forest
(ALNO-PADION)

Ash-Oak ForestOak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen
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9

Pratt Roof Truss

6

0

Winter Oak
(Quercus patraea)

Hornbeam Oak Spruce

-100

50

Beech

Pratt Bridge Truss

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

Dogwood
Honeysuckle

Hawthorn

5

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

Alder Hornbeam

// σ-shear [MPa]   &      σ-shear [MPa]
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Hornbeam Spruce
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-150

80
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Beech
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200150

European Beech

Summer Oak
(Quercus robur)

100

Summer Oak

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

// σ-tensile (yield) [MPa]
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Fraxinus excelsior (European Ash) (25%)

Abiotic qualities
Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

14

50

Sand/Loam; Rich in humus

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

20

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

Alder-Ash
Forest

C14

Species for felling

19

D45 ?

C14

Beech

C30

Other species

100

Ribes nigrum (Black Currant)

0

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

Alder

Spruce

45

// C35

180

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Alder

Grade 1:
1x Column (15.000 x Ø950)

Alder
(30x30)

0

Type 2: Ash-Oak Forest

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

160

Ash

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)
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150100

Alder
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-100

C30

60

Beech

Durability Insects

100
Alder (GG)Alder (5)

Durability Mold

Beuk
- Binnentrappen

Els
- Fijn timmerwerk (lijsten)

80

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

D18 ?

0

9

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Bird Cherry
(Prunus padus)

    Hardness - Janka [kN]

Spruce Larch

Fir

Fir

Oak

150

Alder

100

Haagbeuk
- ?

50

Oak: 33 m³/ha

// σ-compressive [MPa]

-100

Beech: 31 m³/ha

Alder

C22

Spruce

European Ash
(Fraxinus excelsior)

// σ-bending (modulus of rupture) [MPa]

Oak

15

C14

Flowing Water

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

D18

120

D40

Alder

C18

7

C18

1

Hedera helix (Ivy)

Hornbeam

0

-100

C14

50

C14

4

Corylus avellana (Hazel)

C18

C24

-150

100

Beech

True Quarter

Quarter

Beech

D40

Pine

6

FirOak

8

20

Pine

10

Type 3: Ash-Alder Forest

Larch

11

13

Larch

300

600

17

800

Oak

100

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Alder

1000

Beech

-100

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Beech

100

Beech

European Beech
(Fagus sylvatica)

Alder

Grade 1:
1x Pile (5.000 x Ø220)

Grade 6:
Energy Recovery

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Grade 5:
Sheet Materials & Dowels

Spruce

Grade 6:
Energy Recovery

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Alder

100

Oak

Ab

-50

40

Aa

100

150

C30

0

50

Light

C14

Larch

-200

Humidity

Ash Beech

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

40

50

Pine

A

Larch

C18

Aa

C14C14 C14

10

15

Spruce

20

Flat/Round Sawn

100

B

C24

20

C18

0

C30

0

Oak

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hazel
Ivy

Holly

C14

10

Wet (moving) & LightHumid & Light

Alder Swamp
(ALNION)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade

Fagus sylvatica (Beech)

Fraxinus excelsior (Ash)

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Alder
(50x50)

0

Alder
(50x50)

0

Pine

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150100

Oak (2-3)

50

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Ilex aquifolium (Holly)

50 kN

100

0

-200

-50

-250

Beech (GG)

European Ash
(Fraxinus excelsior)

50

20 kN

Cornus sanguinea (Dogwood)

0,2 kN

0

0,5 kN 0,5 kN

50

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

σ-shear [MPa]

0

D18 ?

D45 ?

Species Growth & Productivity

50

0,2 kN

0

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

Hornbeam

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Rosa canina (Dog Rose)

Lonicera periclymenum (Honeysuckle)

Grade 6:
Energy Recovery

C24

Larch

Larch

Fir

-50

140

-150

King Post Roof Truss

C18

Hornbeam

OakHornbeam

100

C24

C18
C14

-50

C14

C35

C18

C30

D18

50

150

3

15

60

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

150

D40

0

Oak

Prunus padus (Bird Cherry)

Ca. 266 / phase / ha
Av. 10,6 / year / ha

200

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Assumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Cant Sawn

Beech

D30

1 ALDER

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Carpinus betulus (Hornbeam, 50 y)

C18

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

Light

Grade 6:
Energy Recovery

1 ASH

100

D45 ?

B

150

0

100

C30

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Larch

0

Oak

C14

7

Alder

0

7

Ash

C14

AshLarch

6

D24 ?

0

    Hardness - Janka [kN]

10

16

C35

C30
12

C30

8

6

8

D30
C24

C22

C24 C24

100

C18C18C18

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

15

D35

Prunus padus (Bird Cherry)

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

C14

Euonymus europaeus (Spindle)

C14

2

Spruce

Cornus sanguinea (Dogwood)

C18

-50

Crataegus laevigata (Hawthorn)

4

Lonicera periclymenum (Honeysuckle)

Other species

3

Species for felling

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Oak FirLarchPine

C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

Ash Beech

C24

D40

2

D35

9

5

11

13

14

Pine

C24

17

18

Hornbeam Fir

// D30

// C14

Pine

Hornbeam

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

-50

Ash: 53 m³/ha

Alder: 131 m³/ha

200

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Ash

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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+0,1
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+50 +50+80 +90 +90

+30 +30+10 +10

Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

6,4

5,2

2,0

16,1

1:2

4,6

14,1

4,4

5,7

13,6

17,4

50

Beech: 31 m³/ha

Alder

// σ-compressive [MPa]

0

FirLarch

LarchPineAsh

0

0

1

// σ-bending (modulus of rupture) [MPa]

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Els
- Fijn timmerwerk (lijsten)

Ilex aquifolium (Holly)

0
Alder (GG)Alder (5)

100

Durability Mold

Hornbeam

Alder

Oak

Ash

100

Alder

Hornbeam

Alder

8

Oak

Alder

C22

50

3

Beech

C18C18 C18

D35

C30

Beuk
- Binnentrappen

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

Haagbeuk
- ?

Beuk
- Vloer
- Trap
- Betimmering

9

C14C14

    Hardness - Janka [kN]

D45 ?

90

C30 C30 C30

D40D40

0

Beech

140

50

100

60

20

Fagus sylvatica (European Beech) (25%)

Beech

80

Ash

200

Hornbeam

100

TensionFraxinus excelsior (European Ash) (75%) Hardness

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Quercus patraea (Winter Oak) (15%)

10050

-50

-150

50

100

C18

12

4

20
Light:

60

80

Humidity:

120

D18

Soil:

50 100

Grade 1:
1x Column (15.000 x Ø950)

C14

150

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Dry

D40

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

D30

150

D18

C30
C35

C14

-50

180

C14

50

100

150

C14

14

Humidity:

C24

Soil:

C24

C18C18

80

Abiotic qualities C22

C14

50

200

C30

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

13

200

Alder Ash

Half-shade; Light

50

Beech BeechAshAlder Pine

30

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

10

60

0

Abiotic qualities

C24

100

Alnus glutinosa (Black Alder) (75%)

-250

-200

Hornbeam

Wet; moving or standing water

C14

-50

50

D40

Ab

100

C30

Oak

15050

Humidity

Fir

150

100

Larch

B

Light

40

-100

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 1:
1x Pile (5.000 x Ø220)

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Sand/Loam/Clay; Mineral; Rich

D40

A

0

100

D30 C30

-50

BeechAshAlder

C18
C24

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1000

Fir

D35

800

Oak

600

500

17

C22

C14

70

16

100

Type 3: Ash-Alder Forest

80

40

0

12

11

Fir

C22

C18

9

0

8

D35

C18

Spruce

6

D35

D30

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40

Black Currant
Nettle

Ash

D40

Ash

Pine

Beech

C30

Rift

C30

True Quarter

Quarter Sawn

Slavonian

C35

C14

// D45 ?

Alder

// D24 ?

// C14

// C30

Spruce

// C30// C30

// C14
// D35
// D40

Larch

10

20

15

Oak

A B

Hornbeam

15

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

10

5

0

C30

C14 C14

Pine

C30

C14

C18 C18 C18

C35

60

Black Alder
(Alnus glutinosa)

0

C24

C14

C24

C22

Species Growth & Productivity

C14

C30

C14

C35

100

Summer Oak

D30

BA

D18 ?

D45 ?

D40

150

Grade 1:
2x Column (6.800 x Ø340)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

D35

C18

1 OAK

150

Black Alder

C18C18

1 BEECH1 ASH

D45 ?

20

Cant Sawn

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Beech

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Alnus glutinosa (Black Alder, 50 y)

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
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// σ-tensile (yield) [MPa]
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ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Forest Complexes, Species & Products

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Alnus glutinosa (Black Alder)

Quercus robur (Summer Oak)

Carpinus betulus (Hornbeam)

0

0,5 kN

0,2 kN0,2 kN

Larch

150

Beech

-200

50

Beech (5)

100

50 kN

20 kN20 kN20 kN

0 50 150

Ash (5)

Oak (2-3)

Pine

Alder
(50x50)

0 Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Corylus avellana (Hazel)

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

D18 ?

0

50 100

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade Humid/Dry & Light/Shade Wet (moving) & Light

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Oak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

1

4

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

Pratt Roof Truss

6

3

Hornbeam FirLarch

-50

Alder Ash

100

0

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

10

15

0
Hornbeam

Type 1: Oak-Beech-Hornbeam Forest
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// D40
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// C14

200
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Hornbeam

140

100

Alder

Spruce

20

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

220

240

60

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Hornbeam: 38 m³/ha

European Beech

Hornbeam

European Ash

50

// σ-tensile (yield) [MPa]

Hornbeam

Beech

Ash
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D30

C14 C14
C18 C18

C24C24

50

30
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C24 C24

C35

C18C18

D40

C30

C14

50

-50

Oak

0

Fraxinus excelsior (European Ash) (25%)

Bird Cherry
(Prunus padus)

Flowing Water

Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

80

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

6

Beech

-150

60

40

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

C30 C30

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

180

200

0

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Oak (G)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021
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Shear
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40
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Hornbeam

D30

Youngs Modulus

Ash

C24

Oak

C24

C14

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Ash Oak

Alder

Oak

Harvest Period

150

Oak

Alder

Beech

0

Beech

Oak

0

Growth Rate
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Ash (G)

150

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Es
- Binnentrappen

Durability Insects

D18 ?

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Alder

Alder

Fir

Ash Hornbeam

150

Spruce

100

Oak: 46 m³/ha

Ash

Oak

-50

Alder

-100

Oak: 33 m³/ha

FirSpruceHornbeam

Ash: 158 m³/ha

C24

9

11

1

D40

120

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

C24

-100

D40

40

100

160

30

25

200

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

Fir

Light

// E [GPa]

PineBeech

Quarter

FirOak

D40

Ash

HumidityType 2: Ash-Oak Forest

Pine

7

50

Larch

150100

Alder OakHornbeam

14

13

200

15

Hornbeam

10

0

18

700

400

300

BeechLarch

900

SprucePine

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Volume [m³/ha] European Ash (Fraxinus excelsior)

Flat/Round Sawn

150

BeechAsh

50

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Alder Pine

B

-100

Spruce

Grade 5:
Sheet Materials & Dowels

A

Grade 1:
1x Column (5.000 x Ø440)

40

Grade 6:
Energy Recovery

150

Hornbeam

Aa

-150

-100

100

150

Oak Larch Fir

180

Spruce

50

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Larch

B

C14

C24

C30

C18

C30

Ab

Light

C14

Aa

Grade 1:
1x Column (7.500 x Ø600)

200

20

Humidity

5

C18

30

0

European Ash
(Fraxinus excelsior)

C30

C30

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

D40

C22

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

Wet (standing) & Light

Honeysuckle
Dog Rose

Winter Oak
(Quercus patraea)

Wet/Humid & Light

Ash-Oak Forest

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Prunus padus (Bird Cherry)

Fagus sylvatica (Beech)

Humid & Light

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Fraxinus excelsior (Ash)

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder
(50x50)

0

100

Beech

50 kN

150

0

0

20 kN

-250

-150

-50

-100

Hornbeam
(Carpinus betulus)

Beech (GG)

European Beech
(Fagus sylvatica)

20 kN

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Summer Oak
(Quercus robur)

0,5 kN

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Summer Oak
(Quercus robur)

D45 ?

Ribes nigrum (Black Currant)

D18 ?

0,2 kN0,2 kN

Hornbeam

Lonicera periclymenum (Honeysuckle)

Church Truss in France

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,2 kN

40

Howe Bridge Truss

// D30

120

// C14

40

C18

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Spruce

100

Larch

80

C18

Hornbeam

C18

Oak

C24

D35

D18

Pine

C14

-150

Oak

-100

0

FirSpruce

C30C30

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

C24

European Ash
(Fraxinus excelsior)

Fraxinus excelsior (Ash, 75 y)

Carpinus betulus (Hornbeam, 50 y)

Spindle
Guelder Rose

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Beech

D18

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Hazel
Ivy

Honeysuckle

Live/Plain Sawn

Bird Cherry
(Prunus padus)

C18

1 HORNBEAM

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Oak

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

D18 ?

Alder
(30x30)

0

-100

150

0

19

Pine

100

// σ-shear [MPa]   &      σ-shear [MPa]

Fir

D40

C14

King Post Roof Truss

7

Alder

19

5

OakLarch

C14

Alder-Ash
Forest

Species for felling

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

20

16

C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

4

0

Ash

8

C14

Euonymus europaeus (Spindle)

C14

9

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

2

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Other species

3

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

    Hardness - Janka [kN]

Beech

C24

D40

2

D35

7

C24

10

7

13

14

15

Hornbeam

50

17

18

// σ-bending (modulus of rupture) [MPa]

Oak

C22

5

150

PineAsh

Beech

Ash: 53 m³/ha

Alder: 131 m³/ha

// σ-compressive [MPa]

100

160

Spruce

80

Hornbeam

200

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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+

+
+

+

+
+

+

+

+

+0,5

+0,3

+0,5

+0,3

+0,8 +0,9

+0,1

+0,8

+50 +50+80 +90 +90

+30 +30+10 +10

Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest
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ecosystem to building system

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

6,4

4,6

2,0

5,2

17,4

1:2

14,1
13,6

5,7

4,4

16,1

Oak: 46 m³/ha

100

Ash Hornbeam FirLarchSpruce

LarchPineAsh

D18 ?

0

1

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Els
- Fijn timmerwerk (lijsten)

Es
- Binnentrappen

50 100 150

Ilex aquifolium (Holly)

Oak

Hornbeam

Growth Rate

Ash

Beech

Alder

Hornbeam

Harvest Period

Alder

8

OakOak

C22

Oak

3

C18C18 C18

D35

Alder (5)
0

Ash (G)

C30

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

C14

9

C14

90

C30

0

C30

100

D40D40

Hornbeam

11

140

150

100

100

60

40

20

Ash

80

200

HornbeamHornbeam
Fagus sylvatica (European Beech) (25%)

ShearFraxinus excelsior (European Ash) (75%) Youngs Modulus

150

Quercus patraea (Winter Oak) (15%)

50

-50

-100

50

100

150

C18

4

40

Light:

D18

100

Humidity:

160

Soil:

100

Grade 1:
1x Column (15.000 x Ø950)

180

C14

D40

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

D30 C30

Dry

C30

D18
C14

-50

-100

180

150

80

C14

150

0

Soil:

13

D18

C24 C24

C18C18 C18

Humidity:

Abiotic qualities

Oak

C14

100

200

C30

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Larch
Sand/Loam/Clay; Mineral; Rich

12

C18

Pine

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

100

20

Beech Beech

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

Alder Pine

200

Larch

Light:

60

150

Flowing Water

C24

50

Bird Cherry
(Prunus padus)

-200

Hornbeam

-150

30

C14

Aa

100

D40

150

150

C30

150100

Humidity

Fir

Grade 1:
1x Column (5.000 x Ø440)

Fraxinus excelsior (European Ash) (25%)

50

A

Grade 5:
Sheet Materials & Dowels

Spruce

20

-50

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Pine

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Wet; moving or standing water

D40

Ash

150

Beech

D40

C30

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

AshAlder Pine

D30

C24

Larch

900

Volume [m³/ha] European Ash (Fraxinus excelsior)

C35

700

18

500

17

400

C24

C14

50

200

15

Hornbeam

70

30

Oak

11

Fir

10

80

C18

50

Larch

7

C18 C18

6

D35

Pine

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40

Alder

10

Ash

C14

Beech

Pine

Quarter

C30

Beech

C35

Quarter Sawn

Slavonian

Ash

D30

C14

// D45 ?

Pine

// D24 ?

// C14

// C30

// E [GPa]

// C30// C30

// C14
// D35
// D40

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

20

20

15

Flat/Round Sawn

B

Hornbeam

Type 2: Ash-Oak Forest

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Grade 1:
1x Column (7.500 x Ø600)

Humidity

C14

220

C14 C14

Light

Hornbeam

C14

C18

C30

C18

C35

C18

70

D35

C14

B

C24

C22

C14

European Beech

C30

C14

C35

19

Hornbeam

Black Alder

BA

D40

D45 ?

D40

D18 ?

150

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

C18

1 OAK1 HORNBEAM

Species Growth & Productivity

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Bird Cherry
(Prunus padus)

C18

1 ASH

D45 ?

Live/Plain Sawn

Beech

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

0

Carpinus betulus (Hornbeam, 50 y)

Fraxinus excelsior (Ash, 75 y)

Spindle
Guelder Rose

Alder
(30x30)

0

// σ-tensile (yield) [MPa]

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

Bending

0

0

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Alder

0

Fir

Dogwood
Honeysuckle

Hawthorn

0

C14C14C14

C30C30

D40 D40

100

0 0 0

C18 C18

European Ash
(Fraxinus excelsior)

00

C18

35

C35

30

D35

20

40

C24

15

10

5

C24 C24 C22

20

30

40

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl

60

Modified Queen Roof Truss

70

0

0

D18 ?

Fink Roof Truss

Howe Roof Truss

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

0,5 kN

0,2 kN0,2 kN0,2 kN

Beech (GG)

-50

-100

-250

Beech (5)

100

150

50 kN

20 kN20 kN

0 50 100

Ash (5)

Oak (2-3)

Beech

Alder
(50x50)

0

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Fraxinus excelsior (Ash)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Hornbeam
(Carpinus betulus)

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Howe Bridge Truss

Hornbeam

Crataegus laevigata (Hawthorn)

D18 ?

Lonicera periclymenum (Honeysuckle)

50 100

Summer Oak
(Quercus robur)

Dry & Shade Humid/Dry & Light/Shade Humid & Light Wet (standing) & Light

Honeysuckle
Dog Rose

Ash-Oak ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen
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Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

2

7

5

King Post Roof Truss

Oak Larch

-50

Spruce

50

Beech

Pratt Bridge Truss

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

20

Ash

// σ-shear [MPa]   &      σ-shear [MPa]

50 100 150

European Ash
(Fraxinus excelsior)

0

80

20

-150

40

// D40

60

100

// C14

160

// C35

200

Hornbeam

140

120

60

40

-150

80

0

240

60

40

80

200

150

100

European Ash

50

Summer Oak

Pine

Beech

Ash

10

30

50

60

80

90

C30
D40

C14

Black Alder
(Alnus glutinosa)

C18

C24C24 C22

40

Black Currant
Nettle

C22C24

D35

C18C18C18

C30

C14

0

-100

Oak

0 50

Alnus glutinosa (Black Alder) (75%)

Abiotic qualities

10

Humidity: Humid
Half-shade; Light

Soil: Sand/Loam; Mineral; Rich

14

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

9

C30C30

5

6

7

8

C35

2

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

7

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

4

Beech20

100

Alder

Spruce

Alder

C30

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

C30

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

180

45

180

0

160

D40

// σ-tensile (yield) [MPa]

Ash

0

200

-150

100

0

Tension

Hornbeam

Hardness

150

Beech

Beech

Ash

Ash

50

D30

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

100

Beech

C24

Ash

C24

C14

Oak

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Alder

Oak

Alder

150

Oak

Alder

Ash

0

200

100

Alder

Beech

Durability Mold

50

Alder (GG)

Durability Insects

Haagbeuk
- ?

Beuk
- Binnentrappen

0

// σ-bending (modulus of rupture) [MPa]

    Hardness - Janka [kN]

Beuk
- Vloer
- Trap
- Betimmering

Alder

Ash

Fir

D45 ?

0

// σ-compressive [MPa]

AlderAlder

Beech: 31 m³/ha

Beech

Oak

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Ash: 53 m³/ha

Ash

Oak: 33 m³/ha

Ash: 158 m³/ha

C22

PineOak

50

17

10

13

C24

C30

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

80

C24

120

-100

D40

60

50

15

30

25

20

Fir

Humidity

Larch

Light

Spruce

True Quarter

Rift

FirOak

Ash Alder Oak

D30

Spruce

0

8

100

9

D40

12

14

13

0

100

Type 3: Ash-Alder Forest

16

150

0

600

Oak

300

Hornbeam Beech

1000

Fir

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Spruce

800

A

100

50

0

-100

Alder

B

Grade 1:
1x Pile (5.000 x Ø220)

A

-50

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Light

B

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 6:
Energy Recovery

40

LarchOak

Ab

Hornbeam

-100

-50

50

Oak

100

Fir

0

150

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

-250

Beech

0

Larch

C14

C24

C30

C14

Ab

C18

Aa

C30 C30

C24

10

Spruce

20

5

1

0

45

25

0

C18

C30

C30

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

D30

10

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Wet/Humid & Light Wet (moving) & Light

D45 ?

Quercus patraea (Winter Oak)

Carpinus betulus (Hornbeam)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Winter Oak
(Quercus patraea)

Oak-Hornbeam Forest

Viburnum opulus (Guelder Rose)

// σ-shear [MPa]

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Alder
(50x50)

0

Pine

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Prunus padus (Bird Cherry)

20 kN

0

50 kN

20 kN

50

0

Beech

European Beech
(Fagus sylvatica)

-150

-200

20 kN

Fagus sylvatica (Beech)

Quercus robur (Summer Oak)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,5 kN

0

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Carpinus betulus (Hornbeam)

0,2 kN

Forest Complexes, Species & Products

Summer Oak
(Quercus robur)

D45 ?

Fan Roof Truss

0,2 kN

80

Ash

Larch

Hedera helix (Ivy)

Corylus avellana (Hazel)

Church Truss in France

150

Ash

0

-100

// D30

120

40

Spruce

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

150

10

C22

C18

Hornbeam Fir

C24

200

5

100

C14

50

Fir

C14

-150

D35

50

35

D18

C30

C24

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

150

Alnus glutinosa (Black Alder, 50 y)

Fagus sylvatica (Beech, 75 y)

Hazel
Ivy

Honeysuckle

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Beech

C35

Quercus robur (Summer Oak, 150 y)

200

Cant Sawn

C18

1 BEECH

C18

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

D35

Grade 1:
2x Column (6.800 x Ø340)

Alder
(30x30)

0

Oak

D30

Alder

50

0
Oak

Type 1: Oak-Beech-Hornbeam Forest

D18 ?

C14

Hornbeam

6

Oak

19

3

HornbeamLarch

C14

Alder-Ash
Forest

Species for felling

15

0

16

C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

3

Hornbeam

Alder

Pratt Roof Truss

C14

Euonymus europaeus (Spindle)

C14

8

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

9

    Hardness - Janka [kN]

Other species

2

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

5

Beech

C24

D40

1

D35

7

Pine

9

11

6

14

15

C24

Alder

18

// σ-bending (modulus of rupture) [MPa]

Hornbeam FirSpruce

10

Alder

-50

Alder: 131 m³/ha

// σ-compressive [MPa]

-100

Ash

140

// C14

Spruce

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Compression

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood (ca. 8,4 m³/ha/y)

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

4,4

14,1

2,0

1:2

6,4

5,7

17,4

4,6
5,2

13,6

16,1

Ash: 158 m³/ha

Oak: 46 m³/ha

Bird Cherry
(Prunus padus)

Ash

// σ-compressive [MPa]

Hornbeam

0

LarchAlder Ash

Ash

0

1

D45 ?

// σ-bending (modulus of rupture) [MPa]

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

D30

Es
- Binnentrappen

0 50

Ilex aquifolium (Holly)

150

Oak

8

Growth Rate

Oak
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4

Harvest Period

Oak

Alder

C30

Alder

Hornbeam

Oak

0

C22

90

C18

Ash (G)

C18 C18

3

Beuk
- Vloer
- Trap
- Betimmering

Fagus sylvatica (European Beech) (25%)

D35

C14C14

100

Alder

C30

Pine

C30

D40D40

180

80

12

100

60

20

Fraxinus excelsior (European Ash) (75%)

C14

100

Beech

150

Beech

13

Quercus patraea (Winter Oak) (15%)

200

HornbeamHornbeam

Compression

Light:

ShearHardnessYoungs Modulus

15010050

C18

160

50

Dry

150

200

150

Spindle
Guelder Rose

D18

100

120

140

Humidity:

100

Soil:

180

D40

80

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

C30

D18

C30

200

Soil:

30

C14Wet; moving or standing water

-100

-150

Sand/Loam/Clay; Mineral; Rich

C14

100

150

0

D35

D18

C24

Light

C24

C14

C18Half-shade; Light

C30

C18

C22

Humidity

Fir

50

Abiotic qualities

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 5:
Sheet Materials

Alnus glutinosa (Black Alder) (75%)

Spruce

200

PineAlder

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Ash

Hazel
Ivy

Honeysuckle

Beech

60

Type 1: Oak-Beech-Hornbeam Forest

0

C24

Alder

200

Spruce

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

50

50

10 C30

Fir

D40

Oak

C14

D30

-250

Hornbeam

-150

-100

D40

0

Hornbeam

150

150

60

C18

50

Fir

Grade 1:
1x Column (5.000 x Ø440)

Larch

A B

C18

C14

Humidity:

40

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Pine

Grade 5:
Sheet Materials

10

C22

B

Ash

0

150

70

50

-50

Beech

C24

Ash Pine Spruce

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

Larch

C18

C24

C24

900

Fir

Volume [m³/ha] European Ash (Fraxinus excelsior)

700

18

C14

500

400

Hornbeam

16

200

D30

C14

15

Hornbeam

14

0

Oak

12

Fir

10

150100

9

500

C14

0
Ash

70

7

Spruce

80

20

D35

D30

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40

90

// D45 ?

Alder

// D24 ?

// C14

// C30

Ash

// C30// C30

// C14
// D35
// D40

Rift

30

25

20

Quarter Sawn

Slavonian

Ash Pine

// E [GPa]

Black Alder

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

FirOak

A

Hornbeam

European Ash

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Grade 1:
1x Column (7.500 x Ø600)

50

5

C30

C14

Summer Oak
(Quercus robur)

C30

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Hornbeam
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C24

C18
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C18
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Species Growth & Productivity

C24

B

C14

C22

C14

C24

C14
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D30

A

D40

D18 ?

D40

D18 ?

Grade 1:
2x Column (6.800 x Ø340)

150

Grade 5:
Sheet Materials & Dowels

D35

C18

1 OAK1 HORNBEAM

40

C18 C18

1 BEECH

Humidity

D45 ?

Live/Plain Sawn

20

20

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Black Alder
(Alnus glutinosa)

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Fraxinus excelsior (Ash, 75 y)

Alnus glutinosa (Black Alder, 50 y)

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

// σ-tensile (yield) [MPa]

Bending

0

0

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Alder

0

Fir

0

C14C14C14
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Hornbeam

0 00
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0

C24 C22
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Ash

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

Modified Queen Roof Truss

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Black Currant
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Fink Roof Truss Fan Roof Truss

Howe Roof Truss

70

80
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Forest Complexes, Species & Products

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Carpinus betulus (Hornbeam)

Fagus sylvatica (Beech)

0,2 kN0,2 kN0,2 kN

150

Beech

-100

-150

Beech (5)

150

0

50 kN

20 kN20 kN20 kN20 kN

0

Ash (5)

Beech

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Euonymus europaeus (Spindle)

Prunus padus (Bird Cherry)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Howe Bridge Truss

Corylus avellana (Hazel)

D18 ?

Church Truss in France

Honeysuckle
Dog Rose

100

Humid/Dry & Light/Shade Wet/Humid & Light Wet (standing) & Light

Alder-Ash Forest
(ALNO-PADION)

Ash-Oak ForestOak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

1

9

Pratt Roof Truss

6

0

Winter Oak
(Quercus patraea)

Hornbeam Oak Spruce

-100

50

Beech

Pratt Bridge Truss

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

Dogwood
Honeysuckle

Hawthorn

5

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

Alder Hornbeam

// σ-shear [MPa]   &      σ-shear [MPa]

50

150

5

10

80

40

20

40

35

// D40

120

// C14

160

180

200

160

Hornbeam Spruce

60

40

-150

80

0

220

240

Beech

80

200150

European Beech

Summer Oak
(Quercus robur)

100

Summer Oak

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

// σ-tensile (yield) [MPa]

Pine

Beech

Ash

10

30

50

60

C30 C35
D40

D35

C18 C18 C18

80

50

30

C22C24

D35

C35

C18

D40

C30

C14

100

-100

-50

Oak

100

Fraxinus excelsior (European Ash) (25%)

Abiotic qualities
Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

14

50

Sand/Loam; Rich in humus

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

20

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

Alder-Ash
Forest

C14

Species for felling

19

D45 ?

C14

Beech

C30

Other species

100

Ribes nigrum (Black Currant)

0

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

Alder

Spruce

45

// C35

180

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Alder

Grade 1:
1x Column (15.000 x Ø950)

Alder
(30x30)

0

Type 2: Ash-Oak Forest

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

160

Ash

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Tension

Hornbeam
(Carpinus betulus)

Ash

Hornbeam

500

40

AshAsh

Beech

Oak

140

D30

-50

50

100

140

Ash

C14

Alder

C24C24

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Oak Oak

Alder

Hornbeam

Alder

150100

Alder

50

-100

C30

60

Beech

Durability Insects

100
Alder (GG)Alder (5)

Durability Mold

Beuk
- Binnentrappen

Els
- Fijn timmerwerk (lijsten)

80

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

D18 ?

0

9

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Bird Cherry
(Prunus padus)

    Hardness - Janka [kN]

Spruce Larch

Fir

Fir

Oak

150

Alder

100

Haagbeuk
- ?

50

Oak: 33 m³/ha

// σ-compressive [MPa]

-100

Beech: 31 m³/ha

Alder

C22

Spruce

European Ash
(Fraxinus excelsior)

// σ-bending (modulus of rupture) [MPa]

Oak

15

C14

Flowing Water

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

D18

120

D40

Alder

C18

7

C18

1

Hedera helix (Ivy)

Hornbeam

0

-100

C14

50

C14

4

Corylus avellana (Hazel)

C18

C24

-150

100

Beech

True Quarter

Quarter

Beech

D40

Pine

6

FirOak

8

20

Pine

10

Type 3: Ash-Alder Forest

Larch

11

13

Larch

300

600

17

800

Oak

100

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Alder

1000

Beech

-100

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Beech

100

Beech

European Beech
(Fagus sylvatica)

Alder

Grade 1:
1x Pile (5.000 x Ø220)

Grade 6:
Energy Recovery

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Grade 5:
Sheet Materials & Dowels

Spruce

Grade 6:
Energy Recovery

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Alder

100

Oak

Ab

-50

40

Aa

100

150

C30

0

50

Light

C14

Larch

-200

Humidity

Ash Beech

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

40

50

Pine

A

Larch

C18

Aa

C14C14 C14

10

15

Spruce

20

Flat/Round Sawn

100

B

C24

20

C18

0

C30

0

Oak

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hazel
Ivy

Holly

C14

10

Wet (moving) & LightHumid & Light

Alder Swamp
(ALNION)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade

Fagus sylvatica (Beech)

Fraxinus excelsior (Ash)

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Alder
(50x50)

0

Alder
(50x50)

0

Pine

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150100

Oak (2-3)

50

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Ilex aquifolium (Holly)

50 kN

100

0

-200

-50

-250

Beech (GG)

European Ash
(Fraxinus excelsior)

50

20 kN

Cornus sanguinea (Dogwood)

0,2 kN

0

0,5 kN 0,5 kN

50

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

σ-shear [MPa]

0

D18 ?

D45 ?

Species Growth & Productivity

50

0,2 kN

0

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

Hornbeam

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Rosa canina (Dog Rose)

Lonicera periclymenum (Honeysuckle)

Grade 6:
Energy Recovery

C24

Larch

Larch

Fir

-50

140

-150

King Post Roof Truss

C18

Hornbeam

OakHornbeam

100

C24

C18
C14

-50

C14

C35

C18

C30

D18

50

150

3

15

60

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

150

D40

0

Oak

Prunus padus (Bird Cherry)

Ca. 266 / phase / ha
Av. 10,6 / year / ha

200

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Assumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Cant Sawn

Beech

D30

1 ALDER

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Carpinus betulus (Hornbeam, 50 y)

C18

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

Light

Grade 6:
Energy Recovery

1 ASH

100

D45 ?

B

150

0

100

C30

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Larch

0

Oak

C14

7

Alder

0

7

Ash

C14

AshLarch

6

D24 ?

0

    Hardness - Janka [kN]

10

16

C35

C30
12

C30

8

6

8

D30
C24

C22

C24 C24

100

C18C18C18

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

15

D35

Prunus padus (Bird Cherry)

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

C14

Euonymus europaeus (Spindle)

C14

2

Spruce

Cornus sanguinea (Dogwood)

C18

-50

Crataegus laevigata (Hawthorn)

4

Lonicera periclymenum (Honeysuckle)

Other species

3

Species for felling

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Oak FirLarchPine

C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

Ash Beech

C24

D40

2

D35

9

5

11

13

14

Pine

C24

17

18

Hornbeam Fir

// D30

// C14

Pine

Hornbeam

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

-50

Ash: 53 m³/ha

Alder: 131 m³/ha

200

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Ash

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

6,4

5,2

2,0

16,1

1:2

4,6

14,1

4,4

5,7

13,6

17,4

50

Beech: 31 m³/ha

Alder

// σ-compressive [MPa]

0

FirLarch

LarchPineAsh

0

0

1

// σ-bending (modulus of rupture) [MPa]

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Els
- Fijn timmerwerk (lijsten)

Ilex aquifolium (Holly)

0
Alder (GG)Alder (5)

100

Durability Mold

Hornbeam

Alder

Oak

Ash

100

Alder

Hornbeam

Alder

8

Oak

Alder

C22

50

3

Beech

C18C18 C18

D35

C30

Beuk
- Binnentrappen

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

Haagbeuk
- ?

Beuk
- Vloer
- Trap
- Betimmering

9

C14C14

    Hardness - Janka [kN]

D45 ?

90

C30 C30 C30

D40D40

0

Beech

140

50

100

60

20

Fagus sylvatica (European Beech) (25%)

Beech

80

Ash

200

Hornbeam

100

TensionFraxinus excelsior (European Ash) (75%) Hardness

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Quercus patraea (Winter Oak) (15%)

10050

-50

-150

50

100

C18

12

4

20
Light:

60

80

Humidity:

120

D18

Soil:

50 100

Grade 1:
1x Column (15.000 x Ø950)

C14

150

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Dry

D40

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

D30

150

D18

C30
C35

C14

-50

180

C14

50

100

150

C14

14

Humidity:

C24

Soil:

C24

C18C18

80

Abiotic qualities C22

C14

50

200

C30

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

13

200

Alder Ash

Half-shade; Light

50

Beech BeechAshAlder Pine

30

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

10

60

0

Abiotic qualities

C24

100

Alnus glutinosa (Black Alder) (75%)

-250

-200

Hornbeam

Wet; moving or standing water

C14

-50

50

D40

Ab

100

C30

Oak

15050

Humidity

Fir

150

100

Larch

B

Light

40

-100

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 1:
1x Pile (5.000 x Ø220)

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Sand/Loam/Clay; Mineral; Rich

D40

A

0

100

D30 C30

-50

BeechAshAlder

C18
C24

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1000

Fir

D35

800

Oak

600

500

17

C22

C14

70

16

100

Type 3: Ash-Alder Forest

80

40

0

12

11

Fir

C22

C18

9

0

8

D35

C18

Spruce

6

D35

D30

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40

Black Currant
Nettle

Ash

D40

Ash

Pine

Beech

C30

Rift

C30

True Quarter

Quarter Sawn

Slavonian

C35

C14

// D45 ?

Alder

// D24 ?

// C14

// C30

Spruce

// C30// C30

// C14
// D35
// D40

Larch

10

20

15

Oak

A B

Hornbeam

15

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

10

5

0

C30

C14 C14

Pine

C30

C14

C18 C18 C18

C35

60

Black Alder
(Alnus glutinosa)

0

C24

C14

C24

C22

Species Growth & Productivity

C14

C30

C14

C35

100

Summer Oak

D30

BA

D18 ?

D45 ?

D40

150

Grade 1:
2x Column (6.800 x Ø340)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

D35

C18

1 OAK

150

Black Alder

C18C18

1 BEECH1 ASH

D45 ?

20

Cant Sawn

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Beech

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Alnus glutinosa (Black Alder, 50 y)

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

// σ-tensile (yield) [MPa]

0 0

0

AlderAlder

0

Oak

Dogwood
Honeysuckle

Hawthorn

0

C14C14C14

C30C30

D40

C14

D30

0 0 0

C18 C18 C18

00

45

35

C35

25

D35

20

40

C24

15

10

0

C24 C24

10

20

30

Ash

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Modified Queen Roof Truss

70

80

0

0

Fink Roof Truss Fan Roof Truss

Howe Roof Truss

Forest Complexes, Species & Products

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Alnus glutinosa (Black Alder)

Quercus robur (Summer Oak)

Carpinus betulus (Hornbeam)

0

0,5 kN

0,2 kN0,2 kN

Larch

150

Beech

-200

50

Beech (5)

100

50 kN

20 kN20 kN20 kN

0 50 150

Ash (5)

Oak (2-3)

Pine

Alder
(50x50)

0 Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Corylus avellana (Hazel)

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

D18 ?

0

50 100

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade Humid/Dry & Light/Shade Wet (moving) & Light

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Oak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

1

4

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

Pratt Roof Truss

6

3

Hornbeam FirLarch

-50

Alder Ash

100

0

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

10

15

0
Hornbeam

Type 1: Oak-Beech-Hornbeam Forest

50 100 200

5

10

40

20

-150

35

// D40

60

140

// C14

200

45

160

Hornbeam

140

100

Alder

Spruce

20

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

220

240

60

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Hornbeam: 38 m³/ha

European Beech

Hornbeam

European Ash

50

// σ-tensile (yield) [MPa]

Hornbeam

Beech

Ash
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70

80

90

D30

C14 C14
C18 C18

C24C24

50

30

10

C24 C24

C35

C18C18

D40

C30

C14

50

-50

Oak

0

Fraxinus excelsior (European Ash) (25%)

Bird Cherry
(Prunus padus)

Flowing Water

Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

80

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

6

Beech

-150

60

40

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

C30 C30

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

180

200

0

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Oak (G)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

// C35
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Pratt Bridge Truss
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150

Beech
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Hornbeam
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150

Ash

40

Ash

100

Hornbeam

D30

Youngs Modulus

Ash

C24

Oak

C24

C14

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Ash Oak

Alder

Oak

Harvest Period

150

Oak

Alder

Beech

0

Beech

Oak

0

Growth Rate

50

Ash (G)

150

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Es
- Binnentrappen

Durability Insects

D18 ?

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Alder

Alder

Fir

Ash Hornbeam

150

Spruce

100

Oak: 46 m³/ha

Ash

Oak

-50

Alder

-100

Oak: 33 m³/ha

FirSpruceHornbeam

Ash: 158 m³/ha

C24

9

11

1

D40

120

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

C24

-100

D40

40

100

160

30

25

200

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

Fir

Light

// E [GPa]

PineBeech

Quarter

FirOak

D40

Ash

HumidityType 2: Ash-Oak Forest

Pine

7

50

Larch

150100

Alder OakHornbeam

14

13

200

15

Hornbeam

10

0

18

700

400

300

BeechLarch

900

SprucePine

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Volume [m³/ha] European Ash (Fraxinus excelsior)

Flat/Round Sawn

150

BeechAsh

50

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Alder Pine

B

-100

Spruce

Grade 5:
Sheet Materials & Dowels

A

Grade 1:
1x Column (5.000 x Ø440)

40

Grade 6:
Energy Recovery

150

Hornbeam

Aa

-150

-100

100

150

Oak Larch Fir

180

Spruce

50

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Larch

B

C14

C24

C30

C18

C30

Ab

Light

C14

Aa

Grade 1:
1x Column (7.500 x Ø600)

200

20

Humidity

5

C18

30

0

European Ash
(Fraxinus excelsior)

C30

C30

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

D40

C22

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

Wet (standing) & Light

Honeysuckle
Dog Rose

Winter Oak
(Quercus patraea)

Wet/Humid & Light

Ash-Oak Forest

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Prunus padus (Bird Cherry)

Fagus sylvatica (Beech)

Humid & Light

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Fraxinus excelsior (Ash)

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder
(50x50)

0

100

Beech

50 kN

150

0

0

20 kN

-250

-150

-50

-100

Hornbeam
(Carpinus betulus)

Beech (GG)

European Beech
(Fagus sylvatica)

20 kN

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Summer Oak
(Quercus robur)

0,5 kN

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Summer Oak
(Quercus robur)

D45 ?

Ribes nigrum (Black Currant)

D18 ?

0,2 kN0,2 kN

Hornbeam

Lonicera periclymenum (Honeysuckle)

Church Truss in France

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,2 kN

40

Howe Bridge Truss

// D30

120

// C14

40

C18

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Spruce

100

Larch

80

C18

Hornbeam

C18

Oak

C24

D35

D18

Pine

C14

-150

Oak

-100

0

FirSpruce

C30C30

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

C24

European Ash
(Fraxinus excelsior)

Fraxinus excelsior (Ash, 75 y)

Carpinus betulus (Hornbeam, 50 y)

Spindle
Guelder Rose

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Beech

D18

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Hazel
Ivy

Honeysuckle

Live/Plain Sawn

Bird Cherry
(Prunus padus)

C18

1 HORNBEAM

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Oak

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

D18 ?

Alder
(30x30)

0

-100

150

0

19

Pine

100

// σ-shear [MPa]   &      σ-shear [MPa]

Fir

D40

C14

King Post Roof Truss

7

Alder

19

5

OakLarch

C14

Alder-Ash
Forest

Species for felling

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

20

16

C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

4

0

Ash

8

C14

Euonymus europaeus (Spindle)

C14

9

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

2

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Other species

3

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

    Hardness - Janka [kN]

Beech

C24

D40

2

D35

7

C24

10

7

13

14

15

Hornbeam

50

17

18

// σ-bending (modulus of rupture) [MPa]

Oak

C22

5

150

PineAsh

Beech

Ash: 53 m³/ha

Alder: 131 m³/ha

// σ-compressive [MPa]

100

160

Spruce

80

Hornbeam

200

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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4

-0,8

-0,
14

1 -0,424
-0,141

-50 -50-80 -80

-70
,7 -70,7-42

,4 -42,4-14
,1 -14,1

+80

+0,1
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+0,5

+0,3

+0,5

+0,3

+0,8 +0,9

+0,1

+0,8

+50 +50+80 +90 +90

+30 +30+10 +10

Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest
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ecosystem to building system

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

6,4

4,6

2,0

5,2

17,4

1:2

14,1
13,6

5,7

4,4

16,1

Oak: 46 m³/ha

100

Ash Hornbeam FirLarchSpruce

LarchPineAsh

D18 ?

0

1

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Els
- Fijn timmerwerk (lijsten)

Es
- Binnentrappen

50 100 150

Ilex aquifolium (Holly)

Oak

Hornbeam

Growth Rate

Ash

Beech

Alder

Hornbeam

Harvest Period

Alder

8

OakOak

C22

Oak

3

C18C18 C18

D35

Alder (5)
0

Ash (G)

C30

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

C14

9

C14

90

C30

0

C30

100

D40D40

Hornbeam

11

140

150

100

100

60

40

20

Ash

80

200

HornbeamHornbeam
Fagus sylvatica (European Beech) (25%)

ShearFraxinus excelsior (European Ash) (75%) Youngs Modulus

150

Quercus patraea (Winter Oak) (15%)

50

-50

-100

50

100

150

C18

4

40

Light:

D18

100

Humidity:

160

Soil:

100

Grade 1:
1x Column (15.000 x Ø950)

180

C14

D40

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

D30 C30

Dry

C30

D18
C14

-50

-100

180

150

80

C14

150

0

Soil:

13

D18

C24 C24

C18C18 C18

Humidity:

Abiotic qualities

Oak

C14

100

200

C30

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Larch
Sand/Loam/Clay; Mineral; Rich

12

C18

Pine

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

100

20

Beech Beech

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

Alder Pine

200

Larch

Light:

60

150

Flowing Water

C24

50

Bird Cherry
(Prunus padus)

-200

Hornbeam

-150

30

C14

Aa

100

D40

150

150

C30

150100

Humidity

Fir

Grade 1:
1x Column (5.000 x Ø440)

Fraxinus excelsior (European Ash) (25%)

50

A

Grade 5:
Sheet Materials & Dowels

Spruce

20

-50

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Pine

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Wet; moving or standing water

D40

Ash

150

Beech

D40

C30

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

AshAlder Pine

D30

C24

Larch

900

Volume [m³/ha] European Ash (Fraxinus excelsior)

C35

700

18

500

17

400

C24

C14

50

200

15

Hornbeam

70

30

Oak

11

Fir

10

80

C18

50

Larch

7

C18 C18

6

D35

Pine

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40

Alder

10

Ash

C14

Beech

Pine

Quarter

C30

Beech

C35

Quarter Sawn

Slavonian

Ash

D30

C14

// D45 ?

Pine

// D24 ?

// C14

// C30

// E [GPa]

// C30// C30

// C14
// D35
// D40

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

20

20

15

Flat/Round Sawn

B

Hornbeam

Type 2: Ash-Oak Forest

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Grade 1:
1x Column (7.500 x Ø600)

Humidity

C14

220

C14 C14

Light

Hornbeam

C14

C18

C30

C18

C35

C18

70

D35

C14

B

C24

C22

C14

European Beech

C30

C14

C35

19

Hornbeam

Black Alder

BA

D40

D45 ?

D40

D18 ?

150

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

C18

1 OAK1 HORNBEAM

Species Growth & Productivity

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Bird Cherry
(Prunus padus)

C18

1 ASH

D45 ?

Live/Plain Sawn

Beech

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

0

Carpinus betulus (Hornbeam, 50 y)

Fraxinus excelsior (Ash, 75 y)

Spindle
Guelder Rose

Alder
(30x30)

0

// σ-tensile (yield) [MPa]

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

Bending

0

0

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Alder

0

Fir

Dogwood
Honeysuckle

Hawthorn

0

C14C14C14

C30C30

D40 D40

100

0 0 0

C18 C18

European Ash
(Fraxinus excelsior)

00

C18

35

C35

30

D35

20

40

C24

15

10

5

C24 C24 C22

20

30

40

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl

60

Modified Queen Roof Truss

70

0

0

D18 ?

Fink Roof Truss

Howe Roof Truss

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

0,5 kN

0,2 kN0,2 kN0,2 kN

Beech (GG)

-50

-100

-250

Beech (5)

100

150

50 kN

20 kN20 kN

0 50 100

Ash (5)

Oak (2-3)

Beech

Alder
(50x50)

0

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Fraxinus excelsior (Ash)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Hornbeam
(Carpinus betulus)

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Howe Bridge Truss

Hornbeam

Crataegus laevigata (Hawthorn)

D18 ?

Lonicera periclymenum (Honeysuckle)

50 100

Summer Oak
(Quercus robur)

Dry & Shade Humid/Dry & Light/Shade Humid & Light Wet (standing) & Light

Honeysuckle
Dog Rose

Ash-Oak ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen
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Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

2

7

5

King Post Roof Truss

Oak Larch

-50

Spruce

50

Beech

Pratt Bridge Truss

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

20

Ash

// σ-shear [MPa]   &      σ-shear [MPa]

50 100 150

European Ash
(Fraxinus excelsior)

0

80

20

-150

40

// D40

60

100

// C14

160

// C35

200

Hornbeam

140

120

60

40

-150

80

0

240

60

40

80

200

150

100

European Ash

50

Summer Oak

Pine

Beech

Ash

10

30

50

60

80

90

C30
D40

C14

Black Alder
(Alnus glutinosa)

C18

C24C24 C22

40

Black Currant
Nettle

C22C24

D35

C18C18C18

C30

C14

0

-100

Oak

0 50

Alnus glutinosa (Black Alder) (75%)

Abiotic qualities

10

Humidity: Humid
Half-shade; Light

Soil: Sand/Loam; Mineral; Rich

14

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

9

C30C30

5

6

7

8

C35

2

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

7

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

4

Beech20

100

Alder

Spruce

Alder

C30

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

C30

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

180

45

180

0

160

D40

// σ-tensile (yield) [MPa]

Ash

0

200

-150

100

0

Tension

Hornbeam

Hardness

150

Beech

Beech

Ash

Ash

50

D30

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

100

Beech

C24

Ash

C24

C14

Oak

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Alder

Oak

Alder

150

Oak

Alder

Ash

0

200

100

Alder

Beech

Durability Mold

50

Alder (GG)

Durability Insects

Haagbeuk
- ?

Beuk
- Binnentrappen

0

// σ-bending (modulus of rupture) [MPa]

    Hardness - Janka [kN]

Beuk
- Vloer
- Trap
- Betimmering

Alder

Ash

Fir

D45 ?

0

// σ-compressive [MPa]

AlderAlder

Beech: 31 m³/ha

Beech

Oak

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Ash: 53 m³/ha

Ash

Oak: 33 m³/ha

Ash: 158 m³/ha

C22

PineOak

50

17

10

13

C24

C30

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

80

C24

120

-100

D40

60

50

15

30

25

20

Fir

Humidity

Larch

Light

Spruce

True Quarter

Rift

FirOak

Ash Alder Oak

D30

Spruce

0

8

100

9

D40

12

14

13

0

100

Type 3: Ash-Alder Forest

16

150

0

600

Oak

300

Hornbeam Beech

1000

Fir

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Spruce

800

A

100

50

0

-100

Alder

B

Grade 1:
1x Pile (5.000 x Ø220)

A

-50

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Light

B

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 6:
Energy Recovery

40

LarchOak

Ab

Hornbeam

-100

-50

50

Oak

100

Fir

0

150

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

-250

Beech

0

Larch

C14

C24

C30

C14

Ab

C18

Aa

C30 C30

C24

10

Spruce

20

5

1

0

45

25

0

C18

C30

C30

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

D30

10

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Wet/Humid & Light Wet (moving) & Light

D45 ?

Quercus patraea (Winter Oak)

Carpinus betulus (Hornbeam)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Winter Oak
(Quercus patraea)

Oak-Hornbeam Forest

Viburnum opulus (Guelder Rose)

// σ-shear [MPa]

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Alder
(50x50)

0

Pine

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Prunus padus (Bird Cherry)

20 kN

0

50 kN

20 kN

50

0

Beech

European Beech
(Fagus sylvatica)

-150

-200

20 kN

Fagus sylvatica (Beech)

Quercus robur (Summer Oak)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,5 kN

0

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Carpinus betulus (Hornbeam)

0,2 kN

Forest Complexes, Species & Products

Summer Oak
(Quercus robur)

D45 ?

Fan Roof Truss

0,2 kN

80

Ash

Larch

Hedera helix (Ivy)

Corylus avellana (Hazel)

Church Truss in France

150

Ash

0

-100

// D30

120

40

Spruce

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

150

10

C22

C18

Hornbeam Fir

C24

200

5

100

C14

50

Fir

C14

-150

D35

50

35

D18

C30

C24

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

150

Alnus glutinosa (Black Alder, 50 y)

Fagus sylvatica (Beech, 75 y)

Hazel
Ivy

Honeysuckle

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Beech

C35

Quercus robur (Summer Oak, 150 y)

200

Cant Sawn

C18

1 BEECH

C18

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

D35

Grade 1:
2x Column (6.800 x Ø340)

Alder
(30x30)

0

Oak

D30

Alder

50

0
Oak

Type 1: Oak-Beech-Hornbeam Forest

D18 ?

C14

Hornbeam

6

Oak

19

3

HornbeamLarch

C14

Alder-Ash
Forest

Species for felling

15

0

16

C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

3

Hornbeam

Alder

Pratt Roof Truss

C14

Euonymus europaeus (Spindle)

C14

8

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

9

    Hardness - Janka [kN]

Other species

2

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

5

Beech

C24

D40

1

D35

7

Pine

9

11

6

14

15

C24

Alder

18

// σ-bending (modulus of rupture) [MPa]

Hornbeam FirSpruce

10

Alder

-50

Alder: 131 m³/ha

// σ-compressive [MPa]

-100

Ash

140

// C14

Spruce

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Compression

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood (ca. 8,4 m³/ha/y)

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

4,4

14,1

2,0

1:2

6,4

5,7

17,4

4,6
5,2

13,6

16,1

Ash: 158 m³/ha
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// σ-bending (modulus of rupture) [MPa]
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Fagus sylvatica (European Beech) (25%)
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C30
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D40D40
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Fraxinus excelsior (European Ash) (75%)

C14
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150
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Quercus patraea (Winter Oak) (15%)
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HornbeamHornbeam

Compression

Light:

ShearHardnessYoungs Modulus

15010050

C18
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50

Dry

150

200
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Spindle
Guelder Rose

D18

100

120
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Humidity:

100

Soil:

180

D40

80

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)
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Soil:
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C14Wet; moving or standing water
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Sand/Loam/Clay; Mineral; Rich
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C30

C18

C22

Humidity

Fir
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Abiotic qualities

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 5:
Sheet Materials

Alnus glutinosa (Black Alder) (75%)

Spruce

200

PineAlder

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Ash

Hazel
Ivy

Honeysuckle

Beech

60

Type 1: Oak-Beech-Hornbeam Forest

0

C24

Alder

200

Spruce

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)
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10 C30

Fir

D40

Oak

C14
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-250

Hornbeam
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0

Hornbeam
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C18

50

Fir

Grade 1:
1x Column (5.000 x Ø440)

Larch

A B

C18

C14

Humidity:

40

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Pine

Grade 5:
Sheet Materials

10

C22

B

Ash

0

150

70

50

-50

Beech

C24

Ash Pine Spruce

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

Larch

C18

C24

C24

900

Fir

Volume [m³/ha] European Ash (Fraxinus excelsior)
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150100
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0
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Spruce

80

20

D35

D30

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40
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// D24 ?

// C14

// C30

Ash

// C30// C30

// C14
// D35
// D40

Rift

30
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Quarter Sawn

Slavonian

Ash Pine

// E [GPa]

Black Alder

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

FirOak

A

Hornbeam

European Ash

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Grade 1:
1x Column (7.500 x Ø600)

50

5

C30

C14

Summer Oak
(Quercus robur)

C30

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)
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Species Growth & Productivity
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D30

A

D40

D18 ?
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Grade 1:
2x Column (6.800 x Ø340)
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Grade 5:
Sheet Materials & Dowels

D35

C18

1 OAK1 HORNBEAM
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C18 C18

1 BEECH

Humidity

D45 ?

Live/Plain Sawn
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Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Black Alder
(Alnus glutinosa)

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Fraxinus excelsior (Ash, 75 y)

Alnus glutinosa (Black Alder, 50 y)

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

// σ-tensile (yield) [MPa]

Bending

0

0

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering
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0 00
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Ash

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

Modified Queen Roof Truss

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Black Currant
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Fink Roof Truss Fan Roof Truss

Howe Roof Truss

70

80

0

Forest Complexes, Species & Products

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Carpinus betulus (Hornbeam)

Fagus sylvatica (Beech)

0,2 kN0,2 kN0,2 kN

150

Beech

-100

-150

Beech (5)

150

0

50 kN

20 kN20 kN20 kN20 kN

0

Ash (5)

Beech

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Euonymus europaeus (Spindle)

Prunus padus (Bird Cherry)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Howe Bridge Truss

Corylus avellana (Hazel)

D18 ?

Church Truss in France

Honeysuckle
Dog Rose

100

Humid/Dry & Light/Shade Wet/Humid & Light Wet (standing) & Light

Alder-Ash Forest
(ALNO-PADION)

Ash-Oak ForestOak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

1

9

Pratt Roof Truss

6

0

Winter Oak
(Quercus patraea)

Hornbeam Oak Spruce

-100

50

Beech

Pratt Bridge Truss

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

Dogwood
Honeysuckle

Hawthorn

5

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

Alder Hornbeam

// σ-shear [MPa]   &      σ-shear [MPa]
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Hornbeam Spruce

60

40

-150

80

0

220

240

Beech
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200150

European Beech

Summer Oak
(Quercus robur)

100

Summer Oak

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

// σ-tensile (yield) [MPa]
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-100
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Oak

100

Fraxinus excelsior (European Ash) (25%)

Abiotic qualities
Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

14

50

Sand/Loam; Rich in humus

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

20

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

Alder-Ash
Forest

C14

Species for felling

19

D45 ?

C14

Beech

C30

Other species

100

Ribes nigrum (Black Currant)

0

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

Alder

Spruce

45

// C35

180

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Alder

Grade 1:
1x Column (15.000 x Ø950)

Alder
(30x30)

0

Type 2: Ash-Oak Forest

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

160

Ash

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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Hornbeam
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C14
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Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Oak Oak
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Hornbeam

Alder

150100

Alder

50

-100

C30

60

Beech

Durability Insects

100
Alder (GG)Alder (5)

Durability Mold

Beuk
- Binnentrappen

Els
- Fijn timmerwerk (lijsten)

80

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

D18 ?

0

9

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Bird Cherry
(Prunus padus)

    Hardness - Janka [kN]

Spruce Larch

Fir

Fir

Oak

150

Alder

100

Haagbeuk
- ?

50

Oak: 33 m³/ha

// σ-compressive [MPa]

-100

Beech: 31 m³/ha

Alder

C22

Spruce

European Ash
(Fraxinus excelsior)

// σ-bending (modulus of rupture) [MPa]

Oak

15

C14

Flowing Water

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

D18

120

D40

Alder

C18

7

C18

1

Hedera helix (Ivy)

Hornbeam

0

-100

C14

50

C14

4

Corylus avellana (Hazel)

C18

C24

-150

100

Beech

True Quarter

Quarter

Beech

D40

Pine

6

FirOak

8

20

Pine
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Type 3: Ash-Alder Forest

Larch

11

13

Larch

300

600

17

800

Oak

100

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Alder

1000

Beech

-100

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Beech

100

Beech

European Beech
(Fagus sylvatica)

Alder

Grade 1:
1x Pile (5.000 x Ø220)

Grade 6:
Energy Recovery

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Grade 5:
Sheet Materials & Dowels

Spruce

Grade 6:
Energy Recovery

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Alder

100

Oak

Ab
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40

Aa

100
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C30

0

50

Light

C14

Larch

-200

Humidity

Ash Beech

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

40

50

Pine

A

Larch

C18

Aa

C14C14 C14
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15

Spruce

20

Flat/Round Sawn

100

B

C24

20

C18

0

C30

0

Oak

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hazel
Ivy

Holly

C14

10

Wet (moving) & LightHumid & Light

Alder Swamp
(ALNION)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade

Fagus sylvatica (Beech)

Fraxinus excelsior (Ash)

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Alder
(50x50)

0

Alder
(50x50)

0

Pine

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150100

Oak (2-3)

50

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Ilex aquifolium (Holly)

50 kN

100

0

-200

-50

-250

Beech (GG)

European Ash
(Fraxinus excelsior)

50

20 kN

Cornus sanguinea (Dogwood)

0,2 kN

0

0,5 kN 0,5 kN

50

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

σ-shear [MPa]

0

D18 ?

D45 ?

Species Growth & Productivity

50

0,2 kN

0

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

Hornbeam

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Rosa canina (Dog Rose)

Lonicera periclymenum (Honeysuckle)

Grade 6:
Energy Recovery

C24

Larch

Larch

Fir

-50

140

-150

King Post Roof Truss

C18

Hornbeam

OakHornbeam

100

C24

C18
C14

-50

C14

C35

C18

C30

D18

50

150

3

15

60

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

150

D40

0

Oak

Prunus padus (Bird Cherry)

Ca. 266 / phase / ha
Av. 10,6 / year / ha

200

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Assumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Cant Sawn

Beech

D30

1 ALDER

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Carpinus betulus (Hornbeam, 50 y)

C18

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

Light

Grade 6:
Energy Recovery

1 ASH

100

D45 ?

B

150

0

100

C30

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Larch

0

Oak

C14

7

Alder

0

7

Ash

C14

AshLarch

6

D24 ?

0

    Hardness - Janka [kN]

10

16

C35

C30
12

C30

8

6

8

D30
C24

C22

C24 C24

100

C18C18C18

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

15

D35

Prunus padus (Bird Cherry)

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

C14

Euonymus europaeus (Spindle)

C14

2

Spruce

Cornus sanguinea (Dogwood)

C18

-50

Crataegus laevigata (Hawthorn)

4

Lonicera periclymenum (Honeysuckle)

Other species

3

Species for felling

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Oak FirLarchPine

C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

Ash Beech

C24

D40

2

D35

9

5

11

13

14

Pine

C24

17

18

Hornbeam Fir

// D30

// C14

Pine

Hornbeam

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

-50

Ash: 53 m³/ha

Alder: 131 m³/ha

200

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Ash

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

6,4

5,2

2,0

16,1

1:2

4,6

14,1

4,4

5,7

13,6

17,4

50

Beech: 31 m³/ha

Alder

// σ-compressive [MPa]

0

FirLarch

LarchPineAsh

0

0

1

// σ-bending (modulus of rupture) [MPa]

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Els
- Fijn timmerwerk (lijsten)

Ilex aquifolium (Holly)

0
Alder (GG)Alder (5)

100

Durability Mold

Hornbeam

Alder

Oak

Ash

100

Alder

Hornbeam

Alder

8

Oak

Alder

C22

50

3

Beech

C18C18 C18

D35

C30

Beuk
- Binnentrappen

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

Haagbeuk
- ?

Beuk
- Vloer
- Trap
- Betimmering

9

C14C14

    Hardness - Janka [kN]

D45 ?

90

C30 C30 C30

D40D40

0

Beech

140

50

100

60

20

Fagus sylvatica (European Beech) (25%)

Beech

80

Ash

200

Hornbeam

100

TensionFraxinus excelsior (European Ash) (75%) Hardness

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Quercus patraea (Winter Oak) (15%)

10050

-50

-150

50

100

C18

12

4

20
Light:

60

80

Humidity:

120

D18

Soil:

50 100

Grade 1:
1x Column (15.000 x Ø950)

C14

150

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Dry

D40

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

D30

150

D18

C30
C35

C14

-50

180

C14

50

100

150

C14

14

Humidity:

C24

Soil:

C24

C18C18

80

Abiotic qualities C22

C14

50

200

C30

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

13

200

Alder Ash

Half-shade; Light

50

Beech BeechAshAlder Pine

30

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

10

60

0

Abiotic qualities

C24

100

Alnus glutinosa (Black Alder) (75%)

-250

-200

Hornbeam

Wet; moving or standing water

C14

-50

50

D40

Ab

100

C30

Oak

15050

Humidity

Fir

150

100

Larch

B

Light

40

-100

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 1:
1x Pile (5.000 x Ø220)

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Sand/Loam/Clay; Mineral; Rich

D40

A

0

100

D30 C30

-50

BeechAshAlder

C18
C24

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1000

Fir

D35

800

Oak

600

500

17

C22

C14

70

16

100

Type 3: Ash-Alder Forest

80

40

0

12

11

Fir

C22

C18

9

0

8

D35

C18

Spruce

6

D35

D30

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40

Black Currant
Nettle

Ash

D40

Ash

Pine

Beech

C30

Rift

C30

True Quarter

Quarter Sawn

Slavonian

C35

C14

// D45 ?

Alder

// D24 ?

// C14

// C30

Spruce

// C30// C30

// C14
// D35
// D40

Larch

10

20

15

Oak

A B

Hornbeam

15

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

10

5

0

C30

C14 C14

Pine

C30

C14

C18 C18 C18

C35

60

Black Alder
(Alnus glutinosa)

0

C24

C14

C24

C22

Species Growth & Productivity

C14

C30

C14

C35

100

Summer Oak

D30

BA

D18 ?

D45 ?

D40

150

Grade 1:
2x Column (6.800 x Ø340)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

D35

C18

1 OAK

150

Black Alder

C18C18

1 BEECH1 ASH

D45 ?

20

Cant Sawn

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Beech

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Alnus glutinosa (Black Alder, 50 y)

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

// σ-tensile (yield) [MPa]

0 0

0

AlderAlder

0

Oak

Dogwood
Honeysuckle

Hawthorn

0

C14C14C14

C30C30

D40

C14

D30

0 0 0

C18 C18 C18

00

45

35

C35

25

D35

20

40

C24

15

10

0

C24 C24

10

20

30

Ash

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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70
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Howe Roof Truss

Forest Complexes, Species & Products

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Alnus glutinosa (Black Alder)

Quercus robur (Summer Oak)

Carpinus betulus (Hornbeam)

0

0,5 kN

0,2 kN0,2 kN

Larch

150

Beech

-200

50

Beech (5)

100

50 kN

20 kN20 kN20 kN

0 50 150

Ash (5)

Oak (2-3)

Pine

Alder
(50x50)

0 Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Corylus avellana (Hazel)

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

D18 ?

0

50 100

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade Humid/Dry & Light/Shade Wet (moving) & Light

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Oak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

1

4

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

Pratt Roof Truss

6

3

Hornbeam FirLarch

-50

Alder Ash

100

0

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

10

15

0
Hornbeam

Type 1: Oak-Beech-Hornbeam Forest

50 100 200

5

10

40

20

-150

35

// D40

60

140

// C14

200

45

160

Hornbeam

140

100

Alder

Spruce

20

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

220

240

60

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Hornbeam: 38 m³/ha

European Beech

Hornbeam

European Ash

50

// σ-tensile (yield) [MPa]

Hornbeam

Beech

Ash

20

30

50

70

80

90

D30

C14 C14
C18 C18

C24C24

50

30

10

C24 C24

C35

C18C18

D40

C30

C14

50

-50

Oak

0

Fraxinus excelsior (European Ash) (25%)

Bird Cherry
(Prunus padus)

Flowing Water

Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

80

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

6

Beech

-150

60

40

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

C30 C30

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

180

200

0

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Oak (G)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

// C35

Bending

Pratt Bridge Truss

180

150

-100

150

Beech

Compression

Hornbeam

Shear

150

Ash

40

Ash

100

Hornbeam

D30

Youngs Modulus

Ash

C24

Oak

C24

C14

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Ash Oak

Alder

Oak

Harvest Period

150

Oak

Alder

Beech

0

Beech

Oak

0

Growth Rate

50

Ash (G)

150

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Es
- Binnentrappen

Durability Insects

D18 ?

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Alder

Alder

Fir

Ash Hornbeam

150

Spruce

100

Oak: 46 m³/ha

Ash

Oak

-50

Alder

-100

Oak: 33 m³/ha

FirSpruceHornbeam

Ash: 158 m³/ha

C24

9

11

1

D40

120

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

C24

-100

D40

40

100

160

30

25

200

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

Fir

Light

// E [GPa]

PineBeech

Quarter

FirOak

D40

Ash

HumidityType 2: Ash-Oak Forest

Pine

7

50

Larch

150100

Alder OakHornbeam

14

13

200

15

Hornbeam

10

0

18

700

400

300

BeechLarch

900

SprucePine

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Volume [m³/ha] European Ash (Fraxinus excelsior)

Flat/Round Sawn

150

BeechAsh

50

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Alder Pine

B

-100

Spruce

Grade 5:
Sheet Materials & Dowels

A

Grade 1:
1x Column (5.000 x Ø440)

40

Grade 6:
Energy Recovery

150

Hornbeam

Aa

-150

-100

100

150

Oak Larch Fir

180

Spruce

50

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Larch

B

C14

C24

C30

C18

C30

Ab

Light

C14

Aa

Grade 1:
1x Column (7.500 x Ø600)

200

20

Humidity

5

C18

30

0

European Ash
(Fraxinus excelsior)

C30

C30

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

D40

C22

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

Wet (standing) & Light

Honeysuckle
Dog Rose

Winter Oak
(Quercus patraea)

Wet/Humid & Light

Ash-Oak Forest

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Prunus padus (Bird Cherry)

Fagus sylvatica (Beech)

Humid & Light

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Fraxinus excelsior (Ash)

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder
(50x50)

0

100

Beech

50 kN

150

0

0

20 kN

-250

-150

-50

-100

Hornbeam
(Carpinus betulus)

Beech (GG)

European Beech
(Fagus sylvatica)

20 kN

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Summer Oak
(Quercus robur)

0,5 kN

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Summer Oak
(Quercus robur)

D45 ?

Ribes nigrum (Black Currant)

D18 ?

0,2 kN0,2 kN

Hornbeam

Lonicera periclymenum (Honeysuckle)

Church Truss in France

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,2 kN

40

Howe Bridge Truss

// D30

120

// C14

40

C18

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Spruce

100

Larch

80

C18

Hornbeam

C18

Oak

C24

D35

D18

Pine

C14

-150

Oak

-100

0

FirSpruce

C30C30

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

C24

European Ash
(Fraxinus excelsior)

Fraxinus excelsior (Ash, 75 y)

Carpinus betulus (Hornbeam, 50 y)

Spindle
Guelder Rose

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Beech

D18

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Hazel
Ivy

Honeysuckle

Live/Plain Sawn

Bird Cherry
(Prunus padus)

C18

1 HORNBEAM

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Oak

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

D18 ?

Alder
(30x30)

0

-100

150

0

19

Pine

100

// σ-shear [MPa]   &      σ-shear [MPa]

Fir

D40

C14

King Post Roof Truss

7

Alder

19

5

OakLarch

C14

Alder-Ash
Forest

Species for felling

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

20

16

C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

4

0

Ash

8

C14

Euonymus europaeus (Spindle)

C14

9

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

2

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Other species

3

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

    Hardness - Janka [kN]

Beech

C24

D40

2

D35

7

C24

10

7

13

14

15

Hornbeam

50

17

18

// σ-bending (modulus of rupture) [MPa]

Oak

C22

5

150

PineAsh

Beech

Ash: 53 m³/ha

Alder: 131 m³/ha

// σ-compressive [MPa]

100

160

Spruce

80

Hornbeam

200

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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+0,3

+0,8 +0,9

+0,1

+0,8

+50 +50+80 +90 +90

+30 +30+10 +10

Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

 

 

APPENDIX D 
Application ranking matrix for five wood types in load-bearing constructions 

  Black 
Alder 

European 
Ash 

European 
Beech Hornbeam Summer 

Oak 

Tr
us

s c
on

st
ru

ct
io

n 

Top chord (rafter) B G G M 
(limited size) G 

Bottom chord  (tie) M G G M 
(limited size) G 

Web member (strut) B G G E G 

Web member (tie) M G G E G 

Zero-force members G G G G G 

Nodes, joints, pegs B E G 
(as dowels) E G 

Po
st

 &
 b

ea
m

 c
on

st
r. Posts & columns B G G M 

(limited size) G 

Beams & purlins B E G M 
(limited size) G 

Braces B G G M 
(limited size) G 

Knee braces B G G 
(universalist) G G 

(universalist) 

Pl
at

fo
rm

-f
ra

m
e 

co
ns

tr
uc

tio
n 

Sills or Soles B G 
(if durable) 

B 
(moisture) 

M 
(limited size) 

E 
(durability) 

Studs (vertical) M G G M 
(limited size) G 

Top plates M G G M 
(limited size) G 

Headers & lintels B E G E 
(short span) G 

Floor joists B E G E 
(short span) G 

Rim joists M G G 
(universalist) 

M 
(limited size) 

G 
(universalist) 

Sheathing E G G G G 

M
is

c.
 Foundation piles E M B 

(moisture) M G 

Foundation beams B M B 
(moisture) M E 

Note:  E = Excellent ;  G = Good ;  M = Moderate ;  B = Bad 

The appreciations in the matrix are based on the literature as discussed in the thematic research paper 
(paragraph 3.4), the comparative analysis of mechanical properties (see appx. C), as well as personal 
communications with Max Salzberger from Cologne University of Applied Sciences (M. Saltzberger, 
personal communications, January 7 2025). 
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ecosystem to building system
architectural tectonics

Oak cladding

Ash curtain wall frame

Oak knee braces

Beech columns

Hornbeam splines

Ash beams

Alder LVL construction floors

Hornbeam flooring



14

architectural tectonics

ecosystem to building system



15



16



17

architectural tectonics

ecosystem to building system
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ecosystem to building system
dimensions
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Totaal Debiet: 28.520 m³/h
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Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h

21 L/s kitchen
= 76 m³/h total

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

Max.
1.400
m³/h

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm
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7 L/s per toilet
= 202 m³/h total
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530 m³/h

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

3,2 L/s per m² shaft
= 91 m³/h total

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

n=1
130 m³/h

Haagbeuken

60
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1100 m³/h

50
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50

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h
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12

60
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270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

60m² * 2,6m = 156m³
156*75 = 12 kW

137m² * 3,1m = 425m³
425*75 = 32 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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= ca. 810 m³ * 75 W = 60 kW
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60m² * 3,1m = 186m³
186*75 = 14 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

60m² * 2,6m = 156m³
156*75 = 12 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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30 2x

Beuken

8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

7 L/s per toilet
= 202 m³/h total
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50

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h
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4000 m³/h

40
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6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

30

50

5-7-10-6-10-7-5

50

70

Haagbeuken

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

26

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

2x

50

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

n=1
130 m³/h

1 L/s/m²
= 151 m³/h

50

190
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-1
0

2x
145

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

60m² * 2,6m = 156m³
156*75 = 12 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

137m² * 3,1m = 425m³
425*75 = 32 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Hortus

Type 3

Machines & vehicles

Log pond

Biomeiler (ca. 600 m³)

Historical
Hiking

Bike parking

Bank reinforced
with L-elements

Bird spotting
silo

Trench silo parking

Type 2

Bio waste storage

Type 1

50

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

26

n=6
530 m³/h

n=6
2500 m³/h

Haagbeuken

10-6-10

170

6

n=1
130 m³/h

n=3
1900 m³/h

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

3,2 L/s per m² shaft
= 91 m³/h total

Essen

Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h

60

6

10-6-10

60

26

5050

50

12

40
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n=6
1100 m³/h

1 L/s/m²
= 151 m³/h
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40

21 L/s kitchen
= 76 m³/h total

Essen

n=3
6000 m³/h

n=4
2500 m³/h
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Max.
4.500
m³/h

6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

26

Max.
1.400
m³/h

5-7-10-6-10-7-5

30 2x

Beuken

8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

7 L/s per toilet
= 202 m³/h total
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26

n=6
1100 m³/h

50

60 30
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26

50

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

26
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530 m³/h

n=5
4000 m³/h
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2x

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

30

50

5-7-10-6-10-7-5

50

70

Haagbeuken

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

26

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

2x

50

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

n=1
130 m³/h

1 L/s/m²
= 151 m³/h

50

190

10
-6

-1
0

2x
145

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

60m² * 2,6m = 156m³
156*75 = 12 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

137m² * 3,1m = 425m³
425*75 = 32 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Bike parking

Biomeiler (ca. 600 m³)

Hortus

Bank reinforced
with L-elements
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Bird spotting
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Trench silo parking

Type 2

Bio waste storage
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14 L/s per bathroom
= 278 m³/h total

Beuken

2x

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

21 L/s kitchen
= 76 m³/h total

Max.
1.400
m³/h

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h
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HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

1 L/s/m²
= 151 m³/h

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

3,2 L/s per m² shaft
= 91 m³/h total

7 L/s per toilet
= 202 m³/h total

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h

6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

12

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

1 L/s/m²
= 151 m³/h

30

Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h

Max.
4.500
m³/h

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

60m² * 2,6m = 156m³
156*75 = 12 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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ecosystem to building system
dimensions

Bike parking

Biomeiler (ca. 600 m³)

Hortus

Bank reinforced
with L-elements

Log pond

Bird spotting
silo

Type 3

Type 1

Historical
Hiking

Machines & vehicles

Trench silo parking

Type 2

Bio waste storage
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10-6-10
145

70

8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h
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26

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

Beuken

2x

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

21 L/s kitchen
= 76 m³/h total

Max.
1.400
m³/h

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h
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HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

1 L/s/m²
= 151 m³/h

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

3,2 L/s per m² shaft
= 91 m³/h total

7 L/s per toilet
= 202 m³/h total

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h

6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

12

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

1 L/s/m²
= 151 m³/h

30

Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h

Max.
4.500
m³/h

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

60m² * 2,6m = 156m³
156*75 = 12 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Unmüssig Timber GmbH. (z.d.). Logs: Ash [Photo]. https://
unmuessig-timber.com/en/species/species-ash.html
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ecosystem to building system
temporality
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Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)
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Energy Recovery

Grade 5:
Sheet Materials & Dowels

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

1 OAK1 HORNBEAM1 BEECH1 ASH

D45 ?

D45 ?

Time

1 ALDER

σ-shear [MPa]

C
os

ts
 &

 P
ro

fit
s

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha
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Av. 2 / year / ha
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Quercus robur (Summer Oak, 150 y)
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Alnus glutinosa (Black Alder, 50 y)

0
BeechAsh

Time [y]

Pine Spruce Larch BeechAshOakHornbeam Pine Spruce

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY
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Hornbeam (60x60)
13.500 N/mm2 (V=5)
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l = 2.400 (2.500) mm
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Financial forecast for 25 ha indigenous production forest
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ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

// σ-shear [MPa]   &      σ-shear [MPa]

Hornbeam

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Alnus glutinosa (Black Alder)
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Species Growth & Productivity
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Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm
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Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Indication of financial feasibility
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Church Truss in France

Fraxinus excelsior (Ash)

Viburnum opulus (Guelder Rose)

Cornus sanguinea (Dogwood)

Prunus padus (Bird Cherry)

Fagus sylvatica (Beech)

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Quercus patraea (Winter Oak)

King Post Roof Truss

Corylus avellana (Hazel)

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

Lonicera periclymenum (Honeysuckle)

Time [y]

Years

-150

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Howe Roof Truss

Fan Roof Truss

150

Fink Roof Truss

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade

100

Modified Queen Roof Truss

Humid & Light Wet/Humid & Light

50

Wet (standing) & Light

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Ash-Oak ForestOak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

150

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

Pratt Bridge Truss

150100

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

C18

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

C18

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)
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    Hardness - Janka [kN]
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C35
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C14

D18 ?

C14

160

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y
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Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)
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Cant Sawn

0

Hornbeam
Beech (5)

Alder (GG)

Oak-Beech-Hornbeam
Forest

Ash (G)

Oak (2-3)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Haagbeuk
- ?

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Quercus robur (Summer Oak) (35%)

Carpinus betulus (Hornbeam) (25%)

Viburnum opulus (Guelder Rose)

Fraxinus excelsior (European Ash) (75%)

Beech
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- Binnentrappen
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Sand/Loam; Rich in humus
Dry Humidity:

Soil:
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Humidity:
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Wet; moving or standing water
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// σ-bending (modulus of rupture) [MPa]
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Light:
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Ilex aquifolium (Holly)
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Ash (5)
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Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)
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Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)
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Financial forecast for 25 ha indigenous production forest + nuts, currants & RV-spaces
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Ash: 158 m³/ha

Oak: 46 m³/ha
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Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

100

200

Hornbeam

D18 ?

0

Alder
(30x30)

0

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

FirAlder

Time [y]

0

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021
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Assumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Carpinus betulus (Hornbeam, 50 y)

Corylus avellana (Hazel)

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm
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// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
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50

D45 ?

1

200

Wet (moving) & LightHumid/Dry & Light/Shade

Pratt Roof Truss

Ash: 53 m³/ha

150

Howe Bridge Truss

-100

35

0

-50

120

19

20

80

50

-50

20

100

140

120

Hornbeam

Hedera helix (Ivy)

Corylus avellana (Hazel)

D35

Ash

Cornus sanguinea (Dogwood)

Prunus padus (Bird Cherry)

Ash

Compression

100

Ribes nigrum (Black Currant)

Alder Alder

50

Hardness

Alder

Hornbeam

Oak

Oak

Ash

Alder-Ash
Forest

100

240

60

Financial forecast forest expansion to 55 ha
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Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)
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In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y
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// E [GPa]

Oak FirLarchPine

0 50 150

Fraxinus excelsior (European Ash) (25%)

D40

6

8

9
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Humidity:

17
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-50

Half-shade; Light

Hornbeam

-100

LarchPine

-150

Spruce Larch

Beech

// σ-compressive [MPa]

Ash

Sand/Loam/Clay; Mineral; Rich

// σ-tensile (yield) [MPa]

Light

Hornbeam

Abiotic qualities

Oak Fir

150

Pine

0

Oak

Half-shade; Shade

Soil:

Pine

Abiotic qualities

Quercus robur (Summer Oak) (25%)

Quercus patraea (Winter Oak) (15%)

Fagus sylvatica (European Beech) (25%)

200

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Beuk
- Vloer
- Trap
- Betimmering

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

Beuk
- Binnentrappen

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

Rosa canina (Dog Rose)

Corylus avellana (Hazel)

Beech

Alder

Growth Rate

Ash

Beech

Alder

Harvest Period

Oak

Alder

Oak

Species for felling

Other species
Prunus padus (Bird Cherry)

Hornbeam

Beech

150

Euonymus europaeus (Spindle)

Beech
Crataegus laevigata (Hawthorn)

Hornbeam

Lonicera periclymenum (Honeysuckle)

Other species

Species for felling
Bending

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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Alder: 131 m³/ha

Oak: 33 m³/ha
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Beech: 31 m³/ha
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D30
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Financial forecast for 25 ha indigenous production forest + nuts, currants & RV-spaces

150

20

Financial forecast for 25 ha indigenous production forest + nuts & currants

C22

D35

C18C18

0 100

C30

C14

Spruce

// σ-tensile (yield) [MPa]

Hornbeam

50

LarchAsh Hornbeam Fir

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Ash Beech

Beech Pine Larch Fir

10050 200

-4

150

100

Grade 1:
1x Column (15.000 x Ø950)

-250

-200

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

-100

-50

Time [y]

150

15010050

150100

C24

0

150

50

-100

-50

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

0

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

1000

Volume [m³/ha] European Ash (Fraxinus excelsior)

800

700

500

400

300

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

100

0
150100

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

50

-1

-2

-3

2

3

4

Aa Ab

QuarterRift

True Quarter

Quarter Sawn

Grade 1:
1x Column (5.000 x Ø440)

Black Currant 30.000 EUR/y (for 8,3 ha agroforestry)

RV space 15.000 EUR/y (for 1000 m2)

Hazelnuts 50.000 EUR/y (for 8,3*1,5 ha agroforestry)

All thinning operations from 30y onwards

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

Nettle fibre
600 kg/ha/y

103

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

48

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

Felling Fs & Fe

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

63

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

29

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y
RV space: 15 EUR/m²/y

MAI: 4,0-6,3 m³/ha/y
Cut at: 130-150 y
Price: 1000-1200 EUR/m³
ROI: 169-260 y (av. 215 y)

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y

Felling Qr

Felling Cb & Ag

716281

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y
RV space: 15 EUR/m²/y
Building investment: ca. 3 million
Building exploitation: ca. 50.000 EUR/y
Other incomes: ca. 15.000 - 30.000 EUR/y

phase 3
educating, innovating, expanding

phase 2
managing & producing

reaccumulation
period 7 years

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Phase 2

start
felling

Harvest hazelnuts
and currants

Phase 3
forest

management

Phase 3Phase 1

Gemiddeld
ca 6,5 m³/ha/y

Harvest hazelnuts
and currents and
rent RV-space

start
felling

Qr

start
felling
Fs & Fe

start
thinning

Phase 3Phase 2Phase 1

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Phase 1
interim
income

Phase 2
forest

management

start
thinning

start
felling

Qr

start
felling
Fs & Fe

start
felling
Cb & Ag

start
thinning

start
felling

Qr

start
felling
Fs & Fe

start
felling
Cb & Ag

start
thinning

start
felling
Cb & Ag

Wood (5,2 m³/ha/y)

Wood (ca. 8,4 m³/ha/y)

start group-cutting
Alder & Hornbeam

Invest: 25.000
Exploit: 1.600/y

72

Invest: 25.000
Exploit: 1.600/y

80

building wood
innovation center

Invest in another 25 ha

Invest: 25.000
Exploit: 1.600/y

87

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

start
thinning

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Phase 6Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 32.000/ha
Exploit: 2.000/ha/y

8772

Invest: 32.000/ha
Exploit: 2.000/ha/y

thinning felling
Cb & Ag

felling
Fs & Fe

felling
Qr

65
innovation

center

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

phase 1
planting & tending

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

start group-cutting
Oak

start group-cutting
Ash & Beech

68

Phase 2

Invest: 32.000/ha
Exploit: 2.000/ha/y

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Rapid Growth Growth Stagnates

Growth StagnatesRapid Growth

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

6,4

4,6

2,0

5,2

17,4

1:2

14,1
13,6

5,7

4,4

16,1

Oak: 46 m³/ha

100

Ash Hornbeam FirLarchSpruce

LarchPineAsh

D18 ?
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Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Els
- Fijn timmerwerk (lijsten)

Es
- Binnentrappen

50 100 150

Ilex aquifolium (Holly)

Oak
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Growth Rate
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Beech

Alder

Hornbeam

Harvest Period
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8

OakOak

C22

Oak

3

C18C18 C18

D35

Alder (5)
0

Ash (G)

C30

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

C14

9

C14

90

C30

0

C30

100

D40D40

Hornbeam

11

140

150

100

100

60

40

20

Ash

80

200

HornbeamHornbeam
Fagus sylvatica (European Beech) (25%)

ShearFraxinus excelsior (European Ash) (75%) Youngs Modulus

150

Quercus patraea (Winter Oak) (15%)

50

-50

-100

50

100

150

C18

4

40

Light:

D18

100

Humidity:

160

Soil:

100

Grade 1:
1x Column (15.000 x Ø950)

180

C14

D40

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

D30 C30
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C30
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D18

C24 C24
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Humidity:

Abiotic qualities

Oak

C14

100

200

C30

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Larch
Sand/Loam/Clay; Mineral; Rich

12

C18

Pine

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

100

20

Beech Beech

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

Alder Pine

200

Larch

Light:

60

150

Flowing Water

C24

50

Bird Cherry
(Prunus padus)

-200

Hornbeam

-150

30

C14

Aa

100

D40

150

150

C30

150100

Humidity

Fir

Grade 1:
1x Column (5.000 x Ø440)

Fraxinus excelsior (European Ash) (25%)

50

A

Grade 5:
Sheet Materials & Dowels

Spruce

20

-50

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Pine

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Wet; moving or standing water

D40

Ash

150

Beech

D40

C30

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

AshAlder Pine
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C24

Larch
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Volume [m³/ha] European Ash (Fraxinus excelsior)

C35

700

18

500

17

400

C24

C14

50

200

15

Hornbeam

70

30

Oak

11

Fir

10

80

C18

50

Larch

7

C18 C18

6

D35

Pine

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40
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Ash

C14

Beech

Pine

Quarter

C30

Beech

C35

Quarter Sawn

Slavonian

Ash

D30

C14

// D45 ?

Pine

// D24 ?

// C14

// C30

// E [GPa]

// C30// C30

// C14
// D35
// D40

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

20

20

15

Flat/Round Sawn

B

Hornbeam

Type 2: Ash-Oak Forest

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Grade 1:
1x Column (7.500 x Ø600)

Humidity

C14

220

C14 C14
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Hornbeam

C14

C18

C30

C18

C35

C18

70

D35

C14

B

C24

C22

C14

European Beech

C30

C14

C35
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Hornbeam

Black Alder

BA

D40

D45 ?

D40

D18 ?

150

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

C18

1 OAK1 HORNBEAM

Species Growth & Productivity

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Bird Cherry
(Prunus padus)

C18

1 ASH

D45 ?

Live/Plain Sawn

Beech

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

0

Carpinus betulus (Hornbeam, 50 y)

Fraxinus excelsior (Ash, 75 y)

Spindle
Guelder Rose

Alder
(30x30)

0

// σ-tensile (yield) [MPa]

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

Bending

0

0

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Alder

0

Fir

Dogwood
Honeysuckle

Hawthorn

0

C14C14C14
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D40 D40
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0 0 0

C18 C18
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(Fraxinus excelsior)
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ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Modified Queen Roof Truss

70

0

0

D18 ?

Fink Roof Truss

Howe Roof Truss

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

0,5 kN

0,2 kN0,2 kN0,2 kN

Beech (GG)

-50

-100

-250

Beech (5)

100

150

50 kN

20 kN20 kN

0 50 100

Ash (5)

Oak (2-3)

Beech

Alder
(50x50)

0

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Fraxinus excelsior (Ash)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Hornbeam
(Carpinus betulus)

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Howe Bridge Truss

Hornbeam

Crataegus laevigata (Hawthorn)

D18 ?

Lonicera periclymenum (Honeysuckle)

50 100

Summer Oak
(Quercus robur)

Dry & Shade Humid/Dry & Light/Shade Humid & Light Wet (standing) & Light

Honeysuckle
Dog Rose

Ash-Oak ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen
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Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

2

7

5

King Post Roof Truss

Oak Larch

-50

Spruce

50

Beech

Pratt Bridge Truss

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

20

Ash

// σ-shear [MPa]   &      σ-shear [MPa]

50 100 150

European Ash
(Fraxinus excelsior)

0

80

20

-150

40

// D40

60

100

// C14

160

// C35

200

Hornbeam

140

120

60

40

-150

80

0

240

60

40

80

200

150

100

European Ash

50

Summer Oak

Pine

Beech

Ash

10

30

50

60

80

90

C30
D40

C14

Black Alder
(Alnus glutinosa)

C18

C24C24 C22

40

Black Currant
Nettle

C22C24

D35

C18C18C18

C30

C14

0

-100

Oak

0 50

Alnus glutinosa (Black Alder) (75%)

Abiotic qualities

10

Humidity: Humid
Half-shade; Light

Soil: Sand/Loam; Mineral; Rich

14

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

9

C30C30

5

6

7

8

C35

2

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

7

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

4

Beech20

100

Alder

Spruce

Alder

C30

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

C30

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

180

45

180

0

160

D40

// σ-tensile (yield) [MPa]

Ash

0

200

-150

100

0

Tension

Hornbeam

Hardness

150

Beech

Beech

Ash

Ash

50

D30

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

100

Beech

C24

Ash

C24

C14

Oak

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Alder

Oak

Alder

150

Oak

Alder

Ash

0

200

100

Alder

Beech

Durability Mold

50

Alder (GG)

Durability Insects

Haagbeuk
- ?

Beuk
- Binnentrappen

0

// σ-bending (modulus of rupture) [MPa]

    Hardness - Janka [kN]

Beuk
- Vloer
- Trap
- Betimmering

Alder

Ash

Fir

D45 ?

0

// σ-compressive [MPa]

AlderAlder

Beech: 31 m³/ha

Beech

Oak

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Ash: 53 m³/ha

Ash

Oak: 33 m³/ha

Ash: 158 m³/ha

C22

PineOak

50

17

10

13

C24

C30

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

80

C24

120

-100

D40

60

50

15

30

25

20

Fir

Humidity

Larch

Light

Spruce

True Quarter

Rift

FirOak

Ash Alder Oak

D30

Spruce

0

8

100

9

D40

12

14

13

0

100

Type 3: Ash-Alder Forest

16

150

0

600

Oak

300

Hornbeam Beech

1000

Fir

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Spruce

800

A

100

50

0

-100

Alder

B

Grade 1:
1x Pile (5.000 x Ø220)

A

-50

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Light

B

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 6:
Energy Recovery

40

LarchOak

Ab

Hornbeam

-100

-50

50

Oak

100

Fir

0

150

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

-250

Beech

0

Larch

C14

C24

C30

C14

Ab

C18

Aa

C30 C30

C24

10

Spruce

20

5

1

0

45

25

0

C18

C30

C30

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

D30

10

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Wet/Humid & Light Wet (moving) & Light

D45 ?

Quercus patraea (Winter Oak)

Carpinus betulus (Hornbeam)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Winter Oak
(Quercus patraea)

Oak-Hornbeam Forest

Viburnum opulus (Guelder Rose)

// σ-shear [MPa]

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Alder
(50x50)

0

Pine

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Prunus padus (Bird Cherry)

20 kN

0

50 kN

20 kN

50

0

Beech

European Beech
(Fagus sylvatica)

-150

-200

20 kN

Fagus sylvatica (Beech)

Quercus robur (Summer Oak)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,5 kN

0

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Carpinus betulus (Hornbeam)

0,2 kN

Forest Complexes, Species & Products

Summer Oak
(Quercus robur)

D45 ?

Fan Roof Truss

0,2 kN

80

Ash

Larch

Hedera helix (Ivy)

Corylus avellana (Hazel)

Church Truss in France

150

Ash

0

-100

// D30

120

40

Spruce

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

150

10

C22

C18

Hornbeam Fir

C24

200

5

100

C14

50

Fir

C14

-150

D35

50

35

D18

C30

C24

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

150

Alnus glutinosa (Black Alder, 50 y)

Fagus sylvatica (Beech, 75 y)

Hazel
Ivy

Honeysuckle

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Beech

C35

Quercus robur (Summer Oak, 150 y)

200

Cant Sawn

C18

1 BEECH

C18

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

D35

Grade 1:
2x Column (6.800 x Ø340)

Alder
(30x30)

0

Oak

D30

Alder

50

0
Oak

Type 1: Oak-Beech-Hornbeam Forest

D18 ?

C14

Hornbeam

6

Oak

19

3

HornbeamLarch

C14

Alder-Ash
Forest

Species for felling

15

0

16

C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

3

Hornbeam

Alder

Pratt Roof Truss

C14

Euonymus europaeus (Spindle)

C14

8

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

9

    Hardness - Janka [kN]

Other species

2

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

5

Beech

C24

D40

1

D35

7

Pine

9

11

6

14

15

C24

Alder

18

// σ-bending (modulus of rupture) [MPa]

Hornbeam FirSpruce

10

Alder

-50

Alder: 131 m³/ha

// σ-compressive [MPa]

-100

Ash

140

// C14

Spruce

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Compression

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood (ca. 8,4 m³/ha/y)

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...
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// σ-bending (modulus of rupture) [MPa]
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Fagus sylvatica (European Beech) (25%)
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D40D40
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Fraxinus excelsior (European Ash) (75%)

C14
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150
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Quercus patraea (Winter Oak) (15%)
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HornbeamHornbeam

Compression

Light:

ShearHardnessYoungs Modulus

15010050

C18
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50

Dry

150

200
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Spindle
Guelder Rose

D18

100

120
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Humidity:

100

Soil:

180

D40

80

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)
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Soil:
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C14Wet; moving or standing water
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Sand/Loam/Clay; Mineral; Rich
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D18
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C30

C18
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Humidity

Fir
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Abiotic qualities

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 5:
Sheet Materials

Alnus glutinosa (Black Alder) (75%)

Spruce

200

PineAlder

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Ash

Hazel
Ivy

Honeysuckle

Beech

60

Type 1: Oak-Beech-Hornbeam Forest

0

C24

Alder

200

Spruce

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)
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10 C30

Fir

D40

Oak

C14
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-250

Hornbeam
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0

Hornbeam
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C18

50

Fir

Grade 1:
1x Column (5.000 x Ø440)

Larch

A B

C18

C14

Humidity:

40

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Pine

Grade 5:
Sheet Materials

10

C22

B

Ash

0

150

70

50

-50

Beech

C24

Ash Pine Spruce

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

Larch

C18

C24

C24

900

Fir

Volume [m³/ha] European Ash (Fraxinus excelsior)
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150100
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C14

0
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Spruce

80

20

D35

D30

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40
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// D24 ?

// C14

// C30

Ash

// C30// C30

// C14
// D35
// D40

Rift

30
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Quarter Sawn

Slavonian

Ash Pine

// E [GPa]

Black Alder

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

FirOak

A

Hornbeam

European Ash

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Grade 1:
1x Column (7.500 x Ø600)

50

5

C30

C14

Summer Oak
(Quercus robur)

C30

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)
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Species Growth & Productivity

C24

B

C14

C22

C14

C24

C14

C30 C30

C35
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D30

A

D40

D18 ?
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Grade 1:
2x Column (6.800 x Ø340)
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Grade 5:
Sheet Materials & Dowels

D35

C18

1 OAK1 HORNBEAM
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C18 C18

1 BEECH

Humidity

D45 ?

Live/Plain Sawn
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Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Black Alder
(Alnus glutinosa)

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Fraxinus excelsior (Ash, 75 y)

Alnus glutinosa (Black Alder, 50 y)

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

// σ-tensile (yield) [MPa]

Bending

0

0

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering
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0 00
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Ash

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

Modified Queen Roof Truss

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Black Currant
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Fink Roof Truss Fan Roof Truss

Howe Roof Truss

70

80

0

Forest Complexes, Species & Products

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Carpinus betulus (Hornbeam)

Fagus sylvatica (Beech)

0,2 kN0,2 kN0,2 kN

150

Beech

-100

-150

Beech (5)

150

0

50 kN

20 kN20 kN20 kN20 kN

0

Ash (5)

Beech

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Euonymus europaeus (Spindle)

Prunus padus (Bird Cherry)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Howe Bridge Truss

Corylus avellana (Hazel)

D18 ?

Church Truss in France

Honeysuckle
Dog Rose

100

Humid/Dry & Light/Shade Wet/Humid & Light Wet (standing) & Light

Alder-Ash Forest
(ALNO-PADION)

Ash-Oak ForestOak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

1

9

Pratt Roof Truss

6

0

Winter Oak
(Quercus patraea)

Hornbeam Oak Spruce

-100

50

Beech

Pratt Bridge Truss

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

Dogwood
Honeysuckle

Hawthorn

5

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

Alder Hornbeam

// σ-shear [MPa]   &      σ-shear [MPa]
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Hornbeam Spruce
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-150

80

0

220

240

Beech
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200150

European Beech

Summer Oak
(Quercus robur)

100

Summer Oak

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

// σ-tensile (yield) [MPa]
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Oak
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Fraxinus excelsior (European Ash) (25%)

Abiotic qualities
Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

14

50

Sand/Loam; Rich in humus

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

20

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

Alder-Ash
Forest

C14

Species for felling

19

D45 ?

C14

Beech

C30

Other species

100

Ribes nigrum (Black Currant)

0

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

Alder

Spruce

45

// C35

180

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Alder

Grade 1:
1x Column (15.000 x Ø950)

Alder
(30x30)

0

Type 2: Ash-Oak Forest

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

160

Ash

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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Hornbeam
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C14
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Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Oak Oak
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Hornbeam

Alder

150100

Alder

50

-100

C30

60

Beech

Durability Insects

100
Alder (GG)Alder (5)

Durability Mold

Beuk
- Binnentrappen

Els
- Fijn timmerwerk (lijsten)

80

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

D18 ?

0

9

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Bird Cherry
(Prunus padus)

    Hardness - Janka [kN]

Spruce Larch

Fir

Fir

Oak

150

Alder

100

Haagbeuk
- ?

50

Oak: 33 m³/ha

// σ-compressive [MPa]

-100

Beech: 31 m³/ha

Alder

C22

Spruce

European Ash
(Fraxinus excelsior)

// σ-bending (modulus of rupture) [MPa]

Oak

15

C14

Flowing Water

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

D18

120

D40

Alder

C18

7

C18

1

Hedera helix (Ivy)

Hornbeam

0

-100

C14

50

C14

4

Corylus avellana (Hazel)

C18

C24

-150

100

Beech

True Quarter

Quarter

Beech

D40

Pine

6

FirOak

8

20

Pine
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Type 3: Ash-Alder Forest

Larch

11

13

Larch

300

600

17

800

Oak

100

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Alder

1000

Beech

-100

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Beech

100

Beech

European Beech
(Fagus sylvatica)

Alder

Grade 1:
1x Pile (5.000 x Ø220)

Grade 6:
Energy Recovery

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Grade 5:
Sheet Materials & Dowels

Spruce

Grade 6:
Energy Recovery

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Alder

100

Oak

Ab
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40

Aa

100
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C30

0

50

Light

C14

Larch

-200

Humidity

Ash Beech

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

40

50

Pine

A

Larch

C18

Aa

C14C14 C14
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15

Spruce

20

Flat/Round Sawn

100

B

C24

20

C18

0

C30

0

Oak

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hazel
Ivy

Holly

C14

10

Wet (moving) & LightHumid & Light

Alder Swamp
(ALNION)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade

Fagus sylvatica (Beech)

Fraxinus excelsior (Ash)

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Alder
(50x50)

0

Alder
(50x50)

0

Pine

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150100

Oak (2-3)

50

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Ilex aquifolium (Holly)

50 kN

100

0

-200

-50

-250

Beech (GG)

European Ash
(Fraxinus excelsior)

50

20 kN

Cornus sanguinea (Dogwood)

0,2 kN

0

0,5 kN 0,5 kN

50

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

σ-shear [MPa]

0

D18 ?

D45 ?

Species Growth & Productivity

50

0,2 kN

0

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

Hornbeam

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Rosa canina (Dog Rose)

Lonicera periclymenum (Honeysuckle)

Grade 6:
Energy Recovery

C24

Larch

Larch

Fir

-50

140

-150

King Post Roof Truss

C18

Hornbeam

OakHornbeam

100

C24

C18
C14

-50

C14

C35

C18

C30

D18

50

150

3

15

60

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

150

D40

0

Oak

Prunus padus (Bird Cherry)

Ca. 266 / phase / ha
Av. 10,6 / year / ha

200

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Assumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Cant Sawn

Beech

D30

1 ALDER

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Carpinus betulus (Hornbeam, 50 y)

C18

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

Light

Grade 6:
Energy Recovery

1 ASH

100

D45 ?

B

150

0

100

C30

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Larch

0

Oak

C14

7

Alder

0

7

Ash

C14

AshLarch

6

D24 ?

0

    Hardness - Janka [kN]

10

16

C35

C30
12

C30

8

6

8

D30
C24

C22

C24 C24

100

C18C18C18

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

15

D35

Prunus padus (Bird Cherry)

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

C14

Euonymus europaeus (Spindle)

C14

2

Spruce

Cornus sanguinea (Dogwood)

C18

-50

Crataegus laevigata (Hawthorn)

4

Lonicera periclymenum (Honeysuckle)

Other species

3

Species for felling

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Oak FirLarchPine

C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

Ash Beech

C24

D40

2

D35

9

5

11

13

14

Pine

C24

17

18

Hornbeam Fir

// D30

// C14

Pine

Hornbeam

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

-50

Ash: 53 m³/ha

Alder: 131 m³/ha

200

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Ash

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

6,4

5,2

2,0

16,1

1:2

4,6

14,1

4,4

5,7

13,6

17,4

50

Beech: 31 m³/ha

Alder

// σ-compressive [MPa]

0

FirLarch

LarchPineAsh

0

0

1

// σ-bending (modulus of rupture) [MPa]

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Els
- Fijn timmerwerk (lijsten)

Ilex aquifolium (Holly)

0
Alder (GG)Alder (5)

100

Durability Mold

Hornbeam

Alder

Oak

Ash

100

Alder

Hornbeam

Alder

8

Oak

Alder

C22

50

3

Beech

C18C18 C18

D35

C30

Beuk
- Binnentrappen

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

Haagbeuk
- ?

Beuk
- Vloer
- Trap
- Betimmering

9

C14C14

    Hardness - Janka [kN]

D45 ?

90

C30 C30 C30

D40D40

0

Beech

140

50

100

60

20

Fagus sylvatica (European Beech) (25%)

Beech

80

Ash

200

Hornbeam

100

TensionFraxinus excelsior (European Ash) (75%) Hardness

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Quercus patraea (Winter Oak) (15%)

10050

-50

-150

50

100

C18

12

4

20
Light:

60

80

Humidity:

120

D18

Soil:

50 100

Grade 1:
1x Column (15.000 x Ø950)

C14

150

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Dry

D40

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

D30

150

D18

C30
C35

C14

-50

180

C14

50

100

150

C14

14

Humidity:

C24

Soil:

C24

C18C18

80

Abiotic qualities C22

C14

50

200

C30

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

13

200

Alder Ash

Half-shade; Light

50

Beech BeechAshAlder Pine

30

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

10

60

0

Abiotic qualities

C24

100

Alnus glutinosa (Black Alder) (75%)

-250

-200

Hornbeam

Wet; moving or standing water

C14

-50

50

D40

Ab

100

C30

Oak

15050

Humidity

Fir

150

100

Larch

B

Light

40

-100

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 1:
1x Pile (5.000 x Ø220)

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Sand/Loam/Clay; Mineral; Rich

D40

A

0

100

D30 C30

-50

BeechAshAlder

C18
C24

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1000

Fir

D35

800

Oak

600

500

17

C22

C14

70

16

100

Type 3: Ash-Alder Forest

80

40

0

12

11

Fir

C22

C18

9

0

8

D35

C18

Spruce

6

D35

D30

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40

Black Currant
Nettle

Ash

D40

Ash

Pine

Beech

C30

Rift

C30

True Quarter

Quarter Sawn

Slavonian

C35

C14

// D45 ?

Alder

// D24 ?

// C14

// C30

Spruce

// C30// C30

// C14
// D35
// D40

Larch

10

20

15

Oak

A B

Hornbeam

15

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

10

5

0

C30

C14 C14

Pine

C30

C14

C18 C18 C18

C35

60

Black Alder
(Alnus glutinosa)

0

C24

C14

C24

C22

Species Growth & Productivity

C14

C30

C14

C35

100

Summer Oak

D30

BA

D18 ?

D45 ?

D40

150

Grade 1:
2x Column (6.800 x Ø340)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

D35

C18

1 OAK

150

Black Alder

C18C18

1 BEECH1 ASH

D45 ?

20

Cant Sawn

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Beech

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Alnus glutinosa (Black Alder, 50 y)

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

// σ-tensile (yield) [MPa]

0 0

0

AlderAlder

0

Oak

Dogwood
Honeysuckle

Hawthorn

0

C14C14C14

C30C30

D40

C14

D30

0 0 0

C18 C18 C18

00

45

35

C35

25

D35

20

40

C24

15

10

0

C24 C24

10

20

30

Ash

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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70
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Howe Roof Truss

Forest Complexes, Species & Products

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Alnus glutinosa (Black Alder)

Quercus robur (Summer Oak)

Carpinus betulus (Hornbeam)

0

0,5 kN

0,2 kN0,2 kN

Larch

150

Beech

-200

50

Beech (5)

100

50 kN

20 kN20 kN20 kN

0 50 150

Ash (5)

Oak (2-3)

Pine

Alder
(50x50)

0 Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Corylus avellana (Hazel)

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

D18 ?

0

50 100

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade Humid/Dry & Light/Shade Wet (moving) & Light

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Oak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

1

4

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

Pratt Roof Truss

6

3

Hornbeam FirLarch

-50

Alder Ash

100

0

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

10

15

0
Hornbeam

Type 1: Oak-Beech-Hornbeam Forest

50 100 200

5

10

40

20

-150

35

// D40

60

140

// C14

200

45

160

Hornbeam

140

100

Alder

Spruce

20

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

220

240

60

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Hornbeam: 38 m³/ha

European Beech

Hornbeam

European Ash

50

// σ-tensile (yield) [MPa]

Hornbeam

Beech

Ash

20

30

50

70

80

90

D30

C14 C14
C18 C18

C24C24

50

30

10

C24 C24

C35

C18C18

D40

C30

C14

50

-50

Oak

0

Fraxinus excelsior (European Ash) (25%)

Bird Cherry
(Prunus padus)

Flowing Water

Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

80

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

6

Beech

-150

60

40

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

C30 C30

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

180

200

0

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Oak (G)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

// C35

Bending

Pratt Bridge Truss

180

150

-100

150

Beech

Compression

Hornbeam

Shear

150

Ash

40

Ash

100

Hornbeam

D30

Youngs Modulus

Ash

C24

Oak

C24

C14

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Ash Oak

Alder

Oak

Harvest Period

150

Oak

Alder

Beech

0

Beech

Oak

0

Growth Rate

50

Ash (G)

150

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Es
- Binnentrappen

Durability Insects

D18 ?

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Alder

Alder

Fir

Ash Hornbeam

150

Spruce

100

Oak: 46 m³/ha

Ash

Oak

-50

Alder

-100

Oak: 33 m³/ha

FirSpruceHornbeam

Ash: 158 m³/ha

C24

9

11

1

D40

120

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

C24

-100

D40

40

100

160

30

25

200

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

Fir

Light

// E [GPa]

PineBeech

Quarter

FirOak

D40

Ash

HumidityType 2: Ash-Oak Forest

Pine

7

50

Larch

150100

Alder OakHornbeam

14

13

200

15

Hornbeam

10

0

18

700

400

300

BeechLarch

900

SprucePine

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Volume [m³/ha] European Ash (Fraxinus excelsior)

Flat/Round Sawn

150

BeechAsh

50

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Alder Pine

B

-100

Spruce

Grade 5:
Sheet Materials & Dowels

A

Grade 1:
1x Column (5.000 x Ø440)

40

Grade 6:
Energy Recovery

150

Hornbeam

Aa

-150

-100

100

150

Oak Larch Fir

180

Spruce

50

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Larch

B

C14

C24

C30

C18

C30

Ab

Light

C14

Aa

Grade 1:
1x Column (7.500 x Ø600)

200

20

Humidity

5

C18

30

0

European Ash
(Fraxinus excelsior)

C30

C30

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

D40

C22

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

Wet (standing) & Light

Honeysuckle
Dog Rose

Winter Oak
(Quercus patraea)

Wet/Humid & Light

Ash-Oak Forest

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Prunus padus (Bird Cherry)

Fagus sylvatica (Beech)

Humid & Light

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Fraxinus excelsior (Ash)

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder
(50x50)

0

100

Beech

50 kN

150

0

0

20 kN

-250

-150

-50

-100

Hornbeam
(Carpinus betulus)

Beech (GG)

European Beech
(Fagus sylvatica)

20 kN

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Summer Oak
(Quercus robur)

0,5 kN

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Summer Oak
(Quercus robur)

D45 ?

Ribes nigrum (Black Currant)

D18 ?

0,2 kN0,2 kN

Hornbeam

Lonicera periclymenum (Honeysuckle)

Church Truss in France

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,2 kN

40

Howe Bridge Truss

// D30

120

// C14

40

C18

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Spruce

100

Larch

80

C18

Hornbeam

C18

Oak

C24

D35

D18

Pine

C14

-150

Oak

-100

0

FirSpruce

C30C30

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

C24

European Ash
(Fraxinus excelsior)

Fraxinus excelsior (Ash, 75 y)

Carpinus betulus (Hornbeam, 50 y)

Spindle
Guelder Rose

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Beech

D18

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Hazel
Ivy

Honeysuckle

Live/Plain Sawn

Bird Cherry
(Prunus padus)

C18

1 HORNBEAM

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Oak

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

D18 ?

Alder
(30x30)

0

-100

150

0

19

Pine

100

// σ-shear [MPa]   &      σ-shear [MPa]

Fir

D40

C14

King Post Roof Truss

7

Alder

19

5

OakLarch

C14

Alder-Ash
Forest

Species for felling

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

20

16

C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

4

0

Ash

8

C14

Euonymus europaeus (Spindle)

C14

9

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

2

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Other species

3

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

    Hardness - Janka [kN]

Beech

C24

D40

2

D35

7

C24

10

7

13

14

15

Hornbeam

50

17

18

// σ-bending (modulus of rupture) [MPa]

Oak

C22

5

150

PineAsh

Beech

Ash: 53 m³/ha

Alder: 131 m³/ha

// σ-compressive [MPa]

100

160

Spruce

80

Hornbeam

200

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Beech
67 m

3

Hornbea
m

33 m
3

Oak (thin
ning)

50 m
3

Ash
250 m

3

Alder
230 m

3

25 ha 25 ha 40 ha 55 ha 100 ha

regrowth

6-7 y

3-4 y

3-4 y

4-5 y

5-7 y
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A1

A1

A50

A50

Site

Processing...

Processing...

Processing...Processing...

Processing...

Processing...

Processing...Processing...

Processing...

Processing...Processing... Processing...

Processing...

Processing...

13,6

4,6

5,7

2,0

5,2

17,4

16,1

6,4

14,1

1:2

4,4

C24

Grade 6:
Energy Recovery

A

C18C18

-4

C14C14

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

D40

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 1:
1x Pile (5.000 x Ø220)

C30 C30 Grade 6:
Energy Recovery

70

BA

Flat/Round Sawn

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)
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Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)
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Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)
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Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
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Ca. 49 / phase / ha
Av. 2 / year / ha
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Av. 0,6 / year / ha
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Quercus robur (Summer Oak, 150 y)
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Alnus glutinosa (Black Alder, 50 y)

0
BeechAsh

Time [y]

Pine Spruce Larch BeechAshOakHornbeam Pine Spruce

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY
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Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm
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13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm
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Financial forecast for 25 ha indigenous production forest
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ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

// σ-shear [MPa]   &      σ-shear [MPa]

Hornbeam

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Alnus glutinosa (Black Alder)
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Species Growth & Productivity
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Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm
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(50x50)
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Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Indication of financial feasibility
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Church Truss in France

Fraxinus excelsior (Ash)

Viburnum opulus (Guelder Rose)

Cornus sanguinea (Dogwood)

Prunus padus (Bird Cherry)

Fagus sylvatica (Beech)

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Quercus patraea (Winter Oak)

King Post Roof Truss

Corylus avellana (Hazel)

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

Lonicera periclymenum (Honeysuckle)

Time [y]

Years

-150

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Howe Roof Truss

Fan Roof Truss

150

Fink Roof Truss

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade

100

Modified Queen Roof Truss

Humid & Light Wet/Humid & Light

50

Wet (standing) & Light

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Ash-Oak ForestOak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

150

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

Pratt Bridge Truss

150100

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

C18

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

C18

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)
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    Hardness - Janka [kN]
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C35
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D30
D40

C14

D18 ?

C14

160

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y
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Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)
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Cant Sawn

0

Hornbeam
Beech (5)

Alder (GG)

Oak-Beech-Hornbeam
Forest

Ash (G)

Oak (2-3)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Haagbeuk
- ?

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Quercus robur (Summer Oak) (35%)

Carpinus betulus (Hornbeam) (25%)

Viburnum opulus (Guelder Rose)

Fraxinus excelsior (European Ash) (75%)

Beech

0
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- Binnentrappen

FirBeech

Sand/Loam; Rich in humus
Dry Humidity:

Soil:
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Humidity:
Light:

100

Light:

C30

0
Larch

D45 ?

Wet; moving or standing water
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// σ-bending (modulus of rupture) [MPa]
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Alnus glutinosa (Black Alder) (75%)
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Light:
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Ilex aquifolium (Holly)
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Ash (5)
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Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

C18 C18C18

C24

C30 C30

Durability Mold

C24

D45 ?

Hornbeam Hornbeam

1

LarchAsh

2

0

    Hardness - Janka [kN]
9

8

6

7

5

3

-1

Hedera helix (Ivy)

Black Alder

European Ash

Oak

Summer Oak
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Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)
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Financial forecast for 25 ha indigenous production forest + nuts, currants & RV-spaces

FirAlder

// E [GPa]

Hornbeam Oak

C18C18

C30

C24

C22

C
os

ts
 &

 P
ro

fit
s 

[x
1.

00
0.

00
0 

EU
R

]

C30

C14

Beech

Time [y]

C18

D40

0
C30 C35C30

C18

70

0

20

150

100

Alder

Ash: 158 m³/ha

Oak: 46 m³/ha
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Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

100

200

Hornbeam

D18 ?

0

Alder
(30x30)

0

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

FirAlder

Time [y]

0

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021
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Assumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Carpinus betulus (Hornbeam, 50 y)

Corylus avellana (Hazel)

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm
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// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
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Financial forecast forest expansion to 55 ha
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Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)
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Sheet Materials
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In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y
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- Fijn timmerwerk (lijsten)

// E [GPa]

Oak FirLarchPine

0 50 150

Fraxinus excelsior (European Ash) (25%)

D40

6

8

9
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13

14

Humidity:

17

18

-50

Half-shade; Light

Hornbeam

-100

LarchPine

-150

Spruce Larch

Beech

// σ-compressive [MPa]

Ash

Sand/Loam/Clay; Mineral; Rich

// σ-tensile (yield) [MPa]

Light

Hornbeam

Abiotic qualities

Oak Fir

150

Pine

0

Oak

Half-shade; Shade

Soil:

Pine

Abiotic qualities

Quercus robur (Summer Oak) (25%)

Quercus patraea (Winter Oak) (15%)

Fagus sylvatica (European Beech) (25%)

200

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Beuk
- Vloer
- Trap
- Betimmering

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

Beuk
- Binnentrappen

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

Rosa canina (Dog Rose)

Corylus avellana (Hazel)

Beech

Alder

Growth Rate

Ash

Beech

Alder

Harvest Period

Oak

Alder

Oak

Species for felling

Other species
Prunus padus (Bird Cherry)

Hornbeam

Beech

150

Euonymus europaeus (Spindle)

Beech
Crataegus laevigata (Hawthorn)

Hornbeam

Lonicera periclymenum (Honeysuckle)

Other species

Species for felling
Bending

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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Alder: 131 m³/ha

Oak: 33 m³/ha
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Beech: 31 m³/ha
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Larch

100
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D40 D40

D30
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50

15
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100

80

Financial forecast for 25 ha indigenous production forest + nuts, currants & RV-spaces

150

20

Financial forecast for 25 ha indigenous production forest + nuts & currants

C22

D35

C18C18

0 100

C30

C14

Spruce

// σ-tensile (yield) [MPa]

Hornbeam

50

LarchAsh Hornbeam Fir

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Ash Beech

Beech Pine Larch Fir

10050 200

-4

150

100

Grade 1:
1x Column (15.000 x Ø950)

-250

-200

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

-100

-50

Time [y]

150

15010050

150100

C24

0

150

50

-100

-50

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

0

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

1000

Volume [m³/ha] European Ash (Fraxinus excelsior)

800

700

500

400

300

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

100

0
150100

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

50

-1

-2

-3

2

3

4

Aa Ab

QuarterRift

True Quarter

Quarter Sawn

Grade 1:
1x Column (5.000 x Ø440)

Black Currant 30.000 EUR/y (for 8,3 ha agroforestry)

RV space 15.000 EUR/y (for 1000 m2)

Hazelnuts 50.000 EUR/y (for 8,3*1,5 ha agroforestry)

All thinning operations from 30y onwards

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

Nettle fibre
600 kg/ha/y

103

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

48

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

Felling Fs & Fe

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

63

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

29

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y
RV space: 15 EUR/m²/y

MAI: 4,0-6,3 m³/ha/y
Cut at: 130-150 y
Price: 1000-1200 EUR/m³
ROI: 169-260 y (av. 215 y)

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y

Felling Qr

Felling Cb & Ag

716281

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y
RV space: 15 EUR/m²/y
Building investment: ca. 3 million
Building exploitation: ca. 50.000 EUR/y
Other incomes: ca. 15.000 - 30.000 EUR/y

phase 3
educating, innovating, expanding

phase 2
managing & producing

reaccumulation
period 7 years

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Phase 2

start
felling

Harvest hazelnuts
and currants

Phase 3
forest

management

Phase 3Phase 1

Gemiddeld
ca 6,5 m³/ha/y

Harvest hazelnuts
and currents and
rent RV-space

start
felling

Qr

start
felling
Fs & Fe

start
thinning

Phase 3Phase 2Phase 1

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Phase 1
interim
income

Phase 2
forest

management

start
thinning

start
felling

Qr

start
felling
Fs & Fe

start
felling
Cb & Ag

start
thinning

start
felling

Qr

start
felling
Fs & Fe

start
felling
Cb & Ag

start
thinning

start
felling
Cb & Ag

Wood (5,2 m³/ha/y)

Wood (ca. 8,4 m³/ha/y)

start group-cutting
Alder & Hornbeam

Invest: 25.000
Exploit: 1.600/y

72

Invest: 25.000
Exploit: 1.600/y

80

building wood
innovation center

Invest in another 25 ha

Invest: 25.000
Exploit: 1.600/y

87

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

start
thinning

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Phase 6Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 32.000/ha
Exploit: 2.000/ha/y

8772

Invest: 32.000/ha
Exploit: 2.000/ha/y

thinning felling
Cb & Ag

felling
Fs & Fe

felling
Qr

65
innovation

center

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

phase 1
planting & tending

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

start group-cutting
Oak

start group-cutting
Ash & Beech

68

Phase 2

Invest: 32.000/ha
Exploit: 2.000/ha/y

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Rapid Growth Growth Stagnates

Growth StagnatesRapid Growth

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

6,4

4,6

2,0

5,2

17,4

1:2

14,1
13,6

5,7

4,4

16,1

Oak: 46 m³/ha

100

Ash Hornbeam FirLarchSpruce

LarchPineAsh

D18 ?

0

1

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Els
- Fijn timmerwerk (lijsten)

Es
- Binnentrappen

50 100 150

Ilex aquifolium (Holly)

Oak

Hornbeam

Growth Rate

Ash

Beech

Alder

Hornbeam

Harvest Period

Alder

8

OakOak

C22

Oak

3

C18C18 C18

D35

Alder (5)
0

Ash (G)

C30

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

C14

9

C14

90

C30

0

C30

100

D40D40

Hornbeam

11

140

150

100

100

60

40

20

Ash

80

200

HornbeamHornbeam
Fagus sylvatica (European Beech) (25%)

ShearFraxinus excelsior (European Ash) (75%) Youngs Modulus

150

Quercus patraea (Winter Oak) (15%)

50

-50

-100

50

100

150

C18

4

40

Light:

D18

100

Humidity:

160

Soil:

100

Grade 1:
1x Column (15.000 x Ø950)

180

C14

D40

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

D30 C30

Dry

C30

D18
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-100

180
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Soil:
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D18

C24 C24

C18C18 C18

Humidity:

Abiotic qualities

Oak

C14

100

200

C30

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Larch
Sand/Loam/Clay; Mineral; Rich

12

C18

Pine

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

100

20

Beech Beech

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

Alder Pine

200

Larch

Light:

60

150

Flowing Water

C24

50

Bird Cherry
(Prunus padus)

-200

Hornbeam

-150

30

C14

Aa

100

D40

150

150

C30

150100

Humidity

Fir

Grade 1:
1x Column (5.000 x Ø440)

Fraxinus excelsior (European Ash) (25%)

50

A

Grade 5:
Sheet Materials & Dowels

Spruce

20

-50

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Pine

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Wet; moving or standing water

D40

Ash

150

Beech

D40

C30

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

AshAlder Pine

D30

C24

Larch

900

Volume [m³/ha] European Ash (Fraxinus excelsior)
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11
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80
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D35

Pine

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40

Alder

10

Ash

C14

Beech

Pine

Quarter

C30

Beech

C35

Quarter Sawn

Slavonian

Ash

D30

C14

// D45 ?

Pine

// D24 ?

// C14

// C30

// E [GPa]

// C30// C30

// C14
// D35
// D40

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

20

20

15

Flat/Round Sawn

B

Hornbeam

Type 2: Ash-Oak Forest

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Grade 1:
1x Column (7.500 x Ø600)

Humidity

C14

220

C14 C14

Light

Hornbeam

C14

C18

C30

C18

C35

C18

70

D35

C14

B

C24

C22

C14

European Beech

C30

C14

C35
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Hornbeam

Black Alder

BA

D40

D45 ?

D40

D18 ?

150

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

C18

1 OAK1 HORNBEAM

Species Growth & Productivity

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Bird Cherry
(Prunus padus)

C18

1 ASH

D45 ?

Live/Plain Sawn

Beech

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

0

Carpinus betulus (Hornbeam, 50 y)

Fraxinus excelsior (Ash, 75 y)

Spindle
Guelder Rose

Alder
(30x30)

0

// σ-tensile (yield) [MPa]

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

Bending

0

0

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Alder

0

Fir

Dogwood
Honeysuckle

Hawthorn

0

C14C14C14

C30C30

D40 D40

100

0 0 0

C18 C18

European Ash
(Fraxinus excelsior)
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ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Modified Queen Roof Truss

70

0

0

D18 ?

Fink Roof Truss

Howe Roof Truss

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

0,5 kN

0,2 kN0,2 kN0,2 kN

Beech (GG)

-50

-100

-250

Beech (5)

100

150

50 kN

20 kN20 kN

0 50 100

Ash (5)

Oak (2-3)

Beech

Alder
(50x50)

0

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Fraxinus excelsior (Ash)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Hornbeam
(Carpinus betulus)

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Howe Bridge Truss

Hornbeam

Crataegus laevigata (Hawthorn)

D18 ?

Lonicera periclymenum (Honeysuckle)

50 100

Summer Oak
(Quercus robur)

Dry & Shade Humid/Dry & Light/Shade Humid & Light Wet (standing) & Light

Honeysuckle
Dog Rose

Ash-Oak ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen
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Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

2

7

5

King Post Roof Truss

Oak Larch

-50

Spruce

50

Beech

Pratt Bridge Truss

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

20

Ash

// σ-shear [MPa]   &      σ-shear [MPa]

50 100 150

European Ash
(Fraxinus excelsior)

0

80

20

-150

40

// D40

60

100

// C14

160

// C35

200

Hornbeam

140

120

60

40

-150

80

0

240

60

40

80

200

150

100

European Ash

50

Summer Oak

Pine

Beech

Ash

10

30

50

60

80

90

C30
D40

C14

Black Alder
(Alnus glutinosa)

C18

C24C24 C22

40

Black Currant
Nettle

C22C24

D35

C18C18C18

C30

C14

0

-100

Oak

0 50

Alnus glutinosa (Black Alder) (75%)

Abiotic qualities

10

Humidity: Humid
Half-shade; Light

Soil: Sand/Loam; Mineral; Rich

14

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

9

C30C30

5

6

7

8

C35

2

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

7

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

4

Beech20

100

Alder

Spruce

Alder

C30

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

C30

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

180

45

180

0

160

D40

// σ-tensile (yield) [MPa]

Ash

0

200

-150

100

0

Tension

Hornbeam

Hardness

150

Beech

Beech

Ash

Ash

50

D30

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

100

Beech

C24

Ash

C24

C14

Oak

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Alder

Oak

Alder

150

Oak

Alder

Ash

0

200

100

Alder

Beech

Durability Mold

50

Alder (GG)

Durability Insects

Haagbeuk
- ?

Beuk
- Binnentrappen

0

// σ-bending (modulus of rupture) [MPa]

    Hardness - Janka [kN]

Beuk
- Vloer
- Trap
- Betimmering

Alder

Ash

Fir

D45 ?

0

// σ-compressive [MPa]

AlderAlder

Beech: 31 m³/ha

Beech

Oak

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Ash: 53 m³/ha

Ash

Oak: 33 m³/ha

Ash: 158 m³/ha

C22

PineOak

50

17

10

13

C24

C30

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

80

C24

120

-100

D40

60

50

15

30

25

20

Fir

Humidity

Larch

Light

Spruce

True Quarter

Rift

FirOak

Ash Alder Oak

D30

Spruce

0

8

100

9

D40

12

14

13

0

100

Type 3: Ash-Alder Forest

16

150

0

600

Oak

300

Hornbeam Beech

1000

Fir

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Spruce

800

A

100

50

0

-100

Alder

B

Grade 1:
1x Pile (5.000 x Ø220)

A

-50

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Light

B

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 6:
Energy Recovery

40

LarchOak

Ab

Hornbeam

-100

-50

50

Oak

100

Fir

0

150

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

-250

Beech

0

Larch

C14

C24

C30

C14

Ab

C18

Aa

C30 C30

C24

10

Spruce

20

5

1

0

45

25

0

C18

C30

C30

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

D30

10

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Wet/Humid & Light Wet (moving) & Light

D45 ?

Quercus patraea (Winter Oak)

Carpinus betulus (Hornbeam)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Winter Oak
(Quercus patraea)

Oak-Hornbeam Forest

Viburnum opulus (Guelder Rose)

// σ-shear [MPa]

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Alder
(50x50)

0

Pine

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Prunus padus (Bird Cherry)

20 kN

0

50 kN

20 kN

50

0

Beech

European Beech
(Fagus sylvatica)

-150

-200

20 kN

Fagus sylvatica (Beech)

Quercus robur (Summer Oak)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,5 kN

0

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Carpinus betulus (Hornbeam)

0,2 kN

Forest Complexes, Species & Products

Summer Oak
(Quercus robur)

D45 ?

Fan Roof Truss

0,2 kN

80

Ash

Larch

Hedera helix (Ivy)

Corylus avellana (Hazel)

Church Truss in France

150

Ash

0

-100

// D30

120

40

Spruce

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

150

10

C22

C18

Hornbeam Fir

C24

200

5

100

C14

50

Fir

C14

-150

D35

50

35

D18

C30

C24

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

150

Alnus glutinosa (Black Alder, 50 y)

Fagus sylvatica (Beech, 75 y)

Hazel
Ivy

Honeysuckle

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Beech

C35

Quercus robur (Summer Oak, 150 y)

200

Cant Sawn

C18

1 BEECH

C18

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

D35

Grade 1:
2x Column (6.800 x Ø340)

Alder
(30x30)

0

Oak

D30

Alder

50

0
Oak

Type 1: Oak-Beech-Hornbeam Forest

D18 ?

C14

Hornbeam

6

Oak

19

3

HornbeamLarch

C14

Alder-Ash
Forest

Species for felling

15

0

16

C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

3

Hornbeam

Alder

Pratt Roof Truss

C14

Euonymus europaeus (Spindle)

C14

8

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

9

    Hardness - Janka [kN]

Other species

2

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

5

Beech

C24

D40

1

D35

7

Pine

9

11

6

14

15

C24

Alder

18

// σ-bending (modulus of rupture) [MPa]

Hornbeam FirSpruce

10

Alder

-50

Alder: 131 m³/ha

// σ-compressive [MPa]

-100

Ash

140

// C14

Spruce

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Compression

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood (ca. 8,4 m³/ha/y)

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...

Processing...
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Fraxinus excelsior (European Ash) (75%)
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150
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Quercus patraea (Winter Oak) (15%)
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HornbeamHornbeam

Compression

Light:

ShearHardnessYoungs Modulus

15010050

C18
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Dry

150

200

150

Spindle
Guelder Rose

D18

100

120
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Humidity:

100

Soil:

180

D40

80

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)
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Soil:
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C14Wet; moving or standing water
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Sand/Loam/Clay; Mineral; Rich
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Humidity

Fir
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Abiotic qualities

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 5:
Sheet Materials

Alnus glutinosa (Black Alder) (75%)

Spruce

200

PineAlder

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Ash

Hazel
Ivy

Honeysuckle

Beech

60

Type 1: Oak-Beech-Hornbeam Forest

0

C24

Alder

200

Spruce

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)
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10 C30

Fir
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Oak

C14
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-250

Hornbeam

-150
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0

Hornbeam
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C18

50

Fir

Grade 1:
1x Column (5.000 x Ø440)

Larch

A B

C18

C14

Humidity:

40

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Pine

Grade 5:
Sheet Materials

10

C22

B

Ash

0

150

70

50

-50

Beech

C24

Ash Pine Spruce

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

Larch

C18

C24

C24

900

Fir

Volume [m³/ha] European Ash (Fraxinus excelsior)
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150100
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C14
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Spruce

80

20

D35

D30

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40
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Alder
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// C14

// C30

Ash

// C30// C30

// C14
// D35
// D40

Rift

30
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Quarter Sawn

Slavonian

Ash Pine

// E [GPa]

Black Alder

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

FirOak

A

Hornbeam

European Ash

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Grade 1:
1x Column (7.500 x Ø600)

50

5

C30

C14

Summer Oak
(Quercus robur)

C30

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)
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C30

C24

C18

C30

C18

C35

C18

Ab

Species Growth & Productivity
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D30

A

D40

D18 ?
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Grade 1:
2x Column (6.800 x Ø340)
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Grade 5:
Sheet Materials & Dowels
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C18

1 OAK1 HORNBEAM
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C18 C18

1 BEECH

Humidity
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Live/Plain Sawn
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Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Black Alder
(Alnus glutinosa)

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Fraxinus excelsior (Ash, 75 y)

Alnus glutinosa (Black Alder, 50 y)

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

// σ-tensile (yield) [MPa]

Bending

0

0

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering
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ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

Modified Queen Roof Truss

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Fink Roof Truss Fan Roof Truss

Howe Roof Truss

70

80
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Forest Complexes, Species & Products

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Carpinus betulus (Hornbeam)

Fagus sylvatica (Beech)

0,2 kN0,2 kN0,2 kN

150

Beech

-100

-150

Beech (5)

150

0

50 kN

20 kN20 kN20 kN20 kN

0

Ash (5)

Beech

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Euonymus europaeus (Spindle)

Prunus padus (Bird Cherry)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Howe Bridge Truss

Corylus avellana (Hazel)

D18 ?

Church Truss in France

Honeysuckle
Dog Rose

100

Humid/Dry & Light/Shade Wet/Humid & Light Wet (standing) & Light

Alder-Ash Forest
(ALNO-PADION)

Ash-Oak ForestOak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

1

9

Pratt Roof Truss

6

0

Winter Oak
(Quercus patraea)

Hornbeam Oak Spruce

-100

50

Beech

Pratt Bridge Truss

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

Dogwood
Honeysuckle

Hawthorn

5

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

Alder Hornbeam

// σ-shear [MPa]   &      σ-shear [MPa]
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Hornbeam Spruce
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-150

80

0

220
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Beech
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200150

European Beech

Summer Oak
(Quercus robur)

100

Summer Oak

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

// σ-tensile (yield) [MPa]
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Fraxinus excelsior (European Ash) (25%)

Abiotic qualities
Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

14

50

Sand/Loam; Rich in humus

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

20

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

Alder-Ash
Forest

C14

Species for felling

19

D45 ?

C14

Beech

C30

Other species

100

Ribes nigrum (Black Currant)

0

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

Alder

Spruce

45

// C35

180

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Alder

Grade 1:
1x Column (15.000 x Ø950)

Alder
(30x30)

0

Type 2: Ash-Oak Forest

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

160

Ash

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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C14
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Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Oak Oak
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Hornbeam

Alder

150100

Alder

50

-100

C30

60

Beech

Durability Insects

100
Alder (GG)Alder (5)

Durability Mold

Beuk
- Binnentrappen

Els
- Fijn timmerwerk (lijsten)

80

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

D18 ?

0

9

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Bird Cherry
(Prunus padus)

    Hardness - Janka [kN]

Spruce Larch

Fir

Fir

Oak

150

Alder

100

Haagbeuk
- ?

50

Oak: 33 m³/ha

// σ-compressive [MPa]

-100

Beech: 31 m³/ha

Alder

C22

Spruce

European Ash
(Fraxinus excelsior)

// σ-bending (modulus of rupture) [MPa]

Oak

15

C14

Flowing Water

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

D18

120

D40

Alder

C18

7

C18

1

Hedera helix (Ivy)

Hornbeam

0

-100

C14

50

C14

4

Corylus avellana (Hazel)

C18

C24

-150

100

Beech

True Quarter

Quarter

Beech

D40

Pine

6

FirOak

8

20

Pine
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Type 3: Ash-Alder Forest

Larch

11

13

Larch

300

600

17

800

Oak

100

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Alder

1000

Beech

-100

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Beech

100

Beech

European Beech
(Fagus sylvatica)

Alder

Grade 1:
1x Pile (5.000 x Ø220)

Grade 6:
Energy Recovery

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Grade 5:
Sheet Materials & Dowels

Spruce

Grade 6:
Energy Recovery

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Alder

100

Oak

Ab

-50

40

Aa

100
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C30
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50

Light

C14

Larch

-200

Humidity

Ash Beech

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

40

50

Pine

A

Larch

C18

Aa

C14C14 C14
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15

Spruce

20

Flat/Round Sawn

100

B

C24

20

C18

0

C30

0

Oak

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hazel
Ivy

Holly

C14

10

Wet (moving) & LightHumid & Light

Alder Swamp
(ALNION)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade

Fagus sylvatica (Beech)

Fraxinus excelsior (Ash)

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Alder
(50x50)

0

Alder
(50x50)

0

Pine

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150100

Oak (2-3)

50

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Ilex aquifolium (Holly)

50 kN

100

0

-200

-50

-250

Beech (GG)

European Ash
(Fraxinus excelsior)

50

20 kN

Cornus sanguinea (Dogwood)

0,2 kN

0

0,5 kN 0,5 kN

50

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

σ-shear [MPa]

0

D18 ?

D45 ?

Species Growth & Productivity

50

0,2 kN

0

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

Hornbeam

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Rosa canina (Dog Rose)

Lonicera periclymenum (Honeysuckle)

Grade 6:
Energy Recovery

C24

Larch

Larch

Fir

-50

140

-150

King Post Roof Truss

C18

Hornbeam

OakHornbeam

100

C24

C18
C14

-50

C14

C35

C18

C30

D18

50

150

3

15

60

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

150

D40

0

Oak

Prunus padus (Bird Cherry)

Ca. 266 / phase / ha
Av. 10,6 / year / ha

200

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Assumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Cant Sawn

Beech

D30

1 ALDER

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Carpinus betulus (Hornbeam, 50 y)

C18

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

Light

Grade 6:
Energy Recovery

1 ASH

100

D45 ?

B

150

0

100

C30

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Larch

0

Oak

C14

7

Alder

0

7

Ash

C14

AshLarch

6

D24 ?

0

    Hardness - Janka [kN]

10

16

C35

C30
12

C30

8

6

8

D30
C24

C22

C24 C24

100

C18C18C18

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

15

D35

Prunus padus (Bird Cherry)

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

C14

Euonymus europaeus (Spindle)

C14

2

Spruce

Cornus sanguinea (Dogwood)

C18

-50

Crataegus laevigata (Hawthorn)

4

Lonicera periclymenum (Honeysuckle)

Other species

3

Species for felling

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Oak FirLarchPine

C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

Ash Beech

C24

D40

2

D35

9

5

11

13

14

Pine

C24

17

18

Hornbeam Fir

// D30

// C14

Pine

Hornbeam

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

-50

Ash: 53 m³/ha

Alder: 131 m³/ha

200

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Ash

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

6,4

5,2

2,0

16,1

1:2

4,6

14,1

4,4

5,7

13,6

17,4

50

Beech: 31 m³/ha

Alder

// σ-compressive [MPa]

0

FirLarch

LarchPineAsh

0

0

1

// σ-bending (modulus of rupture) [MPa]

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Els
- Fijn timmerwerk (lijsten)

Ilex aquifolium (Holly)

0
Alder (GG)Alder (5)

100

Durability Mold

Hornbeam

Alder

Oak

Ash

100

Alder

Hornbeam

Alder

8

Oak

Alder

C22

50

3

Beech

C18C18 C18

D35

C30

Beuk
- Binnentrappen

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

Haagbeuk
- ?

Beuk
- Vloer
- Trap
- Betimmering

9

C14C14

    Hardness - Janka [kN]

D45 ?

90

C30 C30 C30

D40D40

0

Beech

140

50

100

60

20

Fagus sylvatica (European Beech) (25%)

Beech

80

Ash

200

Hornbeam

100

TensionFraxinus excelsior (European Ash) (75%) Hardness

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Quercus patraea (Winter Oak) (15%)

10050

-50

-150

50

100

C18

12

4

20
Light:

60

80

Humidity:

120

D18

Soil:

50 100

Grade 1:
1x Column (15.000 x Ø950)

C14

150

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Dry

D40

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

D30

150

D18

C30
C35

C14

-50

180

C14

50

100

150

C14

14

Humidity:

C24

Soil:

C24

C18C18

80

Abiotic qualities C22

C14

50

200

C30

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

13

200

Alder Ash

Half-shade; Light

50

Beech BeechAshAlder Pine

30

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

10

60

0

Abiotic qualities

C24

100

Alnus glutinosa (Black Alder) (75%)

-250

-200

Hornbeam

Wet; moving or standing water

C14

-50

50

D40

Ab

100

C30

Oak

15050

Humidity

Fir

150

100

Larch

B

Light

40

-100

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 1:
1x Pile (5.000 x Ø220)

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Sand/Loam/Clay; Mineral; Rich

D40

A

0

100

D30 C30

-50

BeechAshAlder

C18
C24

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1000

Fir

D35

800

Oak

600

500

17

C22

C14

70

16

100

Type 3: Ash-Alder Forest

80

40

0

12

11

Fir

C22

C18

9

0

8

D35

C18

Spruce

6

D35

D30

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40

Black Currant
Nettle

Ash

D40

Ash

Pine

Beech

C30

Rift

C30

True Quarter

Quarter Sawn

Slavonian

C35

C14

// D45 ?

Alder

// D24 ?

// C14

// C30

Spruce

// C30// C30

// C14
// D35
// D40

Larch

10

20

15

Oak

A B

Hornbeam

15

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

10

5

0

C30

C14 C14

Pine

C30

C14

C18 C18 C18

C35

60

Black Alder
(Alnus glutinosa)

0

C24

C14

C24

C22

Species Growth & Productivity

C14

C30

C14

C35

100

Summer Oak

D30

BA

D18 ?

D45 ?

D40

150

Grade 1:
2x Column (6.800 x Ø340)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

D35

C18

1 OAK

150

Black Alder

C18C18

1 BEECH1 ASH

D45 ?

20

Cant Sawn

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Beech

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Alnus glutinosa (Black Alder, 50 y)

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

// σ-tensile (yield) [MPa]

0 0

0

AlderAlder

0

Oak

Dogwood
Honeysuckle

Hawthorn

0

C14C14C14

C30C30

D40

C14

D30

0 0 0

C18 C18 C18

00

45

35

C35

25

D35

20

40

C24

15

10

0

C24 C24

10

20

30

Ash

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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70

80
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Howe Roof Truss

Forest Complexes, Species & Products

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Alnus glutinosa (Black Alder)

Quercus robur (Summer Oak)

Carpinus betulus (Hornbeam)

0

0,5 kN

0,2 kN0,2 kN

Larch

150

Beech

-200

50

Beech (5)

100

50 kN

20 kN20 kN20 kN

0 50 150

Ash (5)

Oak (2-3)

Pine

Alder
(50x50)

0 Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Corylus avellana (Hazel)

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

D18 ?

0

50 100

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade Humid/Dry & Light/Shade Wet (moving) & Light

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Oak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

1

4

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

Pratt Roof Truss

6

3

Hornbeam FirLarch

-50

Alder Ash

100

0

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

10

15

0
Hornbeam

Type 1: Oak-Beech-Hornbeam Forest
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// C14

200
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160

Hornbeam

140

100

Alder

Spruce

20

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

220

240

60

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Hornbeam: 38 m³/ha

European Beech

Hornbeam

European Ash

50

// σ-tensile (yield) [MPa]

Hornbeam

Beech

Ash
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70
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D30

C14 C14
C18 C18

C24C24

50

30

10

C24 C24

C35

C18C18

D40

C30

C14

50

-50

Oak

0

Fraxinus excelsior (European Ash) (25%)

Bird Cherry
(Prunus padus)

Flowing Water

Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

80

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

6

Beech

-150

60

40

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

C30 C30

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

180

200

0

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Oak (G)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

// C35

Bending

Pratt Bridge Truss

180

150

-100

150

Beech

Compression

Hornbeam

Shear

150

Ash

40

Ash

100

Hornbeam

D30

Youngs Modulus

Ash

C24

Oak

C24

C14

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Ash Oak

Alder

Oak

Harvest Period

150

Oak

Alder

Beech

0

Beech

Oak

0

Growth Rate

50

Ash (G)

150

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Es
- Binnentrappen

Durability Insects

D18 ?

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Alder

Alder

Fir

Ash Hornbeam

150

Spruce

100

Oak: 46 m³/ha

Ash

Oak

-50

Alder

-100

Oak: 33 m³/ha

FirSpruceHornbeam

Ash: 158 m³/ha

C24

9

11

1

D40

120

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

C24

-100

D40

40

100

160

30

25

200

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

Fir

Light

// E [GPa]

PineBeech

Quarter

FirOak

D40

Ash

HumidityType 2: Ash-Oak Forest

Pine

7

50

Larch

150100

Alder OakHornbeam

14

13

200

15

Hornbeam

10

0

18

700

400

300

BeechLarch

900

SprucePine

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Volume [m³/ha] European Ash (Fraxinus excelsior)

Flat/Round Sawn

150

BeechAsh

50

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Alder Pine

B

-100

Spruce

Grade 5:
Sheet Materials & Dowels

A

Grade 1:
1x Column (5.000 x Ø440)

40

Grade 6:
Energy Recovery

150

Hornbeam

Aa

-150

-100

100

150

Oak Larch Fir

180

Spruce

50

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Larch

B

C14

C24

C30

C18

C30

Ab

Light

C14

Aa

Grade 1:
1x Column (7.500 x Ø600)

200

20

Humidity

5

C18

30

0

European Ash
(Fraxinus excelsior)

C30

C30

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

D40

C22

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

Wet (standing) & Light

Honeysuckle
Dog Rose

Winter Oak
(Quercus patraea)

Wet/Humid & Light

Ash-Oak Forest

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Prunus padus (Bird Cherry)

Fagus sylvatica (Beech)

Humid & Light

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Fraxinus excelsior (Ash)

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder
(50x50)

0

100

Beech

50 kN

150

0

0

20 kN

-250

-150

-50

-100

Hornbeam
(Carpinus betulus)

Beech (GG)

European Beech
(Fagus sylvatica)

20 kN

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Summer Oak
(Quercus robur)

0,5 kN

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Summer Oak
(Quercus robur)

D45 ?

Ribes nigrum (Black Currant)

D18 ?

0,2 kN0,2 kN

Hornbeam

Lonicera periclymenum (Honeysuckle)

Church Truss in France

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,2 kN

40

Howe Bridge Truss

// D30

120

// C14

40

C18

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Spruce

100

Larch

80

C18

Hornbeam

C18

Oak

C24

D35

D18

Pine

C14

-150

Oak

-100

0

FirSpruce

C30C30

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

C24

European Ash
(Fraxinus excelsior)

Fraxinus excelsior (Ash, 75 y)

Carpinus betulus (Hornbeam, 50 y)

Spindle
Guelder Rose

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Beech

D18

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Hazel
Ivy

Honeysuckle

Live/Plain Sawn

Bird Cherry
(Prunus padus)

C18

1 HORNBEAM

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Oak

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

D18 ?

Alder
(30x30)

0

-100

150

0

19

Pine

100

// σ-shear [MPa]   &      σ-shear [MPa]

Fir

D40

C14

King Post Roof Truss

7

Alder

19

5

OakLarch

C14

Alder-Ash
Forest

Species for felling

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

20

16

C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

4

0

Ash

8

C14

Euonymus europaeus (Spindle)

C14

9

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

2

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Other species

3

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

    Hardness - Janka [kN]

Beech

C24

D40

2

D35

7

C24

10

7

13

14

15

Hornbeam

50

17

18

// σ-bending (modulus of rupture) [MPa]

Oak

C22

5

150

PineAsh

Beech

Ash: 53 m³/ha

Alder: 131 m³/ha

// σ-compressive [MPa]

100

160

Spruce

80

Hornbeam

200

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Beech
67 m

3

Hornbea
m

33 m
3

Oak (thin
ning)

50 m
3

Ash
250 m

3

Alder
230 m

3

25 ha 25 ha 40 ha 55 ha 100 ha

regrowth

6-7 y

3-4 y

3-4 y

4-5 y

5-7 y

ecosystem to building system
temporality
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Elevation East

Processing...

Processing...

Processing...Processing...

Processing...

Processing...

Processing...Processing...

Processing...

Processing...Processing... Processing...

Processing...

Processing...

13,6

4,6

5,7

2,0

5,2

17,4

16,1

6,4

14,1

1:2

4,4

C24

Grade 6:
Energy Recovery

A

C18C18

-4

C14C14

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

D40

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 1:
1x Pile (5.000 x Ø220)

C30 C30 Grade 6:
Energy Recovery

70

BA

Flat/Round Sawn

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
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Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

Live/Plain Sawn
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Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)
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Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha
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Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha
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Av. 0,6 / year / ha
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Quercus robur (Summer Oak, 150 y)
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Alnus glutinosa (Black Alder, 50 y)

0
BeechAsh

Time [y]

Pine Spruce Larch BeechAshOakHornbeam Pine Spruce

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY
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(30x30)
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Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm
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13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm
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Financial forecast for 25 ha indigenous production forest
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ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

// σ-shear [MPa]   &      σ-shear [MPa]

Hornbeam

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Alnus glutinosa (Black Alder)
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Ribes nigrum (Black Currant)

Species Growth & Productivity

Ribes nigrum (Black Currant)
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Fagus sylvatica (Beech)
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Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder
(50x50)
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(50x50)
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Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Indication of financial feasibility
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Church Truss in France

Fraxinus excelsior (Ash)

Viburnum opulus (Guelder Rose)

Cornus sanguinea (Dogwood)

Prunus padus (Bird Cherry)

Fagus sylvatica (Beech)

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Quercus patraea (Winter Oak)

King Post Roof Truss

Corylus avellana (Hazel)

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

Lonicera periclymenum (Honeysuckle)

Time [y]

Years

-150

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Howe Roof Truss

Fan Roof Truss

150

Fink Roof Truss

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade

100

Modified Queen Roof Truss

Humid & Light Wet/Humid & Light

50

Wet (standing) & Light

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Ash-Oak ForestOak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

150

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

Pratt Bridge Truss

150100

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

C18

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

C18

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)
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    Hardness - Janka [kN]
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C35
D18 ?
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D40

C14

D18 ?

C14

160

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y
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Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)
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Cant Sawn

0

Hornbeam
Beech (5)

Alder (GG)

Oak-Beech-Hornbeam
Forest

Ash (G)

Oak (2-3)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Haagbeuk
- ?

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Quercus robur (Summer Oak) (35%)

Carpinus betulus (Hornbeam) (25%)

Viburnum opulus (Guelder Rose)

Fraxinus excelsior (European Ash) (75%)

Beech

0

Es
- Binnentrappen

FirBeech

Sand/Loam; Rich in humus
Dry Humidity:

Soil:
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Humidity:
Light:
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Light:
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D45 ?

Wet; moving or standing water
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Soil:
Humid

// σ-bending (modulus of rupture) [MPa]
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Abiotic qualities 7
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Alnus glutinosa (Black Alder) (75%)
D40

D30

D35

Light:

100

Alder Ash SpruceBeech
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Ilex aquifolium (Holly)

C14 C14 C14

Ash (5)

200

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)
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European Ash
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Ash Ash

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)
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Financial forecast for 25 ha indigenous production forest + nuts, currants & RV-spaces
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Ash: 158 m³/ha

Oak: 46 m³/ha
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Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

100

200

Hornbeam

D18 ?

0

Alder
(30x30)

0

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

FirAlder

Time [y]

0

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021
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Assumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Carpinus betulus (Hornbeam, 50 y)

Corylus avellana (Hazel)

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm
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// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
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Oak (D30)
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Financial forecast forest expansion to 55 ha
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Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)
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Sheet Materials

C30

B

Grade 5:
Sheet Materials & Dowels
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In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y
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Alder (5)

C18

C14

Els
- Fijn timmerwerk (lijsten)

// E [GPa]

Oak FirLarchPine

0 50 150

Fraxinus excelsior (European Ash) (25%)

D40

6

8

9

10

13

14

Humidity:

17

18

-50

Half-shade; Light

Hornbeam

-100

LarchPine

-150

Spruce Larch

Beech

// σ-compressive [MPa]

Ash

Sand/Loam/Clay; Mineral; Rich

// σ-tensile (yield) [MPa]

Light

Hornbeam

Abiotic qualities

Oak Fir

150

Pine

0

Oak

Half-shade; Shade

Soil:

Pine

Abiotic qualities

Quercus robur (Summer Oak) (25%)

Quercus patraea (Winter Oak) (15%)

Fagus sylvatica (European Beech) (25%)

200

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

Beuk
- Vloer
- Trap
- Betimmering

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

Beuk
- Binnentrappen

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

Rosa canina (Dog Rose)

Corylus avellana (Hazel)

Beech

Alder

Growth Rate

Ash

Beech

Alder

Harvest Period

Oak

Alder

Oak

Species for felling

Other species
Prunus padus (Bird Cherry)

Hornbeam

Beech

150

Euonymus europaeus (Spindle)

Beech
Crataegus laevigata (Hawthorn)

Hornbeam

Lonicera periclymenum (Honeysuckle)

Other species

Species for felling
Bending

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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Alder: 131 m³/ha

Oak: 33 m³/ha
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Beech: 31 m³/ha
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Financial forecast for 25 ha indigenous production forest + nuts, currants & RV-spaces

150

20

Financial forecast for 25 ha indigenous production forest + nuts & currants

C22

D35

C18C18

0 100

C30

C14

Spruce

// σ-tensile (yield) [MPa]

Hornbeam

50

LarchAsh Hornbeam Fir

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Ash Beech

Beech Pine Larch Fir

10050 200

-4

150

100

Grade 1:
1x Column (15.000 x Ø950)

-250

-200

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

-100

-50

Time [y]

150

15010050

150100

C24

0

150

50

-100

-50

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

0

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

1000

Volume [m³/ha] European Ash (Fraxinus excelsior)

800

700

500

400

300

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

100

0
150100

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

50

-1

-2

-3

2

3

4

Aa Ab

QuarterRift

True Quarter

Quarter Sawn

Grade 1:
1x Column (5.000 x Ø440)

Black Currant 30.000 EUR/y (for 8,3 ha agroforestry)

RV space 15.000 EUR/y (for 1000 m2)

Hazelnuts 50.000 EUR/y (for 8,3*1,5 ha agroforestry)

All thinning operations from 30y onwards

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

Nettle fibre
600 kg/ha/y

103

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

48

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

Felling Fs & Fe

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

63

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

29

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y
RV space: 15 EUR/m²/y

MAI: 4,0-6,3 m³/ha/y
Cut at: 130-150 y
Price: 1000-1200 EUR/m³
ROI: 169-260 y (av. 215 y)

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y

Felling Qr

Felling Cb & Ag

716281

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y
RV space: 15 EUR/m²/y
Building investment: ca. 3 million
Building exploitation: ca. 50.000 EUR/y
Other incomes: ca. 15.000 - 30.000 EUR/y

phase 3
educating, innovating, expanding

phase 2
managing & producing

reaccumulation
period 7 years

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Phase 2

start
felling

Harvest hazelnuts
and currants

Phase 3
forest

management

Phase 3Phase 1

Gemiddeld
ca 6,5 m³/ha/y

Harvest hazelnuts
and currents and
rent RV-space

start
felling

Qr

start
felling
Fs & Fe

start
thinning

Phase 3Phase 2Phase 1

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Phase 1
interim
income

Phase 2
forest

management

start
thinning

start
felling

Qr

start
felling
Fs & Fe

start
felling
Cb & Ag

start
thinning

start
felling

Qr

start
felling
Fs & Fe

start
felling
Cb & Ag

start
thinning

start
felling
Cb & Ag

Wood (5,2 m³/ha/y)

Wood (ca. 8,4 m³/ha/y)

start group-cutting
Alder & Hornbeam

Invest: 25.000
Exploit: 1.600/y

72

Invest: 25.000
Exploit: 1.600/y

80

building wood
innovation center

Invest in another 25 ha

Invest: 25.000
Exploit: 1.600/y

87

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

start
thinning

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Phase 6Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 32.000/ha
Exploit: 2.000/ha/y

8772

Invest: 32.000/ha
Exploit: 2.000/ha/y

thinning felling
Cb & Ag

felling
Fs & Fe

felling
Qr

65
innovation

center

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

phase 1
planting & tending

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

start group-cutting
Oak

start group-cutting
Ash & Beech

68

Phase 2

Invest: 32.000/ha
Exploit: 2.000/ha/y

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Rapid Growth Growth Stagnates

Growth StagnatesRapid Growth

Ripe for Harvest

Ripe for Harvest

10 years 50 years 100 years

ecosystem to building system
temporality
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Hortus

Type 3

Machines & vehicles

Log pond

Biomeiler (ca. 600 m³)

Historical
Hiking

Bike parking

Bank reinforced
with L-elements

Bird spotting
silo

Trench silo parking

Type 2

Bio waste storage

Type 1

50

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

26

n=6
530 m³/h

n=6
2500 m³/h

Haagbeuken

10-6-10

170

6

n=1
130 m³/h

n=3
1900 m³/h

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

3,2 L/s per m² shaft
= 91 m³/h total

Essen

Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h

60

6

10-6-10

60

26

5050

50

12

40
12

n=6
1100 m³/h

1 L/s/m²
= 151 m³/h

10
-6

-1
0

6

75

40

21 L/s kitchen
= 76 m³/h total

Essen

n=3
6000 m³/h

n=4
2500 m³/h

6

Max.
4.500
m³/h

6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

26

Max.
1.400
m³/h

5-7-10-6-10-7-5

30 2x

Beuken

8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

7 L/s per toilet
= 202 m³/h total

Eiken

40

n=5
6000 m³/h

26

n=6
1100 m³/h

50

60 30

150

n=15
2100 m³/h

60

6

6

26

50

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

26

50

20

30

2x

170

150

n=6
530 m³/h

n=5
4000 m³/h

40

40

26

190

70

50

30

60

Beuken

60

2x

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

30

50

5-7-10-6-10-7-5

50

70

Haagbeuken

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

26

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

2x

50

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

n=1
130 m³/h

1 L/s/m²
= 151 m³/h

50

190

10
-6

-1
0

2x
145

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

60m² * 2,6m = 156m³
156*75 = 12 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

137m² * 3,1m = 425m³
425*75 = 32 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Mounting bracket
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Hornbeam sill
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Triple glazing (U: 0,8 W/m²K)

Ash framework

Ash framework
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Seal pane with oak clamp
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5450
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3500 5550

Detail Ground Floor (V1)
1:5 (scaled to 1:10)

Curtain wall frame mounted on spline

5250
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First       Floor
Scale   1:200
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00

Roof       Plan
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50

44
00

00 (top floor)

58005000

44
00

200

Triple glazing (U: 0,8 W/m²K)

5250

49
0

136

Detail Floor (V2)
1:5 (scaled to 1:10)
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Ground Floor
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Roof       Plan
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Ground Floor
Scale   1:200

66005250580050005000

515

130160

H

K

Oak window frame (exterior)

Hornbeam sill

Oak window frame (exterior)

Hornbeam sill

- Screed (60 mm)
- Insulated ribbed floor (270 mm)

- Hornbeam flooring (22 mm)
-  Cork underfloor (6 mm)
- Insulated ribbed Alder LVL
construction floor (250 mm)
- Ash beams (variable height)

150

525

Oak window frame (exterior)

Ash framework

4

Hidden frame curtain wall system

Triple glazing (U: 0,8 W/m²K)

250

K

50

13
0

11
0

25
0

+3.360 (top floor)

+3.300 (top beam)

Detail Ground Floor (V1)
1:5 (scaled to 1:10)

Insulation board (200 mm)

K

Detail Roof (V3)
1:5 (scaled to 1:10) K

60

250

K

Existing
foundation

Hydraulic elevator
system

Bird box

Roof (Rc: 6,3 m²K/W)
- Bitumen roofing (6 mm)
- Rigid insulation panels (200 mm)
- Alder LVL sheeting (32 mm)
- Ash beams (300 mm)

538

Shrinkage control mesh

+8.270

Frame fixed to column
with hornbeam spline

Triple glazing
(U: 0,8 W/m²K)

N

200

130160190250

110

490

250

130

490

- 850

- 1.050

00 (top floor)

10
0

250

K

Triple glazing (U: 0,8 W/m²K)

Oak window frame (exterior)

Ash framework

Coated frame anchor

Coated mounting bracket

Bearing

33
0

27
0

60

24
5

80

130

Hornbeam spline visible

N

Oak cover

Cascaded curtain wall
facade frame

190

Triple glazing
(U: 0,8 W/m²K)

Ash framework

250

K

44
00

44
00

44
00

Beams y-direction
mostly 300x130 mm

Beams x-direction variable
height (350-440 mm)

Rib floor
250mm

Rib floor
250mm

5
kN/m²

Rib floor
270mm

Framing

5250580050005000
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00
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00

00 (top floor)

+ 7.150

+ 3.350 (top floor)

+ 9.150

3060
4400 4400

3300
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Section BB'
Scale   1:200

-2.330 (top floor cellar)

-2.000 (top floor cellar)

52506600525050005000

1940 1150

+ 5.485

+ 5.785

00 (top floor)

Floor
- Hornbeam flooring (12 mm)
-  Cork underfloor (6 mm)
- Insulated ribbed Alder LVL
construction floor (250 mm)
- Ash beams (variable height)

+3.350
(top floor)

Detail Window (H1)
1:5 (scaled to 1:10)

- Screed (60 mm)
- Insulated ribbed floor (270 mm)

Truss construction (1100 mm) with
Hornbeam crotch joints

Existing cellars

Manhole

Elevation
Scale   1:200

K

2375

300

32 538

5
kN/m²

Rib floor
270mm

+6.050 (top beam )

+5.500 (top beam //)

+9.150

00 (top floor)

+3.300 (top beam)

-2.330 (top cellar slab)

-850 (top pier)

-330 (top cellar)

K

+7.150

200

Existing
foundation

5250

4400

5000 5000 5800

22
00

Detail Gutter (V4)
1:5 (scaled to 1:10)

- 200

Concrete or lime-sandstone

Roof (Rc: 6,3 m²K/W)
- Bitumen roofing (6 mm)
- Rigid insulation panels
- Alder LVL sheeting (32 mm)
- Ash beams (300 mm)

12

26
8

Detail Window (H2)
1:5 (scaled to 1:10)

44
00

+ 9.150

Wall (Rc: 5,0 m²K/W)
- Alder Multiplex (12 mm)
- Nettle insulation (170 mm)
- Wood fibre board (60 mm)
- Slats (22 mm)
- Oak finish (25 mm)

Installations

110

+ 2.750

Insulation board (170 mm)
Rc: 5,0 W/m²K
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First       Floor
Scale   1:200
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Detail First Floor (V2)
1:5 (scaled to 1:10)
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48200

North Facade
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Triple glazing
(U: 0,8 W/m²K)
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50
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00

Cascaded curtain wall
facade frame

55505800

Section AA'
Scale   1:200

+3.300
(top beam)

+9.150

-2.000 (top floor cellar)

4400440044004400

+ 8.270

3500

Seal

Insulation

+ 5.500
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5550 6600 5250

Opening for staircase

5
kN/m²

3500
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0

Extra beam height
(350 mm)

5
kN/m²

+ 3.300

Hornbeam sill

- 200

Cascaded curtain wall
facade frame

Bearing

+3.360 (top floor)
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Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Sheet Materials & Dowels

Spruce

20

-50

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Pine

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Wet; moving or standing water

D40

Ash

150

Beech

D40

C30

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

AshAlder Pine

D30

C24

Larch

900

Volume [m³/ha] European Ash (Fraxinus excelsior)

C35

700

18

500

17

400

C24

C14

50

200

15

Hornbeam

70

30

Oak

11

Fir

10

80

C18

50

Larch

7

C18 C18

6

D35

Pine

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

D40

Alder

10

Ash

C14

Beech

Pine

Quarter

C30

Beech

C35

Quarter Sawn

Slavonian

Ash

D30

C14

// D45 ?

Pine

// D24 ?

// C14

// C30

// E [GPa]

// C30// C30

// C14
// D35
// D40

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

20

20

15

Flat/Round Sawn

B

Hornbeam

Type 2: Ash-Oak Forest

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

Grade 1:
1x Column (7.500 x Ø600)

Humidity

C14

220

C14 C14

Light

Hornbeam

C14

C18

C30

C18

C35

C18

70

D35

C14

B

C24

C22

C14

European Beech

C30

C14

C35

19

Hornbeam

Black Alder

BA

D40

D45 ?

D40

D18 ?

150

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

C18

1 OAK1 HORNBEAM

Species Growth & Productivity

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Bird Cherry
(Prunus padus)

C18

1 ASH

D45 ?

Live/Plain Sawn

Beech

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

0

Carpinus betulus (Hornbeam, 50 y)

Fraxinus excelsior (Ash, 75 y)

Spindle
Guelder Rose

Alder
(30x30)

0

// σ-tensile (yield) [MPa]

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Oak (G)

Bending

0

0

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Alder

0

Fir

Dogwood
Honeysuckle

Hawthorn

0

C14C14C14

C30C30

D40 D40

100

0 0 0

C18 C18

European Ash
(Fraxinus excelsior)

00

C18

35

C35

30

D35

20

40

C24

15

10

5

C24 C24 C22

20

30

40

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl

60

Modified Queen Roof Truss

70

0

0

D18 ?

Fink Roof Truss

Howe Roof Truss

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

0,5 kN

0,2 kN0,2 kN0,2 kN

Beech (GG)

-50

-100

-250

Beech (5)

100

150

50 kN

20 kN20 kN

0 50 100

Ash (5)

Oak (2-3)

Beech

Alder
(50x50)

0

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Fraxinus excelsior (Ash)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Hornbeam
(Carpinus betulus)

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Howe Bridge Truss

Hornbeam

Crataegus laevigata (Hawthorn)

D18 ?

Lonicera periclymenum (Honeysuckle)

50 100

Summer Oak
(Quercus robur)

Dry & Shade Humid/Dry & Light/Shade Humid & Light Wet (standing) & Light

Honeysuckle
Dog Rose

Ash-Oak ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen
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Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

2

7

5

King Post Roof Truss

Oak Larch

-50

Spruce

50

Beech

Pratt Bridge Truss

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

20

Ash

// σ-shear [MPa]   &      σ-shear [MPa]

50 100 150

European Ash
(Fraxinus excelsior)

0

80

20

-150

40

// D40

60

100

// C14

160

// C35

200

Hornbeam

140

120

60

40

-150

80

0

240

60

40

80

200

150

100

European Ash

50

Summer Oak

Pine

Beech

Ash

10

30

50

60

80

90

C30
D40

C14

Black Alder
(Alnus glutinosa)

C18

C24C24 C22

40

Black Currant
Nettle

C22C24

D35

C18C18C18

C30

C14

0

-100

Oak

0 50

Alnus glutinosa (Black Alder) (75%)

Abiotic qualities

10

Humidity: Humid
Half-shade; Light

Soil: Sand/Loam; Mineral; Rich

14

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

9

C30C30

5

6

7

8

C35

2

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

7

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

4

Beech20

100

Alder

Spruce

Alder

C30

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

C30

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

180

45

180

0

160

D40

// σ-tensile (yield) [MPa]

Ash

0

200

-150

100

0

Tension

Hornbeam

Hardness

150

Beech

Beech

Ash

Ash

50

D30

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

100

Beech

C24

Ash

C24

C14

Oak

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Alder

Oak

Alder

150

Oak

Alder

Ash

0

200

100

Alder

Beech

Durability Mold

50

Alder (GG)

Durability Insects

Haagbeuk
- ?

Beuk
- Binnentrappen

0

// σ-bending (modulus of rupture) [MPa]

    Hardness - Janka [kN]

Beuk
- Vloer
- Trap
- Betimmering

Alder

Ash

Fir

D45 ?

0

// σ-compressive [MPa]

AlderAlder

Beech: 31 m³/ha

Beech

Oak

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Ash: 53 m³/ha

Ash

Oak: 33 m³/ha

Ash: 158 m³/ha

C22

PineOak

50

17

10

13

C24

C30

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

80

C24

120

-100

D40

60

50

15

30

25

20

Fir

Humidity

Larch

Light

Spruce

True Quarter

Rift

FirOak

Ash Alder Oak

D30

Spruce

0

8

100

9

D40

12

14

13

0

100

Type 3: Ash-Alder Forest

16

150

0

600

Oak

300

Hornbeam Beech

1000

Fir

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Spruce

800

A

100

50

0

-100

Alder

B

Grade 1:
1x Pile (5.000 x Ø220)

A

-50

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Light

B

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 6:
Energy Recovery

40

LarchOak

Ab

Hornbeam

-100

-50

50

Oak

100

Fir

0

150

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

-250

Beech

0

Larch

C14

C24

C30

C14

Ab

C18

Aa

C30 C30

C24

10

Spruce

20

5

1

0

45

25

0

C18

C30

C30

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

D30

10

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Wet/Humid & Light Wet (moving) & Light

D45 ?

Quercus patraea (Winter Oak)

Carpinus betulus (Hornbeam)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Winter Oak
(Quercus patraea)

Oak-Hornbeam Forest

Viburnum opulus (Guelder Rose)

// σ-shear [MPa]

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Alder
(50x50)

0

Pine

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Prunus padus (Bird Cherry)

20 kN

0

50 kN

20 kN

50

0

Beech

European Beech
(Fagus sylvatica)

-150

-200

20 kN

Fagus sylvatica (Beech)

Quercus robur (Summer Oak)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,5 kN

0

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Carpinus betulus (Hornbeam)

0,2 kN

Forest Complexes, Species & Products

Summer Oak
(Quercus robur)

D45 ?

Fan Roof Truss

0,2 kN

80

Ash

Larch

Hedera helix (Ivy)

Corylus avellana (Hazel)

Church Truss in France

150

Ash

0

-100

// D30

120

40

Spruce

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

150

10

C22

C18

Hornbeam Fir

C24

200

5

100

C14

50

Fir

C14

-150

D35

50

35

D18

C30

C24

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

150

Alnus glutinosa (Black Alder, 50 y)

Fagus sylvatica (Beech, 75 y)

Hazel
Ivy

Honeysuckle

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Beech

C35

Quercus robur (Summer Oak, 150 y)

200

Cant Sawn

C18

1 BEECH

C18

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

D35

Grade 1:
2x Column (6.800 x Ø340)

Alder
(30x30)

0

Oak

D30

Alder
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0
Oak

Type 1: Oak-Beech-Hornbeam Forest

D18 ?
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Hornbeam

6

Oak
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HornbeamLarch
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Alder-Ash
Forest

Species for felling
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C30

Other species
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C14
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Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

3

Hornbeam

Alder

Pratt Roof Truss

C14

Euonymus europaeus (Spindle)

C14

8

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)
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    Hardness - Janka [kN]

Other species

2

C18

// E [GPa]

Ash-Oak-Bird Cherry
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Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)
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5

Beech

C24

D40

1

D35
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Pine
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C24

Alder
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// σ-bending (modulus of rupture) [MPa]

Hornbeam FirSpruce

10

Alder

-50

Alder: 131 m³/ha

// σ-compressive [MPa]

-100

Ash

140

// C14

Spruce

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Compression

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood (ca. 8,4 m³/ha/y)

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6
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Quercus patraea (Winter Oak) (15%)

200

HornbeamHornbeam
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Grade 4:
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(Laths for exterior applications)

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)
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Grade 2:
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8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)
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Alnus glutinosa (Black Alder) (75%)
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Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)
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Type 1: Oak-Beech-Hornbeam Forest
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A. 1x Column (7.500 x 375 x 375)
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Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)
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Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Ca. 5 / phase / ha
Av. 0,2 / year / ha
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(Alnus glutinosa)

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Fraxinus excelsior (Ash, 75 y)

Alnus glutinosa (Black Alder, 50 y)
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l = 2.400 (2.500) mm

Oak (G)
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ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

Modified Queen Roof Truss

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Forest Complexes, Species & Products

Alnus glutinosa (Black Alder)

Ribes nigrum (Black Currant)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Corylus avellana (Hazel)

Carpinus betulus (Hornbeam)

Fagus sylvatica (Beech)
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13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Euonymus europaeus (Spindle)

Prunus padus (Bird Cherry)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Howe Bridge Truss

Corylus avellana (Hazel)

D18 ?

Church Truss in France

Honeysuckle
Dog Rose

100

Humid/Dry & Light/Shade Wet/Humid & Light Wet (standing) & Light

Alder-Ash Forest
(ALNO-PADION)

Ash-Oak ForestOak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

1

9

Pratt Roof Truss

6

0

Winter Oak
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|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

Dogwood
Honeysuckle

Hawthorn

5

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y

Alder Hornbeam

// σ-shear [MPa]   &      σ-shear [MPa]
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Summer Oak
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Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.
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Fraxinus excelsior (European Ash) (25%)

Abiotic qualities
Light:
Humidity: Humid
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Soil: Sand/Loam; Mineral; Rich
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Sand/Loam; Rich in humus
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Abiotic qualities
Viburnum opulus (Guelder Rose)
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Quercus robur (Summer Oak) (25%)
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De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

Alder

Spruce

45

// C35

180

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Alder

Grade 1:
1x Column (15.000 x Ø950)

Alder
(30x30)

0

Type 2: Ash-Oak Forest

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

160

Ash

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Tension

Hornbeam
(Carpinus betulus)

Ash

Hornbeam

500

40

AshAsh

Beech

Oak

140

D30

-50

50

100

140

Ash

C14

Alder

C24C24

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Oak Oak

Alder

Hornbeam

Alder

150100

Alder

50

-100

C30

60

Beech

Durability Insects

100
Alder (GG)Alder (5)

Durability Mold

Beuk
- Binnentrappen

Els
- Fijn timmerwerk (lijsten)

80

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

D18 ?

0

9

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Bird Cherry
(Prunus padus)

    Hardness - Janka [kN]

Spruce Larch

Fir

Fir

Oak

150

Alder

100

Haagbeuk
- ?

50

Oak: 33 m³/ha

// σ-compressive [MPa]

-100

Beech: 31 m³/ha

Alder

C22

Spruce

European Ash
(Fraxinus excelsior)

// σ-bending (modulus of rupture) [MPa]

Oak

15

C14

Flowing Water

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

D18

120

D40

Alder

C18

7

C18

1

Hedera helix (Ivy)

Hornbeam

0

-100

C14

50

C14

4

Corylus avellana (Hazel)

C18

C24

-150

100

Beech

True Quarter

Quarter

Beech

D40

Pine

6

FirOak

8

20

Pine

10

Type 3: Ash-Alder Forest

Larch

11

13

Larch

300

600

17

800

Oak

100

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Alder

1000

Beech

-100

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Beech

100

Beech

European Beech
(Fagus sylvatica)

Alder

Grade 1:
1x Pile (5.000 x Ø220)

Grade 6:
Energy Recovery

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Grade 5:
Sheet Materials & Dowels

Spruce

Grade 6:
Energy Recovery

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Alder

100

Oak

Ab

-50

40

Aa

100

150

C30

0

50

Light

C14

Larch

-200

Humidity

Ash Beech

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

40

50

Pine

A

Larch

C18

Aa

C14C14 C14

10

15

Spruce

20

Flat/Round Sawn

100

B

C24

20

C18

0

C30

0

Oak

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hazel
Ivy

Holly

C14

10

Wet (moving) & LightHumid & Light

Alder Swamp
(ALNION)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade

Fagus sylvatica (Beech)

Fraxinus excelsior (Ash)

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Alder
(50x50)

0

Alder
(50x50)

0

Pine

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

150100

Oak (2-3)

50

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Ilex aquifolium (Holly)

50 kN

100

0

-200

-50

-250

Beech (GG)

European Ash
(Fraxinus excelsior)

50

20 kN

Cornus sanguinea (Dogwood)

0,2 kN

0

0,5 kN 0,5 kN

50

Quercus robur (Summer Oak)

Alnus glutinosa (Black Alder)

σ-shear [MPa]

0

D18 ?

D45 ?

Species Growth & Productivity

50

0,2 kN

0

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

Hornbeam

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Rosa canina (Dog Rose)

Lonicera periclymenum (Honeysuckle)

Grade 6:
Energy Recovery

C24

Larch

Larch

Fir

-50

140

-150

King Post Roof Truss

C18

Hornbeam

OakHornbeam

100

C24

C18
C14

-50

C14

C35

C18

C30

D18

50

150

3

15

60

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

150

D40

0

Oak

Prunus padus (Bird Cherry)

Ca. 266 / phase / ha
Av. 10,6 / year / ha

200

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Assumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Cant Sawn

Beech

D30

1 ALDER

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Carpinus betulus (Hornbeam, 50 y)

C18

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

Light

Grade 6:
Energy Recovery

1 ASH

100

D45 ?

B

150

0

100

C30

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Larch

0

Oak

C14

7

Alder

0

7

Ash

C14

AshLarch

6

D24 ?

0

    Hardness - Janka [kN]

10

16

C35

C30
12

C30

8

6

8

D30
C24

C22

C24 C24

100

C18C18C18

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

15

D35

Prunus padus (Bird Cherry)

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

C14

Euonymus europaeus (Spindle)

C14

2

Spruce

Cornus sanguinea (Dogwood)

C18

-50

Crataegus laevigata (Hawthorn)

4

Lonicera periclymenum (Honeysuckle)

Other species

3

Species for felling

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Oak FirLarchPine

C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

Ash Beech

C24

D40

2

D35

9

5

11

13

14

Pine

C24

17

18

Hornbeam Fir

// D30

// C14

Pine

Hornbeam

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

-50

Ash: 53 m³/ha

Alder: 131 m³/ha

200

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Ash

Hornbeam: 38 m³/ha

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

Processing... Processing...

Processing...

Processing...

Processing...

6,4

5,2

2,0

16,1

1:2

4,6

14,1

4,4

5,7

13,6

17,4

50

Beech: 31 m³/ha

Alder

// σ-compressive [MPa]

0

FirLarch

LarchPineAsh

0

0

1

// σ-bending (modulus of rupture) [MPa]

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

Els
- Fijn timmerwerk (lijsten)

Ilex aquifolium (Holly)

0
Alder (GG)Alder (5)

100

Durability Mold

Hornbeam

Alder

Oak

Ash

100

Alder

Hornbeam

Alder

8

Oak

Alder

C22

50

3

Beech

C18C18 C18

D35

C30

Beuk
- Binnentrappen

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

Haagbeuk
- ?

Beuk
- Vloer
- Trap
- Betimmering

9

C14C14

    Hardness - Janka [kN]

D45 ?

90

C30 C30 C30

D40D40

0

Beech

140

50

100

60

20

Fagus sylvatica (European Beech) (25%)

Beech

80

Ash

200

Hornbeam

100

TensionFraxinus excelsior (European Ash) (75%) Hardness

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Quercus patraea (Winter Oak) (15%)

10050

-50

-150

50

100

C18

12

4

20
Light:

60

80

Humidity:

120

D18

Soil:

50 100

Grade 1:
1x Column (15.000 x Ø950)

C14

150

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Dry

D40

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

D30

150

D18

C30
C35

C14

-50

180

C14

50

100

150

C14

14

Humidity:

C24

Soil:

C24

C18C18

80

Abiotic qualities C22

C14

50

200

C30

150

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials

13

200

Alder Ash

Half-shade; Light

50

Beech BeechAshAlder Pine

30

Grade 3:
Aa. 8x Strut (2.000 x 100 x 100)
Ab. 4x Joist/Tie (4.500 x 250 x 50)
B.   12x Tie (5.000 x 100 x 50)
(C. Planks for other applications)

10

60

0

Abiotic qualities

C24

100

Alnus glutinosa (Black Alder) (75%)

-250

-200

Hornbeam

Wet; moving or standing water

C14

-50

50

D40

Ab

100

C30

Oak

15050

Humidity

Fir

150

100

Larch

B

Light

40

-100

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Grade 3:
A. 27x Strut (2.000 x 100 x 100)
      6x Tie (7.500 x 100 x 50)
B. 24x Tie (3.750 x 200 x 63)
(C. Planks for other applications)

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

Grade 1:
1x Pile (5.000 x Ø220)

Grade 5:
Sheet Materials

Grade 6:
Energy Recovery

Sand/Loam/Clay; Mineral; Rich

D40

A

0

100

D30 C30

-50

BeechAshAlder

C18
C24

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

1000

Fir

D35

800

Oak

600

500

17

C22

C14

70

16

100

Type 3: Ash-Alder Forest

80

40

0

12

11
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Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)
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Black Alder
(Alnus glutinosa)

0
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Species Growth & Productivity

C14

C30

C14

C35

100

Summer Oak

D30

BA

D18 ?

D45 ?

D40

150

Grade 1:
2x Column (6.800 x Ø340)

Grade 6:
Energy Recovery

Grade 5:
Sheet Materials & Dowels

D35

C18

1 OAK

150

Black Alder

C18C18

1 BEECH1 ASH

D45 ?

20

Cant Sawn

1 ALDERAssumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

Beech

Quercus robur (Summer Oak, 150 y)

Fagus sylvatica (Beech, 75 y)

Alnus glutinosa (Black Alder, 50 y)

1 ha (Dry) Beech-Hornbeam-Oak Forest:
Wood Area: 25% hornbeam, 25% beech, 35% oak

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 20 m²)

Phase 3 (after 75 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 56 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 42 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 38 m³)

Phase 6 (after 150 y)
- hazelnuts
- beech nuts & leafs
- HORNBEAM WOOD (2 harvests, 1/2 of area) (ca 38 m³) STEADY
- BEECH WOOD (2 harvests, 1/3 of area) (ca 31 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca 46 m³) STEADY

Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

Alder
(30x30)

0

Alder
(30x30)

0

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

// σ-tensile (yield) [MPa]
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Ash

ANSYS disclaimers and comments:

Values marked * are estimates
ANSYS, inc. provides no warrenty for this data

All woods have properties which show variation;
they depend principally on growth content.

Wood-science laboratories measure the
mean properties of high-quality "clear" wood
samples: small specimens with no knots or
other defects.
Natural materials like wood show greater
variability than man-made materials like steel,
with the result that the allowable values for
mechanical properties may only be 50% of
the mean.
. . . the wood is "stress-graded" . . . assigning
each piece a stress grading G between 0
and 100 . . . properties are further knocked
down by the factor G/100.
Finally, in building construction, there is the
usual requirement of suond practice - an
overall safety factor, typically 2.25. The result
is that the permitted stress for design may be
as low as 20% of the value quoted in wood-
science tabulations.

50

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

ANSYS. (2024). Granta EduPack 2024 R2 (24.2.1). [Database]. Retrieved from https://software.tudelft.nl/

Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl
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Forest Complexes, Species & Products

σ-shear [MPa]

Alnus glutinosa (Black Alder)

Species Growth & Productivity

Alnus glutinosa (Black Alder)

Quercus robur (Summer Oak)

Carpinus betulus (Hornbeam)

0

0,5 kN

0,2 kN0,2 kN

Larch

150

Beech

-200

50

Beech (5)

100

50 kN

20 kN20 kN20 kN

0 50 150

Ash (5)

Oak (2-3)

Pine

Alder
(50x50)

0 Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

// σ-shear [MPa]

Viburnum opulus (Guelder Rose)

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)

Carpinus betulus (Hornbeam)

D45 ?

Quercus patraea (Winter Oak)

Quercus robur (Summer Oak)

Corylus avellana (Hazel)

Hedera helix (Ivy)

Crataegus laevigata (Hawthorn)

D18 ?

0

50 100

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

Maple-Ash Forest or
Bird Cherry-Ash Forest

Dry & Shade Humid/Dry & Light/Shade Wet (moving) & Light

Alder Swamp
(ALNION)

Alder-Ash Forest
(ALNO-PADION)

Oak-Hornbeam ForestOak-Beech Forest
(FAGO-QUERCETUM)

1

4

Return of Investment for 1 hectare 'Picea abies' (x1.000 EURO)

Pratt Roof Truss

6

3

Hornbeam FirLarch

-50

Alder Ash

100

0

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)
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15

0
Hornbeam

Type 1: Oak-Beech-Hornbeam Forest
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Hornbeam

140

100

Alder

Spruce

20

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

220

240

60

0

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

Hornbeam: 38 m³/ha

European Beech

Hornbeam

European Ash

50

// σ-tensile (yield) [MPa]
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C24 C24

C35

C18C18

D40

C30

C14

50

-50

Oak

0

Fraxinus excelsior (European Ash) (25%)

Bird Cherry
(Prunus padus)

Flowing Water

Light:
Humidity: Humid

20

Soil: Sand/Loam; Mineral; Rich

Light

40

Light:

120

50

Sand/Loam; Rich in humus

160

Half-shade; Shade

60

C35

Abiotic qualities
Viburnum opulus (Guelder Rose)

70

Quercus robur (Summer Oak) (25%)

C24

Quercus robur (Summer Oak) (35%)

150

Carpinus betulus (Hornbeam) (25%)

50

11

C30C30

5

6

7

9

C35

2

80

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

D30

Rosa canina (Dog Rose)

Beech

Corylus avellana (Hazel)

Spruce

Hedera helix (Ivy)

8

D40

Hornbeam

D40

0

D24 ?

C35

D45 ?

C14 C14

6

Beech

-150

60

40

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

C30 C30

Hazel
Ivy

Holly

// σ-shear [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)
Ash (D80)
Beech (D45)
Hornbeam (D80)
Oak (D50)

180

200

0

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63x 22 & 63 x 32)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Laths for exterior applications)

Oak (G)

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)
(Plinths)

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021
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Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)
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Growth Rate
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Durability Insects

D18 ?

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven
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Fir

Ash Hornbeam
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Spruce
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Oak: 46 m³/ha
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Oak: 33 m³/ha

FirSpruceHornbeam

Ash: 158 m³/ha
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D40

120

Ash PineOak

Species for felling

Lonicera periclymenum (Honeysuckle)

C18

Cornus sanguinea (Dogwood)

C14

Prunus padus (Bird Cherry)

D35

50

C14

C18

140

D18

C24

-100

D40

40

100

160

30

25

200

Grade 2:
A. 1x Column (7.500 x 375 x 375)
B. 8x Column (3.750 x 200 x 200)
(C. Planks or Veneer for other applications)

Fir

Light

// E [GPa]

PineBeech

Quarter

FirOak

D40

Ash

HumidityType 2: Ash-Oak Forest
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Larch

150100

Alder OakHornbeam

14
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15

Hornbeam
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700

400

300

BeechLarch

900

SprucePine

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Volume [m³/ha] European Ash (Fraxinus excelsior)

Flat/Round Sawn

150

BeechAsh

50

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

Alder Pine

B

-100

Spruce

Grade 5:
Sheet Materials & Dowels

A

Grade 1:
1x Column (5.000 x Ø440)

40

Grade 6:
Energy Recovery

150

Hornbeam

Aa

-150

-100

100

150

Oak Larch Fir

180

Spruce

50

Return of Investment for 1 hectare 'Corylus avellana' (x1.000 EURO)

Larch

B

C14

C24

C30

C18

C30

Ab

Light

C14

Aa

Grade 1:
1x Column (7.500 x Ø600)

200

20

Humidity

5

C18

30

0

European Ash
(Fraxinus excelsior)

C30

C30

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

D40

C22

Ribes nigrum cv. (n.d.). Balkan Ecology Project. https://www.balkep.org/ribes-nigrum-cv.html

Ecopedia. (2024a). Bedrijfstijd. https://www.ecopedia.be/bedrijfstijd

Ecopedia. (2024b). Bomenwijzer. https://www.ecopedia.be/bomenwijzer

Ecopedia. (2024c). Bostypen. https://www.ecopedia.be/bostypen

Wet (standing) & Light

Honeysuckle
Dog Rose

Winter Oak
(Quercus patraea)

Wet/Humid & Light

Ash-Oak Forest

Ilex aquifolium (Holly)

Rosa canina (Dog Rose)

Prunus padus (Bird Cherry)

Fagus sylvatica (Beech)

Humid & Light

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

0

Fraxinus excelsior (Ash)

200

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

Alder
(50x50)

0
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Beech

50 kN
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Hornbeam
(Carpinus betulus)

Beech (GG)

European Beech
(Fagus sylvatica)

20 kN

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Summer Oak
(Quercus robur)

0,5 kN

Corylus avellana (Hazel)

Fagus sylvatica (Beech)

Ribes nigrum (Black Currant)

Fraxinus excelsior (Ash)

Summer Oak
(Quercus robur)

D45 ?

Ribes nigrum (Black Currant)

D18 ?

0,2 kN0,2 kN

Hornbeam

Lonicera periclymenum (Honeysuckle)

Church Truss in France

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

0,2 kN

40

Howe Bridge Truss

// D30
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// C14

40

C18

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

Spruce
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Larch
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C18

Hornbeam

C18

Oak

C24

D35

D18

Pine

C14

-150

Oak

-100

0

FirSpruce

C30C30

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

C24

European Ash
(Fraxinus excelsior)

Fraxinus excelsior (Ash, 75 y)

Carpinus betulus (Hornbeam, 50 y)

Spindle
Guelder Rose

Ca. 5 / phase / ha
Av. 0,2 / year / ha

Beech

D18

Ca. 266 / phase / ha
Av. 10,6 / year / ha

Hazel
Ivy

Honeysuckle

Live/Plain Sawn

Bird Cherry
(Prunus padus)

C18

1 HORNBEAM

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

Oak

Grade 2:
A. 2x Column (4.500 x 225 x 225)
B. 2x Beam (6.000 x 300 x 100)
(C. Planks or Veneer for other applications)

D18 ?
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0

-100

150

0

19

Pine
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// σ-shear [MPa]   &      σ-shear [MPa]

Fir

D40
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King Post Roof Truss
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Alder

19
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OakLarch

C14

Alder-Ash
Forest

Species for felling

Als het gewas de hoogte van ca. 2,5 meter heeft bereikt is het mogelijk om 5 ton stro van een ha te krijgen.
Natuurlijk is dit alleen vanaf het 2e tot en met het 7de jaar mogelijk.
De 7 jaar is een streef getal in de praktijk zal het ene perceel na 5 jaar al gaan aftakelen hoewel andere percelen het wel 8 of 9 jaar uit kunnen houden.
De brandnetel bevat gemiddeld 12% bruikbare vezels.
Concreet betekend dit een opbrengst van 600 kg bruikbare vezels per ha, vergelijkbaar met katoen.

Bierma, J., Blijdorp, B., & Luimes, R. (2008). Teelthandleiding Brandnetels. CAH Dronten.

Hennepwol van 100 mm dik kost per vierkante meter 15 tot 20 euro.
Dit weegt zo'n 40 kg/m3. Een vierkante meter (0,1 m3) weegt dus 4 kg.
Stel brandnetel is vergelijkbaar in gewicht, prijs en isolatiewaarde:
Elke 7 jaar kun je 5 jaar lang 600 kg vezels per hectare per jaar oogsten. Dat is gemiddeld continu 85 kg/ha/j.
Dat komt neer op zo'n 21 m2 isolatie.
Dat levert na verwerking 315 tot 420 Euro/ha/y

Losse vezels van de Himalaya (Girardinia Diversifolia) kosten 70 euro per kg. Als we die prijzen aanhouden levert 1 hectare:
70*85 = 5950 Euro/ha/y
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C30

Other species
12

C14

8

Ribes nigrum (Black Currant)

6

D30

C22

Prunus padus (Bird Cherry)
C24

100

C18C18C18

4

0

Ash

8

C14

Euonymus europaeus (Spindle)

C14

9

Spruce

Corylus avellana (Hazel)

-50

Crataegus laevigata (Hawthorn)

Hedera helix (Ivy)

2

// σ-compressive [MPa] CLASSES
Assumption: 60% of lowest (mean) test value
Alder (D27)
Ash (D40)
Beech (D45)
Hornbeam (D80)
Oak (D40)

Other species

3

C18

// E [GPa]

Ash-Oak-Bird Cherry
Forest

Hornbeam FirLarch

C18 C18

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Alder

    Hardness - Janka [kN]

Beech

C24

D40

2

D35

7

C24

10

7

13

14

15

Hornbeam

50

17

18

// σ-bending (modulus of rupture) [MPa]

Oak

C22

5

150

PineAsh

Beech

Ash: 53 m³/ha

Alder: 131 m³/ha

// σ-compressive [MPa]

100

160

Spruce

80

Hornbeam

200

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

MAI: 4,0-6,3 m³/ha/y
Thinning 95% from 40 y (120-280 EUR/m³)
Cut at 120-150 y (1000-1200 EUR/m³)
ROI: 134-192 y (av. 163 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 120-150 y
Price: 1000-1200 EUR/m³
ROI: 156-260 y (av. 208 y)

MAI: 3,0-10,0 m³/ha/y
Cut at: 40-50 y
Price: 900-1100 EUR/m³
ROI: 49-145 y (av. 97 y)

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)
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+0,1

+0,8

+50 +50+80 +90 +90

+30 +30+10 +10

Gemiddeld
ca 6,5 m³/ha/y

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

Invest: 25.000
Exploit: 1.600/y

Phase 2

Wood:
- Beech (construction)
- Oak (construction)
- Hornbeam (dowels)

Nuts:
- Beechnuts (oil, soap, feed)
- Hazelnuts (edibles)

Leaves:
- Beech leaf (insulation)

Wood (ca. 8,4 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Phase 5Phase 4Phase 3Phase 1

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood:
- Ash (construction)
- Alder (construction)

Fibre:
- Nettle (insulation)

Fruit:
- Blackberry

Nuts

Nuts

Currants

Wood (ca. 5,2 m³/ha/y)

Wood (ca. 7,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Wood (ca. 5,0 m³/ha/y)

Wood:
- Oak (construction)
- Ash (construction)

Nuts:
- Hazelnuts (edibles)

Invest: 25.000
Exploit: 1.600/y

Invest: 25.000
Exploit: 1.600/y

Wood (7,0 m³/ha/y)

Wood (8,4 m³/ha/y)

Wood (5,2 m³/ha/y)

Wood (5,0 m³/ha/y)

Wood (estimated 6,0 m³/ha/y)

Nuts

Invest: 25.000
Exploit: 1.600/y

Phase 6

100%

50%

50%

50% 100%

30%

20%

40%

10%

50%

50%

50%

Growth StagnatesRapid Growth

Rapid Growth Growth Stagnates

Ripe for Harvest

Ripe for Harvest

55o

15o

Felling in winter

Biomeiler 200 m3

Build up every 2 winters  -
Provides 7 - 11 kW (Yearly 61 - 96 MWh)  -

85% of heating requirement  -
Heat exchange delivers 45-55oC to heat pump  -

Bio waste from felling (C:N 30:1)

Water from creek (30-70% of volume)
Dry storage

Bio waste from production

Aerate to ca. 10% oxygen

K2CO3-battery
Heat pump

Biomeiler 200 m3

Heat exchange with K2CO3-battery  -
Break down every 2 summers  -

Sell or use compost  -

North-facing windows 
for daylight

Aerate to ca. 10% oxygen

Compost

WC WC

Rainwater collection

Sewage

Cantelever shading 
stacked timber

Lamellae shading 
west facade

K2CO3-battery
charged by 

fridge & biomeiler

*
WC WC

WC

WC

Collapsable tables
for workshop space

Vent. Max. 1.400 m3/h   Vent. Max. 4.500 m3/h

Vent. Max. 1.400 m3/hVent. Max. 4.500 m3/h
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Historical
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silo

Bike parking

Biomeiler (ca. 800 m³)

Trench silo parking

Type 3

Machines & vehicles

Log pond

Type 2

Bank reinforced
with L-elements

Hortus

Bio waste storage

Type 1

Historical
Hiking

Bird spotting
silo

Bike parking

Biomeiler (ca. 800 m³)

Trench silo parking

Type 3
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Type 2

Bank reinforced
with L-elements
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Bio waste storage
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352
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950

Verblijfsruimte 114,4 m²

Verblijfsruimte 211,4 m²

600Badruimte2,5 m²

5
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1
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S

Silvae

1:1000

Wood Innovation Center
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ca. 100 ha forest
Either expand harvest to 40 ha
Or rely on expansion by government

Production
Hall

Visitor
Center

Management

Watering
Pond

ca. 25 ha forest
80% harvest (20 ha)

Testing
Grounds

Café

Machine
Storage

ca. 55 ha forest
37% harvest (20 ha)

Wood
StorageBird

Spotting

Type 3Type 2

Type 3

Type 1

Type 3

Type 1

Type 2

Type 2

Type 2

Type 1

Type 2

Type 1

Type 1

Type 1

Type 2

+7,0

+6,5

1990
+/- 5 y

+7,5

2000
+/- 5 y

+8,0

1980
+/- 5 y

+7,0

1970
+/- 5 y

1:5000

public proximity
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public proximity

Site

Hiking

Hiking

Biking

Biking
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public proximity

Woudhuisroute

Beekbergerwoudroute

Site

Hiking

Hiking

Biking

Biking
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ca. 100 ha forest
Either expand harvest to 40 ha
Or rely on expansion by government

Production
Hall

Visitor
Center

Management

Watering
Pond

ca. 25 ha forest
80% harvest (20 ha)

Testing
Grounds

Café

Machine
Storage

ca. 55 ha forest
37% harvest (20 ha)

Wood
StorageBird

Spotting

Type 3Type 2

Type 3

Type 1

Type 3

Type 1

Type 2

Type 2

Type 2

Type 1

Type 2

Type 1

Type 1

Type 1

Type 2

+7,0

+6,5

1990
+/- 5 y

+7,5

2000
+/- 5 y

+8,0

1980
+/- 5 y

+7,0

1970
+/- 5 y

1:5000

public proximity
Woudhuisroute

Beekbergerwoudroute

Apeldoorn

Visual connection

Hooilandenroute

Diverted cycling 
route

Regional cycling 
route

Type 1a
(8 ha)

Type 2b
(8 ha)

Type 3b
(9 ha)
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public proximity

restaurant
hiking

field trips
workshops
exhibition

production
innovation
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public proximity
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public proximity

1
2
3
4
5
6
7
8
9
10
11
12
13
14

1

2

3

4

5

8

7

9

13

10

11

6

12
14

Entrance
Lobby/Shop
Reception
Production hall 1
Production hall 2
Workshops/Lectures
Storage
Timber air drying
Cloakroom
Restaurant/Café
Kitchen
Locker rooms
Technical space
Offices

Bird spotting
silo

Historical
Hiking

Type 1

Bike parking

Type 2

Log pond

Hortus

Trench silo parking

Machines & vehicles

Bio waste storage Biomeiler (ca. 600 m³)

Bank reinforced
with L-elements

Type 3

50

6

40

6

26

1 L/s/m²
= 151 m³/h

n=6
1100 m³/h

Essen

30

26

150

7 L/s per toilet
= 202 m³/h total

n=6
2500 m³/h

21 L/s kitchen
= 76 m³/h total

50

30
12

40

26

50

n=5
6000 m³/h

n=3
1900 m³/h

40
12

26

40

Haagbeuken

n=4
2500 m³/h

Essen

5-7-10-6-10-7-5

Beuken

Haagbeuken

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

50

50

6

26

50

70

60

50

2x

40

190 190

1 L/s/m²
= 151 m³/h

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

n=5
4000 m³/h

6

n=6
530 m³/h

145

6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

5-7-10-6-10-7-5

60
60

Beuken

n=6
530 m³/h

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

n=1
130 m³/h

60

10
-6

-1
0

50

2x

2x

170

10
-6

-1
0

170

30

3,2 L/s per m² shaft
= 91 m³/h total

26

50

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

50

60

2x
50

n=6
1100 m³/h

75

30

10-6-10

6

150

Max.
1.400
m³/h

Max.
4.500
m³/h

50

n=1
130 m³/h

30

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

6

60

26

20

10-6-10

2x

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

26

n=15
2100 m³/h

Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h

Eiken

8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

n=3
6000 m³/h

70

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

60m² * 2,6m = 156m³
156*75 = 12 kW

137m² * 3,1m = 425m³
425*75 = 32 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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-  Cork underfloor (6 mm)
- Insulated ribbed Alder LVL
construction floor (250 mm)
- Ash beams (variable height)

Oak window frame (exterior)
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Hornbeam sill

58005000

Curtain wall frame mounted on spline
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Roof (Rc: 6,3 m²K/W)
- Bitumen roofing (6 mm)
- Rigid insulation panels
- Alder LVL sheeting (32 mm)
- Ash beams (300 mm)
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Oak window frame (exterior)
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Educational
institutions

Alder Hornbeam OakBirchAsh

Alder Birch ElmBeechAsh

Alder Hornbeam OakBeechAsh

Ash Oak PoplarElmBirch

Beech Oak WillowHornbeamElm

Producers
and suppliers

Innovation
centers

Agriculture and Architecture
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PV panels on this roof
• energy production clustered
• easy access for maintenance
• less weight on roof of innovation center
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Quercus patraea (Winter Oak) (15%)

Quercus robur (Summer Oak) (35%)
Fagus sylvatica (European Beech) (25%)

4

5

Species for felling

Other species

Lonicera periclymenum (Honeysuckle)

Rosa canina (Dog Rose)

Ilex aquifolium (Holly)
Hedera helix (Ivy)

10

30

40

50

70

80

90

C30C30 C35
D40

C14

True Quarter

C14 C14

D35

Quarter Sawn

Species for felling

Slavonian

Other species

Ribes nigrum (Black Currant)
Prunus padus (Bird Cherry)

70

30

20

Prunus padus (Bird Cherry)

10

Euonymus europaeus (Spindle)

Cornus sanguinea (Dogwood)
Corylus avellana (Hazel)

C22

Hedera helix (Ivy)

C24

-1

Other species

C35

Species for felling

Ash-Oak-Bird Cherry
Forest

C18

D40

-2

C30 C30

C14 C14 C14

1

-4

2

4

5

Ash: 53 m³/ha

Alder: 131 m³/ha

Oak: 33 m³/ha

Ash: 158 m³/ha

Oak: 46 m³/ha

160

Flat/Round Sawn

20

40

0

120

140

180

D40 D40

D30 C30C30
C35

C14C14

C24 C24

C18C18 C18

-1

0 50 100 150

3

6

7

8

2

4

1

    Hardness - Janka [kN]

BeechAshAlder Pine Spruce FirHornbeam

Financial forecast forest expansion to 55 ha

0 100 150
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D24 ?

0

C35

C30C30

C24C24

C18C18C18

C14

150

C14

50

// E [GPa]

Hornbeam Oak FirLarchSpruceAlder

-150

Ash

D40 D40

D30

50

Return of Investment for 1 hectare 'Pinus sylvestris' (x1.000 EURO)

7

8

9

11

12

15

16

17

Hornbeam FirLarchPineAlder Ash Beech
0

0

// σ-tensile (yield) [MPa]

Oak FirSpruceAlder Ash Beech Hornbeam Oak FirSprucePineAlder

100

Ash Beech

150

150100

Haagbeuk
- Vloer
- Trap
- Deuvels en Schroeven

5

50

Els
- Heipaal
- Constructie
- Dakgoot
- Deuren, binnen
- Betimmering

Eiken:
- Constructie
- Gevel
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen en buiten
- Trap
- Betimmering

Haagbeuk
- ?

Eiken:
- Deuren en deurkozijnen, binnen en buiten
- Ramen en raamkozijnen, binnen en buiten
- Gevelbekleding
- Binnentrappen
- Constructie (balken, gordingen, spanten, liggers, kolommen)
- Balustraden
- Fijn timmerwerk (plinten, schroten)

Els
- Fijn timmerwerk (lijsten)

Beuk
- Binnentrappen

Ash (5)

Oak (2-3)

Beech (GG)Beech (5)

Durability InsectsDurability Mold

Oak

Beech

Alder

Ash

Growth Rate

3

Grade 1:
1x Column (15.000 x Ø950)

Ash

Beech

Harvest Period

2

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (50x 22 & 50 x 32)

Oak

AlderAlder

Oak

AlderAlder

Oak

-2

60

Ash ; Beech ; Oak (75x75)
24 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

-1

D18 ?

Beech: 31 m³/ha

Alder (65x65)
18 N/mm2 (V=1,5)

l = 2.400 (2.500) mm

Alder-Ash
Forest

2

Hornbeam

Rift

3

Time [y]

Grade 5:
Sheet Materials

6

-100

-3

D35

Estimation:
Bending strength is approximately 30% of ANSYS value.
Tensile & Compressive strength is approximately 40% of ANSYS value.

Critique Eurocode:
Standardization of wood in classes categorizes all properties in each class.
The assigned strenght class of wood will always depend on the lowest value property.
This is true, even if this authoritative property is not even exploited in the design.
This means that wood is almost always underappreciated on all but one property.
Example:
Even though Oak wood (class D30) is similar to Beech wood (class D40) in many properties,
the relatively lower Young's Modulus resulted in a lower strenght class, resulting in all other
mechanical properties being underestimated. Tensile and compressive strenght are actually
similar to Beech wood, and shear strenght is even bigger.
Problem:
This may result in choices for other wood types (or other materials entirely) that might be
less environmentally desirable. Additionally, this limits high-grade application of certail wood
types.

Solution:
Rethink the Eurocode.
Create and assign species-specific classes, depending on the quality of the wood.
Quality can be marked or even tested during processing.
Quality will depend on ammount of knots and defects, density and growth conditions.
Example:
Rather than assigning a 'D30, D35 or D40' to all decideous wood, regardless of the species,
assign a Qro28 or Qro32 (for Quercus robur), or Agl24 or Agl28 (for Alnus glutinosa).
The number still represents the ultimate bending strength, however all other properties
are no longer generalized and extrapolated across all hardwood species.

100

Oak

-50

Fir

100

Return of Investment for 1 hectare 'Alnus glutinosa' (x1.000 EURO)

Grade 4:
Rafters/Slats/Laths (63 x 22 & 63 x 22)
Rafters/Slats/Laths (50x 32 & 50 x 32)

-50

Larch Fir

100

// σ-bending (modulus of rupture) [MPa]

Alder

Ash

Es
- Constructie
- Vloer
- Kozijnen, binnen en buiten
- Ramen en deuren, binnen
- Trap
- Betimmering

0

Grade 3:
A. 2x Zero-Force Member (2.500 x 125 x 125)
B. 4x Zero-Force Member (2.500 x 150 x 50)

5

0

Grade 3:
Aa. 16x Strut (2.000 x 100 x 100)
Ab.   8x Joist/Tie (4.500 x 225 x 50)
B.   20x Tie (4.500 x 100 x 50)
(C. Planks for other applications)

A

15

10

Grade 5:
Sheet Materials & Dowels

20

Grade 2:
A. 1x Column (5.000 x 250 x 250)
B. 3x Beam (5.000 x 250 x 100)
(C. Planks or Veneer for other applications)

Ash

3

Grade 1:
1x Column (5.000 x Ø440)

D45 ?

Ab

D45 ?

D45 ?

Aa

A

50 100

150

FirSprucePineOak

150

Ash

Financial forecast for 25 ha indigenous production forest + nuts, currants & RV-spaces

LarchSpruce

// σ-compressive [MPa]

AshAlder

Alder

HornbeamFir

// σ-tensile (yield) [MPa]

Ash

D40

C30

C18
C24 C24

10

C30

70

60

15

13

10

30

C14

Grade 2:
4x Column (7.500 x 375 x 375)
8x Beam (7.500 x 375 x 100)
(Planks or Veneer for other applications)

D40

Grade 3:
64x Joist/Tie (3.500 x 175 x 50)
32x Joist/Tie (3.500 x 175 x 63)
96x Joist/Tie (3.500 x 100 x 50
(Planks for exterior applications)

D35

Oak FirLarchHornbeam Pine

Grade 5:
Sheet Materials

C18

C30

C35

C24

C14

C24

C18

C24

C14

D40D40

C14

C30C30

50

60

10

70

Cant Sawn

Live/Plain Sawn

-3
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Schelhaas, M., Clerkx, A. P. P. M., Schoonderwoerd, H., Damen, W., & Oldenburger, J. (2018). Meer hout uit het Nederlandse bos. Vakblad Natuur Bos Landschap, (144), 14-17.

D30

Tension

Hornbeam

D35

-4

C22

HornbeamHornbeam

Bending

0

D45 ?

100

0

50

Ash-Oak Forest Alder Swamp
(ALNION)

0

Wet/Humid & LightHumid/Dry & Light/Shade

150

Dry & Shade Wet (moving) & Light

100

-50

C18

150

50

-150

0

-100

C18

Corylus avellana (Hazel)

Quercus robur (Summer Oak)

Quercus patraea (Winter Oak)

Larch

Crataegus laevigata (Hawthorn)

Fagus sylvatica (Beech)

Oak (G)

Prunus padus (Bird Cherry)
D35

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Hornbeam (70x70)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

Time [y]

De bijgroei van hout is in de afgelopen 20 jaar gedaald.
In de eerste 10 jaar was deze daling van de bijgroei beperkt; de bijgroei daalde van 2,8 miljoen m3 per jaar in 2001-2005 naar 2,7 miljoen m3 per jaar in 2012-2013.
In de daarop volgende 10 jaar is de bijgroei verder afgenomen naar 2,4 miljoen m3 per jaar.
De afname in bijgroei is zowel het gevolg van een verandering in de samenstelling van het bos, als van mogelijke veranderingen in groeiomstandigheden.
Vooral in naaldbos valt de teruggang in bijgroei op. Dit is waarschijnlijk vooral het gevolg van de droogte.
Daarnaast speelt mogelijk mee dat binnen het naaldbos steeds meer loofbomen voorkomen, met over het algemeen een lagere bijgroei,
waardoor het gemiddelde van naaldbos als geheel lager wordt.

Compendium voor de Leefomgeving. (2023). Ontwikkeling van het Nederlandse bos, 2001-2021. CLO | Compendium Voor de Leefomgeving. https://www.clo.nl/indicatoren/nl006909-ontwikkeling-van-het-nederlandse-bos-2001-2021

Alder
(30x30)

0

1 ha (Humid) Ash-Bird Cherry-Oak Forest:
Wood Area: 25% Oak, 75% Ash

Phase 1 (after 25 y)
- hazelnuts

Phase 2 (after 50 y)
- hazelnuts

Phase 3 (after 75 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY

Phase 4 (after 100 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 185 m³) STEADY

Phase 5 (after 125 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 231 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 27 m³)

Phase 6 (after 150 y)
- hazelnuts
- ASH WOOD (2 harvests, 1/3 of area) (ca. 158 m³) STEADY
- OAK WOOD (2 harvests, 1/6 of area) (ca. 33 m³) STEADY

Hornbeam

Return of Investment for 1 hectare 'Carpinus betulus' (x1.000 EURO)

150

Carpinus betulus (Hornbeam, 50 y)

Time [y]

150
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Beech

Ca. 1,3 / phase / ha
Av. 0,05 / year / ha
Ca. 1 / phase / ha

Av. 0,04 / year / ha

100

Assumptions
Bark thickness = 5% of diameter

Log volume = ca. 50% of total volume
Eik spinthout 50 mm dik (scheiden van kern)

hoogte balk = 1/20 van overspanning
dus elke 1000 mm overspanning is 50 mm hoogte

Measurements: 22, 32, 50, 63, 75 + nx25

Centrum Hout. (n.d.). Houtdatabase. Houtinfo.nl. https://www.houtinfo.nl/toepassingen/houtdatabase

50

-1

1 BEECH

Ca. 49 / phase / ha
Av. 2 / year / ha

Ca. 16 / phase / ha
Av. 0,6 / year / ha

1 OAK

Grade 1:
2x Column (6.800 x Ø340)

Carpinus betulus (Hornbeam)

Fagus sylvatica (Beech)

-3

Ribes nigrum (Black Currant)

A

Alnus glutinosa (Black Alder)

1000

Forest Complexes, Species & Products
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Fraxinus excelsior (Ash)

0

0

Return of Investment for 1 hectare 'Fagus sylvatica' (x1.000 EURO)

Return of Investment for 1 hectare 'Quercus robur' (x1.000 EURO)

50

0

0

// σ-shear [MPa]

C30C30

100

80

15

D30

200

C14

BAb

D40

C30

5

-50

Fan Roof TrussFink Roof Truss

In ons klimaat zijn de verwachtingen dat de maximale opbrengsten 2 ton per ha bedragen voor volwassen bomen.
Aangezien de maximale plantdichtheid in een agroforestrysysteem drie maal lager is wordt de opbrengst geschat op +- 700 kg.
Al is dit wellicht een onderschatting, want doordat er meer licht beschikbaar is voor de bomen is de kans reeël dat de bomen productiever zullen zijn dan in een dens plantsysteem.

De opbrengst in kilo’s is relatief laag maar de prijzen voor hazelnoten zijn hoog.
Noten in dop worden verkocht aan een prijs tussen de 5 en de 7€/kg(biologisch).
Als de noten gekraakt zijn, houd je slechts tussen de 40% en 55% van het gewicht over, afhankelijk van het ras.
De prijs voor gekraakte hazelnoten varieert tussen de 15 en 25€/kg (Biologisch).
Gezien de relatief kleine schaal waarop de teelt van hazelnoten momenteel gebeurt, is rechtstreekse afzet via korte keten of verwerking op het eigen bedrijf (tot bv olie, koekjes, notenchocopasta,…) de meest voor de hand liggende optie.

Agroforestry Vlaanderen. (2021). Informatiefiche Hazelaar (Corylus avellana). https://www.agroforestryvlaanderen.be/nl/nieuws/hazelaar-corylus-avellana

700 kg/ha/y betekent dus:
In dop: 3500 tot 4900 Euro/ha/y
Gekraakt: 4200 tot 9625 Euro/ha/y

150

100

1

0

Alder-Ash Forest
(ALNO-PADION)

240

60

40

50

Species Growth & Productivity

100

60

160

140

180

C14

200

20

200

C24

C18

160

C22

5

40

0,5 kN

140

C18

150

0

Church Truss in France

// C30

Humidity:

40

// C30// D40

// C14

Light:

// D40

35

25

// D24 ?

Wet; moving or standing water

// C14

15

0

Carpinus betulus (Hornbeam) (25%)

LarchPineAlder

5

Sand/Loam/Clay; Mineral; Rich

2

Oak-Beech-Hornbeam
Forest

Light:
Abiotic qualities

Fraxinus excelsior (European Ash) (75%)
Quercus robur (Summer Oak) (25%)

Beech

Abiotic qualities

Soil:

Alnus glutinosa (Black Alder) (75%)

3

Soil:

50

Sand/Loam; Rich in humus
Humidity:

200

1500 50

300

Fraxinus excelsior (European Ash) (25%)

Ash

Light:

// σ-shear [MPa]   &      σ-shear [MPa]

Oak

800

Beech

1000

0
Alder

5

-1

C18

// E [GPa] CLASSES
Assumption: 100% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D40)
Hornbeam (D45)
Oak (D30)

// σ-tensile (yield) [MPa] CLASSES
Assumption: 50% of lowest (mean) test value
Alder (D30)
Ash (D40)
Beech (D40)
Hornbeam (D50)
Oak (D40)

|-- σ-shear [MPa] CLASSES [INVENTED]
Assumption: 50% of lowest (mean) test value
Alder (NO CLASS)   [6,4 N/mm²]
Ash (D80)                 [16,1 N/mm²]
Beech (D45)             [13,6 N/mm²]
Hornbeam (D80)      [17,4 N/mm²]
Oak (D50)                [14,1 N/mm²]

1 ha (Wet) Alder-Ash Forest:
Wood Area: 25% Ash, 75% Alder

Phase 1 (after 25 y)
- black currant
- nettle fiber

Phase 2 (after 50 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY

Phase 3 (after 75 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 197 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY

Phase 4 (after 100 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 62 m³) STEADY

Phase 5 (after 125 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 77 m³) STEADY

Phase 6 (after 150 y)
- black currant
- ALDER WOOD (2 harvests, 1/2 of area) (ca 131 m³) STEADY
- ASH WOOD (2 harvests, 1/3 of area) (ca. 53 m³) STEADY
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50

// σ-bending [MPa] CLASSES
Assumption: 40% of lowest (mean) test value
Alder (D24)
Ash (D40)
Beech (D35)
Hornbeam (D55)
Oak (D30)

Dry

King Post Roof Truss

C24

Black Alder

AshBeech

Lonicera periclymenum (Honeysuckle)

Ash

20

Crataegus laevigata (Hawthorn)
Beech

C18

Ash

C14

Ash

Alder

Beech

1 0

60

Return of Investment for 1 hectare 'Fraxinus excelsior' (x1.000 EURO)

Hornbeam

Oak

A

C18

5

Larch

D35

C24

C30

C14

C30

C18

C30

40

120

Ash

Grade 4:
Rafters/Slats/Laths (100 x 22)
Rafters/Slats/Laths (63 x 22 & 63 x 32)
Rafters/Slats/Laths (50 x 22 & 50 x 32)
(Plinths)

C24

50

8

-250

D18 ?

7

0

0

Hornbeam (80x80)
13.500 N/mm2 (V=5)
l = 3.300 (3.550) mm

50 kN 50 kN

D30

20 kN

Alder

Quarter

Hornbeam Fir

0

5

7

6

80

20 kN

50

2

C24

0,2 kN

Grade 6:
Energy Recovery

1

9

D40

-3

Howe Bridge Truss

D40

150

Hornbeam (60x60)
13.500 N/mm2 (V=5)
l = 2.400 (2.500) mm

D40

-200

Alder
(50x50)

0

0,2 kN

100

// σ-bending (modulus of rupture) [MPa]

-4

Oak

D35

13

Hornbeam

C18
Oak

C24

Beech

Corylus avellana (Hazel) BeechBeechAsh

D35Hornbeam

C18

Compression

Pine

Shear

C14

HardnessYoungs Modulus

C35

Time [y]

90

0

100

-2

-1

C14

20

30

40

80

C24

C30

0

C14 C14

100

C18

C24

D45 ?

50

C30C30

C24

C22

-100

C18C18

Oak

C14

// E [GPa]

-4

SpruceAlder Ash Beech
0

Grade 6:
Energy Recovery

6

9

11

14

16

17

18

50

5

50

20

C22

C35

C18C18

D30 C30

C14 C14

Hornbeam Oak

Indication of financial feasibility

LarchSprucePine

9

Beech

Spruce

Hazelnuts 50.000 EUR/y (for 8,3*1,5 ha agroforestry)

Black Currant 30.000 EUR/y (for 8,3 ha agroforestry)

RV space 15.000 EUR/y (for 1000 m2)

All thinning operations from 30y onwards

Nettle fibre
600 kg/ha/y

Hazelnuts
700 kg/ha/y

Hazelnuts
700 kg/ha/y

71

Felling Qr

48

MAI: 6,1-6,8 m³/ha/y
Cut at: 70-80 y
Price: 900-1100 EUR/m³
ROI: 93-119 y (av. 106 y)

MAI: 6,0-8,4 m³/ha/y
Cut at: 40-60 y
Price: 1000-1200 EUR/m³
ROI: 50-88 y (av. 69 y)

63

29

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y
RV space: 15 EUR/m²/y

MAI: 8,4 m³/ha/y
Cut at: 60-75 y
Price: 1000-1200 EUR/m³
ROI: 74-96 y (av. 85 y)

Felling Fs & Fe

Felling Cb & Ag

MAI: 4,4-6,8 m³/ha/y
Cut at: 30-80 y
Price 1000-1200 EUR/m³
ROI: 41-135 y (av. 88 y)

6210381

MAI: 5,0 m³/ha/y
Cut at: 50-80 y
Price: 1000-1200 EUR/m³
ROI: 74-125 y (av. 100 y)

MAI: 4,0-6,3 m³/ha/y
Cut at: 130-150 y
Price: 1000-1200 EUR/m³
ROI: 169-260 y (av. 215 y)

MAI: 280-385 kg/ha/y
Hazelnuts from: 10-30 y
Price 15-25 EUR/kg
ROI: 15-58 y (av. 37 y)

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³

8,3 ha per forest type
20 ha (80%) production
Wood felling: ca. 1.000 EUR/m³
Wood thinning: ca. 300 EUR/m³
Hazelnuts: 50.000 EUR/y
Currants: 30.000 EUR/y
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start
felling
Cb & Ag

start
thinning

Every 25 years
ALDER: 131 m³/ha
ASH: 53 m³/ha

Phase 1

Gemiddeld
ca 6,5 m³/ha/y

Harvest hazelnuts
and currants

Harvest hazelnuts
and currents and
rent RV-space

Every 25 years
ASH: 158 m³/ha
OAK: 33 m³/ha

Every 25 years
BEECH: 31 m³/ha
HORNBEAM: 38 m³/ha
OAK: 46 m³/ha

start
felling

start
thinning

start
felling

Qr

start
felling
Fs & Fe

start
thinning

Phase 3

start
felling

Qr

Phase 2

start
felling
Fs & Fe

start
felling
Cb & Ag

Phase 1

start
felling

Qr

start
felling
Fs & Fe

start
felling
Cb & Ag

start
thinning

Phase 3Phase 2

Wood (ca. 5,2 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Wood (estimated 6,0 m³/ha/y)

Invest: 25.000
Exploit: 1.600/y

Wood:
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8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h

6,5 L/s/person (industrial)
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8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h
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3,2 L/s per m² shaft
= 91 m³/h total
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HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h
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6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h
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26
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2x

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

26

n=15
2100 m³/h

Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h

Eiken

8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

n=3
6000 m³/h

70

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

60m² * 2,6m = 156m³
156*75 = 12 kW

137m² * 3,1m = 425m³
425*75 = 32 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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= 202 m³/h total
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Totaal Debiet: 28.520 m³/h
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Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h

8,5 L/s/person (educational)
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= 76 m³/h total
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= for ca. 10 people: 306 m³/h
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HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm
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Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

26
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200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

209m² * 3,5m = 732m³
732*75 = 55 kW

60m² * 2,6m = 156m³
156*75 = 12 kW

137m² * 3,1m = 425m³
425*75 = 32 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Trench silo parking

Type 3

Machines & vehicles

Log pond

Type 2

Bank reinforced
with L-elements

Hortus

Bike parking

Type 1

Bird spotting
silo

Biomeiler (ca. 600 m³)

Historical
Hiking

Bio waste storage

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

30

Max.
1.400
m³/h

70

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h
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2x
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8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

21 L/s kitchen
= 76 m³/h total
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7 L/s per toilet
= 202 m³/h total
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2100 m³/h
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Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h
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n=6
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10
-6

-1
0

Eiken

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h
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Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

30

50

n=3
6000 m³/h

75

145

2x

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h
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1 L/s/m²
= 151 m³/h

60

n=5
6000 m³/h

n=4
2500 m³/h

60

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

3,2 L/s per m² shaft
= 91 m³/h total

Max.
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m³/h

50

n=5
4000 m³/h

170
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1100 m³/h
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n=3
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6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

60m² * 2,6m = 156m³
156*75 = 12 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Type 3

Machines & vehicles
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Type 2

Bank reinforced
with L-elements

Hortus

Bike parking

Type 1

Bird spotting
silo

Biomeiler (ca. 600 m³)

Historical
Hiking

Bio waste storage

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h
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1.400
m³/h
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6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h
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21 L/s kitchen
= 76 m³/h total

n=6
2500 m³/h

50

40

n=1
130 m³/h

7 L/s per toilet
= 202 m³/h total

n=15
2100 m³/h

2x

50

40

30

26

6

26

26

190

40

2x

60

26

Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h
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Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm
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= for ca. 10 people: 234 m³/h
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2500 m³/h

60

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

3,2 L/s per m² shaft
= 91 m³/h total
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6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

60m² * 2,6m = 156m³
156*75 = 12 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/

515

13025

44
00

44
00

250

25
0

Detail Floor (V2)
1:5 (scaled to 1:10)

44
00

150

- Hornbeam flooring (22 mm)
-  Cork underfloor (6 mm)
- Insulated ribbed Alder LVL
construction floor (250 mm)
- Ash beams (variable height)

44
00

525

Hornbeam sill

Oak window frame (exterior)

35005450 5550

Oak window frame (exterior)

5800 52505000

5250

H

Existing cellars

5000

Roof       Plan
Scale   1:200

K

+8.270

16
50

44
00

Ground Floor
Scale   1:200

Manhole

5250

-850 (top pier)

-330 (top cellar)

+7.150

+5.500 (top beam //)

25
0

27
20

0

44
00

Installations

5

44
00

570

6600

Oak cover

48200

Seal pane with oak clamp

16
50

5550

Hornbeam spline visible

190

44
00

44
00

130

44
00

49
0

24
5

5800

33
0

5000 66005550

60

240

48200

5000

22
00

Rib floor
270mm

Hornbeam sill

Truss construction (1100 mm) with
Hornbeam crotch joints

25
0

Hydraulic elevator
system

538

13
0

32

Hornbeam sill

26
8

+ 2.750

00 (top floor)

Floor
- Hornbeam flooring (12 mm)
-  Cork underfloor (6 mm)
- Insulated ribbed Alder LVL
construction floor (250 mm)
- Ash beams (variable height)

48190

+ 5.485

1940 1150

N

Roof (Rc: 6,3 m²K/W)
- Bitumen roofing (6 mm)
- Rigid insulation panels
- Alder LVL sheeting (32 mm)
- Ash beams (300 mm)

44
00

Existing
foundation

N

- 200

5

49
0

North Facade
Triple glazing (U: 0,8 W/m²K)

250

5450

11
0

Ash framework

525

24
5

Insulation board (170 mm)
Rc: 5,0 W/m²K

Detail Ground Floor (V1)
1:5 (scaled to 1:10)

Insulation board (200 mm)

27
0

+3.300 (top beam)

150

K

Bearing

Elevation
Scale   1:200

First       Floor
Scale   1:200

Detail Window (H1)
1:5 (scaled to 1:10)

4

Detail Gutter (V4)
1:5 (scaled to 1:10)

300

200

Mounting bracket

Oak window frame (exterior)

250

13
0

52505250

11
0

35005450

27
20

0

44
00

44
00

44
00

16
50

25
0

5250525058003500 50005000

44
00

44
00

44
00

16
50

N

50

Concrete or lime-sandstone

5450 3500 5550 6600 5250

K

Ash framework

Triple glazing (U: 0,8 W/m²K)

Ash framework

Hornbeam sill

- Screed (60 mm)
- Insulated ribbed floor (270 mm)

250 125

27
8

22

160200

K

+3.360 (top floor)

00 (top floor)

Detail Roof (V3)
1:5 (scaled to 1:10)

60

250 125

33
0

K

Existing
foundation

- 850

Roof (Rc: 6,3 m²K/W)
- Bitumen roofing (6 mm)
- Rigid insulation panels (200 mm)
- Alder LVL sheeting (32 mm)
- Ash beams (300 mm)

Seal

+9.150

Cascaded curtain wall
facade frame

Cascaded curtain wall
facade frame

Triple glazing
(U: 0,8 W/m²K)

200

300

130160190250

110250

130110

490

- 850

- 1.050

00 (top floor)

10
0

K

Triple glazing (U: 0,8 W/m²K)

Oak window frame (exterior)

Ash framework

Coated frame anchor

Coated mounting bracket

Bearing

27
0

Detail Ground Floor (V1)
1:5 (scaled to 1:10)

80

Curtain wall frame mounted on spline

Cascaded curtain wall
facade frame

Triple glazing
(U: 0,8 W/m²K)

Ash framework

250

K

6600

+3.360 (top floor)

580050005000

44
00

44
00

Roof       Plan
Scale   1:200

N

136

First       Floor
Scale   1:200

N

N

Hidden frame curtain wall system

44
00

44
00

5450 3500

Detail Window (H2)
1:5 (scaled to 1:10)

5250 5250

Extra beam height
(350 mm)

Framing

Rib floor
270mm

5
kN/m²

+ 3.300

00 (top floor)

+ 5.500

+ 7.150

+ 8.270

+ 3.350 (top floor)

3060
4400 4400 4400 4400

Rib floor
250mm

Beams x-direction variable
height (350-440 mm)

28960

Section BB'
Scale   1:200

Beams y-direction
mostly 300x130 mm

-2.330 (top floor cellar)

Section AA'
Scale   1:200

44
00

525066005250

44
00

580035005450 5000

44
00

+ 9.150

44
00

+ 5.785

+3.350
(top floor)12

Wall (Rc: 5,0 m²K/W)
- Alder Multiplex (12 mm)
- Nettle insulation (170 mm)
- Wood fibre board (60 mm)
- Slats (22 mm)
- Oak finish (25 mm)

- Screed (60 mm)
- Insulated ribbed floor (270 mm)

K

4400 2375

5
kN/m²

+6.050 (top beam )

+9.150

00 (top floor)

+3.300 (top beam)

-2.330 (top cellar slab)

K

44
00

5550

4

130

5000

-2.000 (top floor cellar)

Detail First Floor (V2)
1:5 (scaled to 1:10)

32

44004400

+ 9.150

5
kN/m²

3300

-2.000 (top floor cellar)

730

+3.300
(top beam)

Frame fixed to column
with hornbeam spline

Triple glazing
(U: 0,8 W/m²K)

Shrinkage control mesh

+8.270

- 200

Insulation

Bird box

538

5
kN/m²

6600

Opening for staircase

58005000

44
00

44
00

5000

44
00

Triple glazing (U: 0,8 W/m²K)

Ground Floor
Scale   1:200

Rib floor
250mm

490

5550

- 1.050

44
00

G

H

C

4

G

6

G

K

J

1650

1

D H

3

6

2

G JC A

6

2

4

K

4

1

D

Linetypescale 50

123567

3

5

7

KHFEDBA

7

5

4

B C E F G J

KJH JFEDB HA

7

5

3

1

ECA

7

6

4

3

2

Linetypescale 200

B

A'

A

B'

KHECBA

6

4

2

1

3

4

5

7

B D F H K

7 5 3 2 1

A B C E F G J K

A

6

C

2

3

1

D F J

B

A'

Linetypescale 10

A

7

5

1

B FD

B'

4

G

6

E

2

5

Workshops

Interior Production Chain

In
no

va
ti

on

S
ho

p

Recreation Historical Path

V
ie

w

Public Exhibition



52

Trench silo parking

Type 3

Machines & vehicles

Log pond

Type 2

Bank reinforced
with L-elements

Hortus

Bike parking

Type 1

Bird spotting
silo

Biomeiler (ca. 600 m³)

Historical
Hiking

Bio waste storage

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

30
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1.400
m³/h

70

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h
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7 L/s per toilet
= 202 m³/h total
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Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h
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530 m³/h

EssenBeuken

40

2x

10
-6

-1
0

Eiken

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h
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Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

30

50

n=3
6000 m³/h
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6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h
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1 L/s/m²
= 151 m³/h
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6000 m³/h
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4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

3,2 L/s per m² shaft
= 91 m³/h total
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6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

60m² * 2,6m = 156m³
156*75 = 12 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Trench silo parking

Type 3

Machines & vehicles

Log pond

Type 2

Bank reinforced
with L-elements

Hortus

Bike parking

Type 1

Bird spotting
silo

Biomeiler (ca. 600 m³)

Historical
Hiking

Bio waste storage

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h
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1.400
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6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h
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21 L/s kitchen
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Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm

30

50

n=3
6000 m³/h
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= for ca. 10 people: 234 m³/h
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4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h

7 L/s per toilet
14 L/s per bathroom
= 278 m³/h total

3,2 L/s per m² shaft
= 91 m³/h total
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6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

137m² * 3,1m = 425m³
425*75 = 32 kW

60m² * 2,6m = 156m³
156*75 = 12 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Trench silo parking

Type 2
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Machines & vehicles
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Biomeiler (ca. 600 m³)
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Hiking

Bike parking

Type 3

Bio waste storage

Bank reinforced
with L-elements
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HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm
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21 L/s kitchen
= 76 m³/h total
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4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h
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6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h
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or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h
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2500 m³/h
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4000 m³/h

70

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

60m² * 2,6m = 156m³
156*75 = 12 kW

137m² * 3,1m = 425m³
425*75 = 32 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Trench silo parking
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Machines & vehicles

Type 1

Biomeiler (ca. 600 m³)

Historical
Hiking

Bike parking

Type 3

Bio waste storage

Bank reinforced
with L-elements
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Totaal Debiet: 28.520 m³/h
Totaal V1: 10.260 m³/h
Totaal BG: 18.260 m³/h

Zone 1: 8120 m³/h
Zone 2: 10000 m³/h
Zone 3: 10400 m³/h
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Beuken

7 L/s per toilet
= 202 m³/h total

Haagbeuken
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n=6
1100 m³/h

3,2 L/s per m² shaft
= 91 m³/h total

1 L/s/m²
= 151 m³/h

6,5 L/s/person (office)
= for ca. 10 people: 234 m³/h

n=3
6000 m³/h

n=6
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8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

5-7-10-6-10-7-5

6

26

50

50

60

50

6

26

50

7 L/s per toilet
14 L/s per bathroom
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HVAC 1:  3.200 m³/h = 0,889 m³/s
HVAC 2:  700 m³/h = 0,194 m³/s
At 3 m/s
HVAC 1 area:  0,296 m²:  r=310 mm
HVAC 2 area:  0,065 m²:  r=145 mm
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21 L/s kitchen
= 76 m³/h total

n=6
530 m³/h

4 L/s/person (alcohol)
= for ca. 35 people: 504 m³/h
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2100 m³/h
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4.500
m³/h

6,5 L/s/person (industrial)
= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (educational)
= for ca. 10 people: 306 m³/h

Total Ground Floor 2.954 m³/h
Total First Floor 893 m³/h
TOTAL ca. 3.900 m³/h

6,5 L/s/person (industrial)
= for ca. 30 people: 702 m³/h
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= for ca. 10 people: 234 m³/h
or
8,5 L/s/person (school)
= for ca. 20 people: 612 m³/h

170

n=6
2500 m³/h
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4000 m³/h

70

270 m² verwarmd oppervlak
= ca. 810 m³ * 75 W = 60 kW

200 m² verwarmd oppervlak
= ca. 600 m³ * 75 W = 45 kW

60m² * 3,1m = 186m³
186*75 = 14 kW

209m² * 3,5m = 732m³
732*75 = 55 kW

75 W / m³
Heating Ground Floor: 46 kW
Heating First Floor: 67 kW
TOTAL ca. 113 kW

6 months heating required.
ca. 130  working days of 8 hours.
ca. 1.000 hours of heating at 113 kW.
On a yearly basis: 113.000 kWh.

60m² * 2,6m = 156m³
156*75 = 12 kW

137m² * 3,1m = 425m³
425*75 = 32 kW

Bij de nieuwbouw van het Stayokay hostel in Bergen
op Zoom is een speciale constructiewijze toegepast
met houten Kerto-Ripa vloeren. De crux voor deze
plaatoplegging zit in het feit dat de hoogwaardige
Kerto-S ribben constructief verlijmd worden met de
Kerto-Q bovenplaat.
De hoogwaardige Kerto-S ribben worden
constructief verlijmd met de Kerto-Q bovenplaat. Dit
levert een zodanig sterk geheel op dat er ook de
schijfwerking uitgehaald kan worden.
https://www.bouwwereld.nl/bouwdelen/constructie/h
outen-vloer-tussen-stalen-liggers/
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Wall (Rc: 5,0 m²K/W)
- Alder Multiplex (12 mm)
- Nettle insulation (170 mm)
- Wood fibre board (60 mm)
- Slats (22 mm)
- Oak finish (25 mm)

Roof (Rc: 6,3 m²K/W)
- Bitumen roofing (6 mm)
- Rigid insulation panels
- Alder LVL sheeting (32 mm)
- Ash beams (300 mm)

Truss construction (1100 mm) with
Hornbeam crotch joints
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