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Wilp-Achterhoe

ecosystem to building system
- resilient indigenous forests

- local material yield

- new architecural framework
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public proximity

- attracting visitors

- providing activities

- encouraging innovation
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ecosystem to bullding system
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ecosystem to bullding system

Type 1: Oak-Beech-Hornbeam Forest Summer Oak Humidity [
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Application ranking matrix for five wood types in load-bearing constructions

Black European | European Hornbeam Summer
Alder Ash Beech Oak
Top chord (rafter) B G G M G
(limited size)
= | Bottom chord (tie) M G G M G
° (limited size)
§ Web member (strut) B G G E G
7]
£
S | Web member (tie) M G G E G
2
=
& | Zero-force members G G G G G
Nodes, joints, pegs B E G E G
(as dowels)
£ | Posts & columns B G G M G
g (limited size)
c .
© | Beams & purlins B E G M G
£ (limited size)
E B M
races
£ B G G (limited size) G
N
& | Knee braces G G
R B G (universalist) G (universalist)
Sills or Soles B G B M E
(if durable) (moisture) (limited size) (durability)
=
.2 | Studs (vertical) M G G M G
g (limited size)
)
% | Top plates M
g PP M G G (limited size) G
[>]
2 | Headers & lintels B E G E G
= (short span)
= Floor ioist E
L oor joists
E ! B E G (short span) G
.. ..
® | Rim joists M G G M G
E (universalist) (limited size) (universalist)
Sheathing E G G G G
. | Foundation piles E M B M G
9 (moisture)
= | Foundation beams B M B M E
(moisture)

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).



ecosystem to bullding system

architectural tectonics

Hornbeam flooring

Alder LVL construction floors

Ash beams

Hornbeam splines

Beech columns

Oak knee braces

Ash curtain wall frame

Oak cladding
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ecosystem to bullding system

dimensions




ecosystem to bullding system
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ecosystem to bullding system

IMensions

d

sandstone

Concrete of lime

Hydraulic elevator

Installations
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Ground Floor
Scale 1:200
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ecosystem to bullding system
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ecosystem to bullding system
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ecosystem to bullding system

temporality

P4
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ecosystem to bullding system

temporality
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ecosystem to bullding system

temporality

Elevation East
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ecosystem to bullding system

temporality

Ground Floor

Scale 1:200
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ecosystem to bullding system

temporality
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oublic proximity
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public proximity
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Agriculture and Architecture

Alder Ash Birch Hornbeam {é}\

Alder Ash Beech Birch Elm

Alder Ash Beech Hornbeam Oak

7
.~ Producers
and suppliers

Beech Hornbeam Willow




-
€
=
€ )
an;
m
)
-







Bibliography P2

Agroforestry Vlaanderen. (2022). Verwerken van walnoten en hazelnoten: welke methoden en machines?.
https://www.agroforestryvlaanderen.be/nl/nieuws/verwerken-van-walnoten-en-hazelnoten-welke-methoden-en-machines

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

Baeté, H., De Keersmaceker, L., Vandekerckhove, P., Christiaens, B., Esprit, M., Vandekerkhove, K. (2002). Monitoringprogramma
Vlaamse bosreservaten — Bosreservaat Kersselaerspleyn Basisrapport. IBW-rapport Bb 2002.005. Instituut voor Bosbouw
en Wildbeheer, Geraardsbergen

Binthout, W. (2018). Alvast veel plezier van je planken!. Binthout. https://binthout.nl/blogs/nieuws/oplatten-en-drogen-van-hout?
Bray, R. L., Serpa, J. C., & Colak, A. (2019). Supply chain proximity and product quality. Management science, 65(9), 4079-4099.
Centrum Hout. (2017). Sterktegegevens van gezaagd en gelamineerd hout. In Houtinfo.nl.

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

Daly, A. (2024). Timber supply through time — Copenhagen waterfronts under scrutiny. Dendrochronologia, 83, 126164.
https://doi.org/10.1016/j.dendro.2024.126164

De Zwarte Hond. (2012). Park Paviljoen Het Nationale Park De Hoge Veluwe [Architectural Floorplan]. dezwartehond.nl.
https://dezwartehond.nl/projecten/park-paviljoen-het-nationale-park-de-hoge-veluwe/

De Zwarte Hond. (2019). Park Paviljoen Het Nationale Park De Hoge Veluwe [Photos]. dezwartehond.nl.
https://dezwartehond.nl/projecten/park-paviljoen-het-nationale-park-de-hoge-veluwe/

Dobrowolska, D., Hein, S., Oosterbaan, A., Wagner, S., Clark, J., & Skovsgaard, J. P. (2011). A review of European ash (Fraxinus
excelsior L.): implications for silviculture. Forestry, 84(2), 133-148.

Dutu, A. (2021). An engineering view on the traditional timber frames with infills in Romania. In Elsevier eBooks (pp. 377-420).
https://doi.org/10.1016/b978-0-12-821087-1.00005-3

Ecopedia. (n.d.a). Bomenwijzer. https://www.ecopedia.be/bomenwijzer
Ecopedia. (n.d.b). Bostypen. https://www.ecopedia.be/bostypen

Elkhaddar, A. (2024). The Ultimate Guide to Ash Wood: 10 Must-Know Facts. Glamorwood. https://glamorwood.com/types-of-
wood/ash-wood/?srsltid=AfmBOoplFoavbL4GRtOjbnJBPWKICQhZso2wRIDTvyFWpF9BPIRcPZux

Ergun, S. F. Y., & Schuller, M. (2021). Timber frame system after the western influence on the houses of Istanbul. In Eighth Annual
CHS Conference (pp. 339-346).

Fraanje, P. J. (1999). Natuurlijk bouwen met hout: 33 boomsoorten die zich thuisvoelen in Nederland [Print]. Uitgeverij Jan van
Arkel.

Fraanje, P. (2000). Wateren van Hout. NEDERLANDS BOSBOUW TIJDSCHRIFT 2000, 57-61.
Hénninen, K. (2019). Bodegraven-Oud Bodegraafseweg: hout uit een Romeins castellum. BIAXiaal 1082.

Iliev, N., Varbeva, L., Tonchev, T., & Alexandrov, N. (2022). Growth and productivity of sycamore (Acer pseudoplatanus L.) in
natural stands and forest plantations in Bulgaria. FORESTRY IDEAS, 28(63): 178—193

Klingen, S. (2021). Uitkapbos in Nederland. Vakblad Natuur Bos Landschap, 173, 18-20.

Koczan, G., & Kozakiewicz, P. (2016). Comparative analysis of compression and buckling of European beech wood (Fagus
sylvatica L.). Annals of Warsaw University of Life Sciences, Forestry and Wood Technology, (95), 81-90.

Lerink, B. (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

Lignoma. (n.d.). Ash wood. https://www.lignoma.com/en/magazine/ash-wood/

Lof, M., Brunet, J., Filyushkina, A., Lindbladh, M., Skovsgaard, J. P., & Felton, A. (2015). Management of oak forests: striking a
balance between timber production, biodiversity and cultural services. International Journal Of Biodiversity Science
Ecosystems Services & Management, 12(1-2), 59-73. https://doi.org/10.1080/21513732.2015.1120780

Maes, B., & Van Loon, R. (2011). Rapport autochtone beplanting Beekbergerwoud. Ecologisch Adviesbureau Maes.
https://www.ecologischadviesbureaumaes.nl/inventarisatie%20oude%?20boskernen.html

Medovi¢, A. (2021). Does History Repeat Itself? The Determination of Wood Species Used for the Construction of the Viminacium
Amphitheatre. Arheologija I Prirodne Nauke, 17, 41-52. https://doi.org/10.18485/arhe _apn.2021.17.3

Michael Green Architecture. (2014). Wood Innovation Design Centre [Architectural Elevation]. Architectmagazine.com.
https://www.architectmagazine.com/technology/architectural-detail/innovative-detail-wood-innovation-and-design-
centre_o

Mohren, G. M. J., Van Der Aa, B., Muys, B., & Verheyen, K. (2015). Hooghout. Forest Ecology, 325-340.
https://www.researchgate.net/publication/46383606 Hooghout

Oldenburger, J., Reichgelt, A., Boosten, M., Penninkhof, J., Teeuwen, S., Kremers, J., & Van Benthem, M. (2020). Meer
hoogwaardig gebruik van Nederlands hout. Stichting Probos.

Oldenburger, J., Teeuwen, S., & Van Best, S. (2022). Houtproductie en -gebruik in Nederland Productie, import, export en
consumptie van houtproducten in 2020. Stichting Probos. https://www.probos.nl/publicaties/rapporten

Oldenburger, J., Teeuwen, S., Beerkens, G., Op den Kelder, G., & Van Maaren, G. (2023). Houtproductie en -gebruik in Nederland
Productie, import, export en consumptie van houtproducten in 2021. Stichting Probos.
https://www.probos.nl/publicaties/rapporten

Peter, E. (2015). Wood Innovation Design Centre [Photo]. Architectmagazine.com.
https://www.architectmagazine.com/technology/architectural-detail/innovative-detail-wood-innovation-and-design-
centre o

Popadi¢, R., Soski¢, B., Mili¢, G., Todorovié, N., & Furtula, M. (2014). Influence of the Sawing Method on Yield of Beech Logs
with Red Heartwood. Wood Industry/Drvna Industrija, 65(1).

Pramreiter, M., & Grabner, M. (2023). The utilization of European beech wood (Fagus sylvatica L.) in Europe. Forests, 14(7), 1419.
Probos. (n.d.). Kerngegevens Bos en Hout in Nederland. Bos en Hout Cijfers. https://www.bosenhoutcijfers.nl/

Regio Stedendriehoek. (2023). Uitvoeringsagenda 2023-2030. In Uitvoeringsagenda Regio Stedendriehoek.
https://regiostedendriehoek.nl/kennisbank/uitvoeringsagenda-regio-stedendrichoek-2023-2030/

Reh, R., Kristak, L., Kral, P., Pipiska, T., & Jopek, M. (2024). Perspectives on Using Alder, Larch, and Birch Wood Species to
Maintain the Increasing Particleboard Production Flow. Polymers, 16(11), 1532. https://doi.org/10.3390/polym16111532

Rovekamp, C. J. A., & Maes, N. C. M. (2002). Inheemse bomen & struiken op de Veluwe: autochtone genenbronnen en oude
bosplaatsen. Provincie Gelderland, Dienst REW, Afd. landelijk gebied.

Royal Botanic Gardens Kew. (n.d.). Plants of the World Online. https://powo.science.kew.org/

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.

Short, I., & Radford, T. (2008). Silvicultural Guidelines for the Tending and Thinning of Broadleaves.

Smajic, S., Obucina, M., Antonovic, A., Istvanic, J., & Jovanovic, J. (2023). Analysis of yield and sawing methods during
processing low value pedunculate oak (Quercus robur L.) logs to sawmill products. 32nd International Conference on
Wood Science and Technology. University of Zagreb, Faculty of Forestry and Wood Technology.

Staatsbosbeheer. (2022). Het Nederlandse bos wordt steeds gevarieerder. https://www.staatsbosbeheer.nl/wat-we-
doen/nieuws/2022/07/7e-bosinventarisatie

Stichting Wetenschappelijke Atlas van Nederland. (2001). A¢las van Nederland | Landschap | De potentieel natuurlijke vegetatie
van Nederland en aangrenzend gebied. Kartoweb. https://kartoweb.itc.nl/nationaleatlas/16landschap/28/28.html

SWS Forestry Services. (2016). Ash (Fraxinus excelsior L.). In swsforestry.ie. https://swsforestry.ie

Taj, M. A., Kazemi Najafi, S., & Ebrahimi, G. (2009). Withdrawal and lateral resistance of wood screw in beech, hornbeam and
poplar. European Journal of Wood and Wood Products, 67(2), 135-140.

Teeuwen, S., Op den Kelder, G., Van Maaren, G., & Velthuis, J. (2024). Houtproductie en -gebruik in Nederland Productie, import,
export en consumptie van houtproducten in 2022. Stichting Probos. https://www.probos.nl/publicaties/rapporten

Tomter, S. M., Kuliesis, A., & Gschwantner, T. (2016). Annual volume increment of the European forests - description and
evaluation of the national methods used. Annals of Forest Science, 73, 849-856.

Van Benthem, M., & Teeuwen, S. (2018). Wateren van Hout. Stichting Probos.

Van Kemenade, L., & Maes, B. (2024). Attentielijst bedreigde wilde bomen en struiken - Gelderland. Rijksdienst Voor het Cultureel
Erfgoed. https://kennis.cultureelerfgoed.nl/index.php/Attentielijst bedreigde wilde bomen en_struiken - Gelderland

Van Kemenade, L., Maes, B., Copini, P., & Brinkkemper, O. (2021). Behoud genenbronnen van autochtone bomen en struiken in de
Bossenstrategie. Vakblad Natuur Bos Landschap, 18(172), 37-40.

Van Tussenbroek, G. (2022). Historisch hout in Amsterdamse monumenten 2: Dendrochronologie - houthandel - toepassing.
(Publicatiereeks Amsterdamse Monumenten; Vol. 3a). Gemeente Amsterdam, Bureau Monumenten & Archeologie.

Veen, P. J., & Berris, L. B. (1994). Het Beekbergerwoud als genenreservaat. De Levende Natuur, 95(1), 2-3.

Vilkovsky, P., Klement, ., & Vilkovska, T. (2023). The Impact of the Log-Sawing Patterns on the Quantitative and Qualitative
Yield of Beech Timber (Fagus sylvatica L.). Applied Sciences, 13(14), 8262.

Weeda, E. J. (2013). Productie-oerwoud op z’n negentiende-eeuws. I. Mensen, planten en dieren in en om het
Beekbergerwoud. Stratiotes, 45, 29-50.

Weeda, E. J. (2014). Productie-oerwoud op z’n negentiende-eeuws. II. Plantenvondsten en vegetatie-elementen in en om het
Beekbergerwoud. Stratiotes, 46, 57-85.

44



Bibliography P5

Biomeiler. (n.d.). Veelgestelde vragen — Biomeiler. https://biomeiler.nl/veelgestelde-vragen/

Ferreira, I. C. 1., Nederland, S. B., Scholtens, F., & van Ziel, A. (2019). Modeling of a Heating System equipped with a Biomeiler
and a Heat Pump.

Foster + Partners. (n.d.a). Chdteau Margaux [Photo]. https://www.fosterandpartners.com/projects/chateau-margaux
Foster + Partners. (n.d.b). Faustino Winery [Photo]. https://www.fosterandpartners.com/projects/faustino-winery

Herzog & de Meuron. (n.d.a). 374.0 Gipfelgebdude Chdserrugg [Photo]. https://www.herzogdemeuron.com/projects/374-
chaserrugg/

Herzog & de Meuron. (n.d.b). 038 Ricola Storage Building [Photo]. https://www.herzogdemeuron.com/projects/038-ricola-storage-
building/

Kaarten | Atlas Leefomgeving. (n.d.). Atlas Leefomgeving. https://www.atlasleefomgeving.nl/kaarten

Mueller, S. (2021). Production Hall Griisch / Barkow Leibinger [Photo]. ArchDaily. https://www.archdaily.com/461516/production-
hall-grusch-barkow-leibinger-frank-barkow-regine-leibinger

TNO. (2019). De innovatieve warmtebatterij in huis | TNO [Video]. YouTube. https://www.youtube.com/
watch?v=6aXALI8gYik&t=114s

Topotijdreis: 200 jaar topografische kaarten. (n.d.). Topotijdreis. https:/topotijdreis.nl/kaart/1885/@200461,465793,8.91

Universiteit van Nederland. (2024). Zo gaat zout jouw huis verwarmen [Video]. YouTube. https://www.youtube.com/
watch?v=0GKvWs1bO4w&t=410s



e

// /,/,//.,//////

B

AN .,/, //,/
e BAS

e ———— |
G o e

C deq @] aponJisuc ue Jopjey ap Uei
Ipueejsaq Buiunaisiapuo "A'ql uabujuaZI00N
uepndxiw usBunawyje us saijisod aAsaiuyag

J9pjed

‘wro’l .nM..




“ .

00 (top floor)

o
0
~
IR
(=]
Ye]
N
{e]
“V4
V4
o O
(=l =]
< ©
<| ©
V4
o
Te)
N
Ye]
o
[Te]
[Xo]
19}
“V4
o
(<2}
~—
[ee)
<
(]
(=]
[¢°]
0
o
o
o
Te)
o
(@]
%9]
™
“V4
o
o
o
Te)
o
0
<t
o

00 (top floor)

A\V4

48190

47



PV panels on this roof
- energy production clustered

- easy access for maintenance

- less weight on roof of iInnovation center




PHASING

Costs & Profits [x1.000.000 EUR]

Indication of financial feasibility
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Detail Ground Floor (V1)
1:5 (scaled to 1:10)

- Screed (60 mm)

- Insulated ribbed floor (270 mm)

2$0 110 130

Triple glazing (U: 0,8 W/m?2K)

Ash framework

Oak window frame (exterior)

/| & Coated frame anchor

AN QF Coated mounting bracket

=1

Shrinkage control mesh

\
\
\ Seal
\
|

60

330
270

Bearing

Existing
foundation

|
|
|
J Hornbeam sill
|
|
|
|

~0BEN AN
00 (top floor)

-200
AV

100

iz

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

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

570
240 190 130
‘ Cascaded curtain wall
‘ facade frame
Triple glazing
‘ (U: 0,8 W/m2K)
‘ Hornbeam sill
| Floor
- Hornbeam flooring (12 mm) ‘ Ash framework
| - Cork underfloor (6 mm) ‘
\ - Insulated ribbed Alder LVL
[ construction floor (250 mm) +3.350
S - Ash beams (variable height) ‘ h‘ ! (top floor)
- NV
e
| « A
0 +3.300
3
S \ (top beam)
80
| | Gl

Hornbeam spline visible

Curtain wall frame mounted on spline

110 |

Seal pane with oak clamp

130

Oak cover
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200 160 130

|

|

‘ Wall (Re: 5,0 m2K/W)

‘ - Alder Multiplex (12 mm)
- Nettlejinsulation (170 mm)

‘ - Wood fibre board (60 mm)
- Slats (22 mm)

\ - Oak finish (25 mm)

|

Truss construction (1100 mm) with
Hornbeam crotch joints

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

Roof (Rc: 6,3 m2K/W)

- Bitumen roofing (6 mm)

- Rigid insulation panels

- Alder LVL sheeting (32 mm)
- Ash beams (300 mm)

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

Roof (Rc: 6,3 m2K/W)
- Bitumen roofing (6 mm)

- Alder LVL sheeting (32 mm)
- Ash beams (300 mm)

- Rigid insulation panels (200 mm)

K
|
|
|
|
|
|

Insulation
Bird box

Cascaded curtain wall
facade frame

Frame fixed to column
with hornbeam spline

Triple glazing
(U: 0,8 W/m?K)
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Deta” WIﬂdOW (H1) 4 Oak window frame (exterior) Detall VVIﬂdOW (H2) 5
/] 5 (SCa|ed to 1 /] O) Mounting bracket 1 5 (Scaled ‘to ’] 1 O) Hidden frame curtain wall system

Triple glazing (U: 0,8 W/m2K) Triple glazing (U: 0,8 W/m?2K)
Ash framework
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