





];.(_,'()_Ll POLYTECHNIQUE
FEDERALE DE LAUSANNE

Professional Practice
Teaching

Completed projects
Current research & projects

Summary



Client : Brussels International Faires
-Architect: Alliage ™™

Structural engifiger: bureau d’Etudes Weinand

Surface: 9800 m2

Construction cost: € 9'800'000,-

Note: The existing three dimensional timber structure dating from 1987 was
reinforced by a second envelop of steel trusses capable of carrying wind
loads according to new building codes but also a concert grill.

Realization: 2012-2013
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Professional Practice

2007 Pont pédestre sur I’Our,

Burg Reuland

Maitre d'ouvrage : Commune de Burg-Reuland

Architecte: association momentanée Michaelis-Weinand, Espeler
Ingénieur: bureau d'études Weinand
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Professional Practice

2009, Parlement, Lausanne

Maitre d’ouvrage : canton de Vaud
Architectes: Atelier Cube / Bonell & Gil
Ingénieur: bureau d’études Weinand
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Reconstruction du Parlement vaudois

Montage de la toiture

La Cité - Lausanne

Maitre de |'ouvrage: Canton de Vaud
Architectes: Atelier Cube + Bonell i Gil
Ingénieur civil: Yves Weinand
Charpente: Groupe Volet




Philibert de 'Orme

Construction detail




Caracteristic values of spruce Mecanical Properties [Glos 1999]
[P. Niemz, 1993 and P. Glos, 1981)
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Forme
VErsus

Eléements
Coques Structures Structures composés
travaillant en
flexion

nemnvurées

Formes

de
ddmes

spatiales

libres

structure

oL, 2005,

Bimerrair dhe g LW Schreelider, 1874

Fori Takapit, Monovaum, 1000,

The Sawdl, (leen Howells Archiocts. 7006

=
L Crsbermme, 1735,

Fasende pattore P, Marc Mimms, e

j"‘-n-.-L;.-,-—-.' AL

[ Jnie. Taya lis, 197,

Certos prrrpackos bz, Shegern Fan, 2089

Deux démarches sont illustrées & I'aide d'exemples de
ponts congus par les ingénieurs Conzett et Mimram.
Les deux premiers exemples décrivent une situation
ol la pensée structurale a généré la forme du pont.
Le troisieme exemple présente la situation opposée
ol I'objectif d'une forme a donné lieu & la structure.

Le systéme Emy, les fréres Grubenmann et les auteurs
du pont de Kintaikyo ont tous eu recours # la fabri-
cation d'éliéments composés de plusieurs couches et
travaillant en flexion.

Lingénieur Schwedler et lingénieur Hiring ont
construit en 1874 et en 2008 des structures de dimes
répondant & des principes de subdivisions classiques
en paralléles et en méridiens d'une part et en triangles
réguliers d'autre part. Un troisiéme type de dime issu
d'une réflexion sur la lumiére et la topographie se
voit illustré par ["architecte Toyo ito en 2004,

Les structures riéciprogues, celles de [lingénieur
Shukaow, ainsi que le systéme Zollinger sont des struc-
tures spatiales od linteraction entre la géométrie de
Fensemble et celle du noeud joue un rdle significatif
pour la génération de la forme globale de 'ouvrage.

Savill gardens & Windsor en Angleterre et la Multi-
halle & Mannheim en Allemagne sont des structures
spatiales pour lesquelles la forme et la structure sont
interdépendantes. ld, une mise en forme active a été
diployée.

Loutil informatigue permet de générer des formes quel-
congues. Dans le cas des structures du centre Pompi-
dou & Metz et de celles du Golfdub en Corée du Sud
dessiniées par 'architecte Shigeru Ban, la fabrication
de pices découpées sur mesure s'est avére néces-
saire. Ces demiers éléments porteurs sont fagonnés
aprés lachévement de "'opération de la mise en farme.

ENAC | IBOIS | 2013









Déformation sous I’action Vent Transversal - ELS
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Analyse modale

« Mode Propre 0:
— Mode Fondamental
— Fréquence : f0=1.08 Hz
— Période : T0=0.93 s

Animation du mode propre 0

Teaching




Analyse modale

Mode Propre 1 :

1.76 Hz

- f1=

Fréquence

0.57 s

Période : T1

i
£ 2 =
o e g e
7 s S gl
i s 2 e >
Ay = S A
- s o
= = =
- 2
i el i o X
o
& L A - T
e A e _
o, 2 - £ ST, g
B = < =
i S \\ % 5 g u
=
L =4
£ 1 0
L A i
o eF o e _..\\ 17
e
R i < . |
iy o S |
i e
fe 1 o
7 i o
., o
2 -,
i s e [
o L
el i
i ¥
i : o
[ =
e
< o
e "
fo 1
el ’ 1
P e
k7 i e R [
L EEE
i
1
1
S
= - — e o
. - |.|
o
i
) 1
y _l 4 !
_ | e S S [P
T
1

Animation du mode propre 1

Teaching



ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Professional Practice

Teaching

Conception des structures
Grubenmann Project
Study of a Pavilion for Vidy

Previous Research & Completed projects
Current Research & Applied projects

Summary






/5

AT
/ 7' > '\\ ‘AN

AN\ XX
é&\ MNN

Laura Ardizzone, Joséphine Bouvet, Anthony Genton, Amélie Hautier, Léa Rouiller



Laura Ardizzone, Joséphine Bouvet, Anthony Genton, Amélie Hautier, Léa Rouiller



Annie Bavarel, Maya Déglon, David Hoffert, Ana Villena Sandoval, Alexandre Tiarri
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Annie Bavarel, Maya Déglon, David Hoffert, Ana Villena Sandoval, Alexandre Tiarri
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Grubenmann Project

Yves Weinand

Teaching
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Professional Practice
Teaching

Previous Research & Completed projects

Chapelle St Loup

Fractal geometry

Timber Fabric

Origami Beam

Modular Timber structure : Esplanade
Integral Mechanical Attachment : Mendrisio
Timber folded Structure : Vidy

Current Research & Applied projects

Summary
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Folding papers Geometry of folds Prototypes

Hani Buri



couches longitudinales (C24 et C30)
panneau en bois massif contrecollé
3 collage en surface
entre les couches

épaisseur du panneau
——__424500mm

couches transversales e
(2 C20 a C30)

Hani Buri
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Previous Research & Completed projects

Integral Mechanical Attachment : Mendrisio



5100 B.C.: First Handcrafted Joints 1750: Machine (Power) -Tools

Hand-Tool-Technology Machine-Tool-Technology
Image Copyright Zimmerei Steen Image Copyright Wolf Systembau m.b.H.
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Handcrafted Rafter Joints,l Wo;d Nails Nail plaeonnector (Metal Plates)
+ Variable, Custom Solutions + Efficient Production of Joints

+ High stiffness, Rigidity + Efficient Assembly

+ Fire Res., Thermal Cond. - Not variable, Mass Production
- Laborious, Time-consuming - Low stiffness, Rigidity

- rel. low precision - Low precision

- Fire Res., Thermal Cond.

Christopher Robeller, Laurent Humber, Yves Weinand

1989: Computer-controlled Information-Tool-Technology

—

SoalsE “0 sm |
5 Zapfenloch auer3 - -
G e S 60.0 |
7. Zaplenloch quer 3 Hahg:  [1400

8. Zapfenioch uer 3

9. Sageschnitt L LEWEE 0
10.Bohrung 3 Zeit 103
11.Bonrung 3
12.Bonrung 3
13 Bohrung 3 L

~

£ B85 Breiter

[6 o zatentangs  [R_[+_[6oa [roo

K2i Automatic Joinery Machine
Image Copyright: Hans Hundegger Maschinenbau GmbH

K2i Joinery Machine Samples
Image Copyright: Hans Hundegger Maschinenbau GmbH

+ Efficient Production of Joints

+ Efficient Assembly

+ Certain Variability, Custom Solutions
+ High stiffness, Rigidity

+ High precision

+ Fire Res., Thermal Cond.



Fiber-direction-dependent Daovetail joint,
deals well with low dimensional stability,
limits joint to short side,

(Solid wood drawer)

Fiber-direction-independent CLT joint:
(CLT Box Girder)

. Fiber- direction independent
. Geometrical Variability
. CNC Technology allows for fast, precise and cost-efficient automatic production

. Larger inclination possible, stronger joint

Christopher Robeller, Laurent Humber, Yves Weinand



Spruce (solid wood) Spruce (cross-laminated)

Failure in the panel

Christopher Robeller, Laurent Humber, Yves Weinand



Box Girder Parameter Study. Specimen Geometry and Parameters

Material Parametars

Spacimen Parameters

Experiment

3.point fewural test
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Christopher Robeller, Laurent Humber, Yves Weinand

3-point bending test

Deformation {mm)

—s10. 4
——510.5
——510_6
—sg 1
—s5 2
——53_4
596
5107
——510_8



Christopher Robeller, Laurent Humber, Yves Weinand



Christopher Robeller, Laurent Humber, Yves Weinand



Jointed Roof Elements Dovetail Joints fit precisely

Christopher Robeller, Laurent Humber, Yves Weinand



L X
Complete Prototype at Scale 1:5 Assembly of the two halves of the
structure

Christopher Robeller



13.0m

R Qutside 1185.63 Prototype Scale 1:5
R Midsurface 1178.13 Material 15mm CLT
R Inside 1170.63 Layers 3 x 5mm, 7L, Spruce

= o

(2%
27 m
3.4 m

Front View

Mold 2 / Concave Mold 1 / Convex
R=1185.63 R=1170.63

Total Weight 218.17 kg

—

Curved Folding Pavilion R1178.13

Concept and Dimensions

\R1170.63

Christopher Robeller
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Sina Nabaei
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Spruce boards with stress cuts Lamination on mold Panels ready for cutting

Christopher Robeller



Christopher Robeller , Sina Nabaei



Christopher Robeller







Christopher Robeller, Laurent Humber, Yves Weinand




Andrea Stitic, Yves Weinand



{ Mext-sroof
|

777777777777777

> |

roof-wall

Tplate 45 mm
Tstructure 300 mm

Andrea Stitic, Yves Weinand



Andrea Stitic, Yves Weinand




SR i301S

Weiterentwicklung von Faltwerken aus Holzplatten

2006 2008 @——mm 2015

Einfach gekrimmt Rahmen Zweifach gekrummt Zweifach gekrummt
Gehrung Gehrung Schwalbenschwanzzinken Zapfen-/Loch
Einschichtig Einschichtig Einschichtig Zweischichtig
Abwickelbar Abwickelbar Abwickelbar Abwickelbar

8 39 107 152



LE PAVILLON LE PAVILLON

EN-BOIS " EN-BOIS
DU THEATRE DU THEATRE

~VIDY T VIDY

Achieved Research



Current Research & Applied projects

Nabucco
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Chistophe Robeller, Paul Mayencourt, Yves Weinand

2 Retention Force Diagram (Courtesy of A, Luscher)



Protruding Snap
(Section) @

® ®® ®

Non-protruding Snap
(Section)
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Protruding Snap
(Elevation)

Chistophe Robeller, Paul Mayencourt, Yves Weinand

Non-protruding Snap
(Elevation)




Assembly Disassembly

Locate Unlock Detach

ool [l

Chistophe Robeller, Paul Mayencourt, Yves Weinand



Low Stress

Chistophe Robeller, Paul Mayencourt, Yves Weinand



Chistophe Robeller, Paul Mayencourt, Yves Weinand
Research



Cassette Shear block Direct

N S S

Chistophe Robeller, Paul Mayencourt, Yves Weinand












Current Research & Applied projects

Annen Project









9.450

) 6.000

6.300

Christopher Robeller, Didier Callot, Anh Chi Nguyen, Aryan Rezaei Rad, Yves Weinand
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Christopher Robeller, Didier Callot, Anh Chi Nguyen, Aryan Rezaei Rad, Yves Weinand



4 x 7 Segments Prototype




Christopher Robeller, Didier Callot, Anh Chi Nguyen, Aryan Rezaei Rad, Yves Weinand






Christopher Robeller, Didier Callot, Anh Chi Nguyen, Aryan Rezaei Rad, Yves Weinand

Applied research



Christopher Robeller, Didier Callot, Anh Chi Nguyen, Aryan Rezaei Rad, Yves Weinand
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2455

Bmin[ o100

B_max o 113

Mesh
Breps
Flatten
h_WT
h_WB
B_min

B_max

Mesh to Boxes

PolyPlates
PolyWalls
PolyFlat
CrvText
BrepPlates
BrepWalls
Plate Planes
Angle

Info

//

ML

Christopher Robeller, Didier Callot, Anh Chi Nguyen, Aryan Rezaei Rad, Yves Weinand
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357 (356 \ V285 , 1284 )

359 358 2687 (288

Christopher Robeller, Didier Callot, Anh Chi Nguyen, Aryan Rezaei Rad, Yves Weinand









Customized & Advanced BIM / Schwebsange Demonstrator

36251|38308,0 optimized Meshes 0,0 22 196 3 breps 0;0;0 solid 1742016,7 262
36252|38309,0 optimized Meshes 0,0 22_197 0 _breps 0;0;0 solid 2262646,5 257
36253|38310,0 optimized Meshes 0,0 22 197 1 breps 0;0;0 solid 2176714,1 258
36254|38311,0 optimized Meshes 0,0 22_197 2 breps 0;0;0 solid 1718017,5 254
36255/38312,0  optimized Meshes 0,0 22 197 3 breps 0;0;0 solid 1916217,7 263
36256|38313,0 optimized Meshes 0,0 22 198 0 breps lﬂ;ﬂ;ﬂ solid 1997877.5 2N
36257(38314,0  optimized Meshes 0,0 22 198 1 breps 0;0;0 solid 1932955,7 273
36258|38315,0  optimized Meshes 0,0 22 198 2 breps 0;0;0 solid 1369356,3 267
36259(38316,0 optimized Meshes 0,0 22 198 3 breps 0;0;0 solid 1624839,1 273

Schwebsange Prototype 1:1
L-5447 Schwebsange, Luxembourg

NURBS Flache Bogen 22: 192 m2
NURBS Flache Bogen 21: 203 m2 (+6%)

Platten Bogen 22 mit Verbindungen:

- Platten Total 660 m2

- Obere Plattenlage 182 m2
- Untere Plattenlage 172 m2
- Zwischenlage 304 m2

Total 1.000 m2



Advanced Manufacturing Technology

Biesse Rover

High-performance
Plate Machining
Center

High-performance Plate
Machining Center




Further development of integrally attached timber plate construction systems




Collaborative Integration of Complex Details










Current Research & Applied projects

Annen Project :

Mechanical Characterization of integrally
attached timber plate structures



R s

I X
P
WQ‘\
3 <
Y
oL
‘tﬁ 3\.

NS IR PaN,

Aryan Rezaei Rad



Section Compeatibility: e(x,y,z) = a;(y, z)e(x)
Section Equilibrium: s(x) = [, a;"(y,2)0 dA

Section Stiffness: Ks(x) = [, as" (v,2) % as(y,z)dA
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Beech, Perpendicular, 60°
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25

Slip Modulus (KN/mm)

Mean Values for Slip Modulus

Par. 45° Par. 60° Par. 90° Perp. 45° Perp. 60° Perp. 90°
sample

I <lip Modulus

Ductility

Mean Values for Ductility and D(F-Max)/D(y) Ratio

[ Couctility
I O F-Max)/Diy) ratio

Par. 45° Par. 60° Par. 90° Perp. 45° Perp. B0° Perp. 80°
sample

D(F-Max)/D{y) Ratio
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Top
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. . Run Time
Displacement | Reaction Error (sec)
(mm) (KN) ’
FE Model 3.0 46.22 190.90
Macro Model 3.0 46.002 <0.5% 2.10
T
. °p Bas'e Run Time
Displacement | Reaction Error (sec)
(mm) (KN) ’
FE Model 3.0 45.78 240.60
Macro Model 3.0 46.00 <0.48% 3.20
T
. op Bas.e Run Time
Displacement | Reaction Error
(sec.)
(mm) (KN)
FE Model 1.5266 23.3 110.70
Macro Model 1.5195 23.3 <0.46% 2.30




Analysis Run Time

Fase of Use Accuracy Index

Data Transfer Run Time

Analysis Run Time

Fase of Use Accuracy Index

Data Transfer Run Time
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Current Research & Applied projects

MOBIC
Prefabricated timber structural elements using IMA



Julien Gamerro

1, — -
T /E/ X/jil E
TT T
® e e )
dx

Composite
Sections

Layer

Core

Layer

No composite action
NCA

C<T1IX

=\

Cross Strain
section l
{ Partial composite action
PCA
Strain Strain



Julien Gamerro

Continuous I-Beam

Parameters:
Length : 2,5m
Depth : 21 cm
Width : 21 cm
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Flange Section

Web section

Flange Section

Embedment (kc) + Shear (ky)
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Current Research & Applied projects

Centre d’Activité Grand Chalet

Woodworking joints and assembly methods for locally
sawn timber elements in free-form structures
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Yves Weinand



Linear assembly of Scanned Trees as Flat Roof
Structure



Free form cutting AA - Design And Scanned trees are intersected.
Make Intersected area has to be cut
out.



-(I)ﬂ- Centre d’Activité Gare Grand Chalet i3 o, S -(l)ﬂ- Centre d’Activité Gare Grand Chalet
Un projet du Laboratoire des constructions en bois IBOIS de PEPFL, & partir de recherches mendes sur des joints bois-bois et

s méthod mblage mécaniques pour l'util éments irrégulicrs de bois rond dans des structures de forme libre.
Le laboratoire IBOIS est dirigé par le Professeur

Prototype & base de planches / Prototype from planks

Prototype a base de bois brut / Prototype from round

Bois brut / Round wood Planches / Planks
Bois brut / Round wood

&

g
ar

Assemblage des éléments / Assembly of elements

Assemblage boite par boite / Box-Box Assembly Prototype final / Final prototype

Assemblage des arches / Assembly of arches Prototype final / Final prototype
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