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CHAPITRE VI

CONCLUSION

La présente recherche a démontré, dans un premier temps, l'intérét actuel et
renouvelé pour le pli, intérét qui se retrouve au sein d'un espace interdisciplinaire,
ou mathématique, physique, géométrie ou encore philosophie, couplés a ['origami,
participent au développement d'une multitude de domaines variés (art, architecture,
science, etc.). En outre, les nouvelles technologies (algorithme, paramétrique, etc.)
maintenant disponibles encouragent une nouvelle facon de voir les choses et
permettent d'examiner les possibilités émergentes dans ces différents domaines de

recherche.®

Les designers et les chercheurs qui travaillent avec le pli l'utilisent parfois en tant
qu'abstraction théorique, une facon de plier des éléments contradictoires a
Uintérieur d'un ensemble continu. Plier devient alors un processus et non un produit
fini. Les postulats de Lynn et de Eisenman dans Folding In Architecture ont
clairement défini cette vision du pli. Pourtant, malgré le caractere philosophique de
cette approche, certains projets de design ou d'architecture nous informent au sujet
d'une découverte en lien direct avec ces postulats, a savoir : les méthodes de
construction récentes révelent que la complexité et 'unicité des géométries
n'affectent plus de maniére significative les colts de fabrication, et nous font donc
réaliser que |'on peut tout aussi bien produire une série de pieces unigues avec

presque le méme effort que pour produire une série de masse.?' Cette découverte

8 agkathidis, A. (2010). Digital manufacturing : in design and architecture. Amsterdam : BIS
Publishers.

8 lwamoto, L. (2009). Digital fabrications : architectural and material techniques. New York :
Princeton Architectural Press, p.6.
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fait aussi écho aux propos de Peter Eisenman sur la singularité et pave la voie a la
possibilité de fabriquer une multitude de systemes constructifs pliés, a la fois

similaires et unigues.

D’autres ont utilisé le pli en tant que stratégie formelle de maniére a tirer avantage
de la rigidité inhérente des surfaces pliées, sans réellement plier la matiere. On peut
penser ici entre autres a des projets d'architecture ou a des installations artistiques
dont la structure est composée d'éléments juxtaposés dans des angles calquant les
motifs d’origami. De cette maniere, l'utilisation du pli procure une bonne rigidité
sans requérir une grande quantité de matiere pour circonscrire un volume
substantiel. Cette stratégie formelle peut s’appliquer a des matériaux en feuille ou
non, mais dans tous les cas, le ratio poids du matériau versus volume produit

demeure hautement efficace.®

Finalement, certains concepteurs utilisent le pli de facon littérale, soit en tant
qu'action directe sur la matiére. Peu importe que la méthode de conception soit
intuitive, digitale ou encore paramétrique, elle doit invariablement s’arrimer avec le

comportement physique des matériaux en feuille utilisés.

Making becomes knowledge or intelligence creation. In this way of thinking

and doing, design and fabrication, and prototype and final design become

blurred, interactive, and part of a non-linear means of innovation.?*
L'intelligence matérielle, le dimensionnement, l'échelle du projet, les contraintes de
fabrication, de déploiement et d'assemblage sont des parameétres clés de cette
approche du pli. La matiere, loin d'étre percue comme inerte, est plutot appréciée et

interrogée pour sa capacité a réagir aux contraintes physiques créées par le pliage.®

8 |bid, 65.

8 Speaks, Michael. Dans lwamoto, L. (2009). Digital fabrications : architectural and material
techniques. New York : Princeton Architectural Press, p.6.

8 Sheil, B. et Glynn, R. (2011). Fabricate : making digital architecture. (1st éd.). Toronto :
Riverside Architectural Press.
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Ce travail artisanal du pli est bien évidemment ce qui a guidé les expérimentations
de la présente recherche. Ce faisant, 'action de concevoir a été intimement liée a
l'action de construire, et un riche dialogue a pu se bétir entre le prototypage et la

réflexion théorique.

6.1 Expérimenter avec des prototypes : potentiel et limite

Les cycles d’expérimentation réalisés au cours de cette recherche illustrent
limportance de l'approche matérielle du pli. Malgré leur petite échelle, les pliages
de papier décrits au chapitre IV ont démontré leur potentiel, non seulement en tant
que vecteurs pour 'apprentissage du langage du pli, mais également en tant que
modeles acceptables pour découvrir le comportement géométrique des différents
motifs testés. Des enseignements importants ont été réalisés lors de ce premier
cycle, dont entre autres quelques principes fondamentaux du pliage de matériaux en
feuille (capacité de certains motifs a se plier a plat, regles mathématiques des
pliages rigides, etc.), le potentiel de déploiement des différents motifs, ou encore le

niveau de complexité tolérable lors de la conception de motifs.

[...] within the context of current experimental form finding methods the

actual practice of folding provides a case of dynamic form generation research

in analogue media which remains highly relevant.®
A notre époque hautement axée sur la technologie, ot la modélisation se fait
presque systématiquement de maniere numérique et/ou paramétrique, il est
rassurant de constater que l'apport humain a encore sa place et est toujours
pertinent. Qui plus est, l'activité pratique et artisanale de plier du papier cartonné
pour développer des prototypes de systémes constructifs s'est révélée plus efficace
et plus enrichissante qu’une modélisation informatique. Le travail manuel permet en
effet de réfléchir sur les défis inhérents au développement de tel ou tel motif, que

ce soit la complexité de rainage ou encore la difficulté de pliage. Il informe

8 Vyzoviti, S. (2008). Out of the box and into the fold. Falling right into place: The Fold in
Contemporary Art, p41.



145

également sur le processus algorithmique requis pour transformer une feuille
bidimensionnelle en une surface tridimensionnelle, une information cruciale pour la

suite de la recherche.

Les prototypes en carton réalisés lors du deuxieme cycle d'expérimentation ont,
quant a eux, permis 'étude des potentiels et des limites du matériau, et plus
particulierement de 'échelle de réalisation possible. L'intérét de travailler avec ce

matériau fut démontré :

Le carton est un matériau brut, fait presque a 100 % de fibres recyclées, qui

répond adéquatement aux impératifs actuels du développement durable ;

e Lesrécentesinnovations technologiques permettent de produire des cartons

t% et une

plus performants, offrant une grande résistance au flambemen
bonne stabilité structurelle. Il est, a ce titre, tout a fait justifiable d'envisager

construire avec du carton ;

¢ Larelative |égéreté du carton, particulierement celle du carton ondulé, en
fait un matériau idéal pour le déploiement des systemes constructifs,
facilitant ainsi leur manipulation et permettant une variation de

positionnement;

¢ La mémoire matérielle du carton lui procure une certaine énergie lorsqu’il est

comprimé, lui permettant ainsi de se déplier rapidement et facilement.

Les défis liés au comportement structural du matériau peuvent étre relevés. Le
carton plat, comme le carton ondulé, a assez de corps pour rester en place et contrer
l'attraction gravitationnelle, du moment que le motif de pliage choisi soit bien
adapté a 'échelle voulue et que les proportions des tessellations soient juste assez

petites pour lui donner la rigidité voulue. Le choix du motif et de ses proportions

¥ Le flambement est un phénomeéne de déformation qui se manifeste dans des éléments
élancés soumis a un effort de compression.
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influence également la facilité avec laguelle le systéme peut étre manipulé. Comme
il a été démontré au chapitre IV, certains motifs manquent de flexibilité et

permettent donc moins de variation de déploiement.

Malgré tout le potentiel des systémes pliés en carton, une limite majeure demeure,
soit la possibilité de le rainer et de le plier a une échelle architecturale satisfaisante.
Méme si certains ont été rainés mécaniquement, tous les prototypes réalisés au
cours de cette recherche ont été pliés a la main. Cette méthode de pliage a

rapidement démontré sa limite :

e Certains systemes, comme celui basé sur le motif en V décrit a la section
5.2.3, ne peuvent pas étre pliés par une personne. Méme en scindant le motif
en plus petites sections, le pliage reste laborieux ;

e Pour tous les prototypes testés, il existe un seuil dimensionnel au-dela
duquel le motif ne peut pas étre plié par une personne. Cela implique donc
d’avoir recours a plusieurs personnes, qui doivent toutes détenir une

connaissance minimale des manipulations exigées pour plier le motif.

Pour étre en mesure de réaliser un systéme constructif a partir du pliage d'un unique
matériau en feuille, il Faut donc repenser les méthodes de fabrication et adapter les
techniques de rainage et de pliage aux caractéristiques particulieres des motifs

d’'origami.

6.2 Limites du pli

6.2.1 Stratégies pour rainer

Contrairement aux systemes d’emballages industriels, qui n'utilisent que des plis
vallées orthogonaux, les pliages de type origami sont composés d'une alternance ou
d'une combinaison de plis vallées et de plis montagnes avec peu ou pas d’angles
droits. Conséquemment, ['outillage industriel n'est pas actuellement concu pour

rainer les motifs d'origami, tels que le Yoshimura ou le Miura-Ori.
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Méme si les machines CNC peuvent bien évidemment rainer n'importe quel motif
dessiné a l'informatique, elles ne peuvent réaliser que des plis vallées. En d'autres
mots, ces machines ne sont pas équipées pour retourner automatiquement les

feuilles de carton et ne peuvent rainer qu’un coté a la fois. Il Faut donc prévoir un

apport humain pour adapter ces machines aux motifs d'origami.

Figure 6.1 Une machine CNC (3 gauche) et les tétes amovibles (a droite) pour rainer et
couper du carton ondulé. Récupéré le 11 mai 2015 de
http://www.samplemakingcuttertableplottermachine.com/sell-657752-cardboard-xanita-
triple-flute-corrugated-board-pp-corrugated-cnc-cad-sample-maker-cutter.html

De leur cOté, les raineuses-découpeuses rotatives utilisées par 'industrie du carton
plat et du carton ondulé peuvent plus facilement étre adaptées au pliage de type
origami. Puisque les gabarits de découpe sont faits sur mesure, il est envisageable de
produire un gabarit reprenant par exemple les angles du motif Yoshimura. Il faut par
contre accepter la contrainte d'une tessellation réguliére du motif puisqu’a chaque
tour complet du gabarit le méme motif est reproduit. Le diamétre des gabarits est
une autre contrainte 3 considérer, limitant a son tour le dimensionnement des

motifs.
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Figure 6.2 Une raineuse-découpeuse rotative (a gauche) et différents gabarits (a
droite) pour rainer et couper du carton plat. Récupéré le 11 mai 2015 de
http://bharattechno.tradeindia.com/boxes-rotary-die-cutting-1083325.html

6.2.2 Stratégies pour plier

S'il est envisageable de rainer mécaniquement des motifs d’origami, il est plus
difficile de trouver des solutions pour les plier. La méthode artisanale du pliage a la
main ayant démontré ses limites, il apparait essentiel de concevoir un dispositif
automatisé permettant de plier les systémes constructifs envisagés. Méme si les
recherches actuelles permettant de résoudre ce probleme sont encore

embryonnaires, différentes pistes semblent prometteuses:

6.2.2.1 Procédé et appareil pour micro-plier de facon continue

Les chercheurs Basily & Elsayed de ['Université Rutgers de New Jersey ont mis au
point en 2012 une machine et un procédé pour le pliage en continu de matériau en
feuille dans le but de produire différents motifs tridimensionnels. La machine de
pliage présente une premiére série de rouleaux qui confére des plis longitudinaux a
la matiére. Les rouleaux suivants sont embossés avec différentes échelles de
tessellation, augmentant ainsi le nombre de plis. Enfin, la derniére série de rouleaux

confére un motif géométrique au matériau de feuille plié.

Bien que cet appareil ait comme principal objectif de créer de nouveaux matériaux

légers avec des propriétés mécaniques améliorées, il est concevable d'imaginer une
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version surdimensionnée de cette machine, permettant de plier automatiquement

un motif d’origami régulier a grande échelle.

(2005).
Packaging Material Innovation: 3-D Folded Structures. [IPTA essay competition]. p.3.

6.2.2.1 Procédés d’auto-pliage

Christophe Guberan, un étudiant en design industriel de 'Ecole Cantonale d’art de
Lausanne (ECAL), a adapté en 2012 une imprimante a jet d’'encre qui imprime une
mixture d'eau et d’encre. En séchant, cette mixture fait en sorte que le papier se
contracte et se plie automatiquement le long des lignes du motif. En jouant avec la
saturation et ['épaisseur des traits, il est possible d'obtenir différents angles et types
de plis. Ce procédé permet présentement 'auto-pliage d'une feuille de papier
calque, mince et petite. Il est peut-étre pensable d'utiliser une mixture similaire pour
adapter de grandes imprimantes industrielles et ainsi réussir ['auto-pliage d'épaisses

feuilles de carton.
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Figure 6.4 Imprimante a jet d’encre modifiée (a gauche) et papier calque auto-plié (3 droite).
Images récupérées le 17 mai de http://www.christopheguberan.ch/Hydro-Fold

Une équipe multidisciplinaire de chercheurs dirigée par Michael T. Tolley de
'Université Harvard a démontré en 2014 le potentiel d'auto-pliage des polymeres a
mémoire de forme sous l'action de la lumiére. Un rainage d’encre noire de chaque
coté d'une mince feuille de polystyréne optiquement transparent est chauffé par
une lumiere diffuse. Les lignes noires permettent une absorption localisée de la
lumiére, qui chauffe le polymere sous-jacent a une température supérieure a sa
transition vitreuse. A ces températures, les régions encrées prédéfinies se détendent
et se rétrécissent, provoquant ainsi le pliage de la feuille plane en un objet en trois

dimensions.®’

Malgré son potentiel, cette découverte fait face a un certain nombre de difficultés
pratiques. Atteindre une intensité de lumiere uniforme sur de grandes surfaces est
un défi en soi. En outre, il est difficile de réaliser des lignes de pliage bien définies

(des arétes vives ) en utilisant des polymeres a mémoire de forme. Enfin, ['utilisation

8 Liu, Y., Boyles, J.K., Genzer, J. et Dickey, M.D. (2012). Self-folding of polymer sheets using
local light absorption. Soft Matter, 8(6), 1764-1769.
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d'une matiére réagissant a la lumiere en tant que matériau structurel limite la

résistance et le potentiel d’applications des structures formées.®

Figure 6.5 Illustration d'un auto-pliage du motif Miura-Ori (a gauche) et d'un icosahedron (a
droite). Images récupérées de Tolley, M.T., Felton, S.M., Miyashita, S., Xu, L., Shin, B., Zhou, M.,
Rus, D. et Wood, R.J. (2013). Self-folding shape memory laminates for automated fabrication.
Intelligent Robots and Systems (IROS), 2013 IEEE/RS.J International Conference on, Actes du
colloque, 2013, :IEEE.

6.2.2.2 Transposition a une échelle architecturale des stratégies pour plier

La limite majeure a la transposition des principes de ['origami a une échelle
architecturale ne se trouve ni dans la conception des systémes, ni méme dans
'embossage des motifs sur le matériau en feuille, mais plutét dans le déploiement
du systéme, c'est-3-dire dans l'action de plier précisément la feuille bidimensionnelle

en une structure tridimensionnelle.

8 Tolley, M.T., Felton, S.M., Miyashita, S., Xu, L., Shin, B., Zhou, M., Rus, D. et Wood, R.J.
(2013). Self-folding shape memory laminates for automated fabrication. Intelligent Robots and
Systems (IROS), 2013 IEEE/RSJ International Conference on, Actes du colloque, 2013, :IEEE.
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Toutes les recherches sur de nouveaux mécanismes ou processus de pliage se font
présentement a petite échelle. Une fois les stratégies perfectionnées, les différents
chercheurs vont nécessairement étre tentés par un changement d'échelle. Le
rainage et pliage mécanique tel que développé par Basily & Elsayed est certainement
une piste de solution prometteuse pour une application pratique et réaliste de
'hypothése de recherche, tout comme pourrait l'étre la combinaison d'un prépliage
effectué par une raineuse-découpeuse rotative et d'une impression large format
d'une mixture d’eau et d’encre pour un auto-pliage. Dans un cas comme dans l'autre,
la conception devra étre adaptée aux contraintes du mode de fabrication, soit

['utilisation exclusive de tessellations régulieres.
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Figure 6.6 Prototype en spirale utilisant un motif Yoshimura régulier adapté a une
fabrication automatisée.

6.3 Potentiels du pli

L'étude des différentes applications de l'origami est un domaine de recherche
relativement jeune (une vingtaine d’années) et en pleine expansion. Des
mathématiciens cherchent a en comprendre les regles géométriques, des
biologistes transposent certains motifs a des échelles microscopiques, tandis que les
designers de tout horizon en revisitent 'aspect formel ou encore les caractéristiques
structurelles et matérielles. De plus, les précédents illustrant l'approche matérielle
du pli sont diversifiés et nombreux, confortant l'intérét de poursuivre la recherche

dans ce domaine.
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Le biais architectural de notre recherche nous a permis non seulement d'analyser le
potentiel structurel des structures pliées, mais également de réfléchir a la
tectonique et aux caractéristiques spatiales qui leur sont propres. Compte tenu de
'échelle utilisée lors du premier cycle d’expérimentation, les prototypes réalisés
demeurent essentiellement de petits objets pliés, permettant néanmoins
d'extrapoler leur potentiel spatial a une échelle architecturale. Ces objets, qui sont
appréciés et évalués de maniére externe, présentent une poésie matérielle
distinctive. L'ondulation induite par le pliage introduit une rythmique unique, qui a
son tour procure une variation lumineuse pleine de nuances. La forme des objets est
également transformable, un dynamisme qui s'exprime par l'éventail de variation de
déploiement des motifs pliés. Ce caractere intrinséquement changeant des pliages
permet d'envisager des objets, et éventuellement une architecture, transitoire et
versatile, faisant ainsi écho a la notion de singularité mise de ['avant par les tenants

de l'approche théorigue du pli.

Enfin, les prototypes en carton réalisés lors du deuxieme cycle d’expérimentation
ont entre autres démontré les potentialités de ce matériau pour la réalisation de
systémes constructifs. Mais plus particulierement, ce changement d’échelle a permis

la translation de 'origami-objet vers ['origami-espace.

C'est dans son aptitude a devenir conjointement organe qui exerce une
fonction, structure qui assure la pérennité et sculpture expressive, que le pli
intéresse celui— architecte, ingénieur, designer ou plasticien — qui procede 3 la
mise en forme de 'espace et de la matiére.?’

Construire avec le pliaméne inéluctablement a la création d'espaces sans pareils, ou

la structure est carrément dérivée de la matiére. Cette capacité a recouvrir un

8 Delarue, J-M. (1997). Le pli, source de formes et de sens. Les cahiers de la recherche
architecturale(40), p.39.
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espace de grandes dimensions avec une faible épaisseur est en effet une

caractéristique propre aux structures pliées de type origami.

L'origami architectural peut définitivement servir de générateur d’espace, un espace
qui n'est plus seulement hautement efficace, mais qui est aussi lié aux affects,
permettant ainsi une interaction avec les sens des utilisateurs. En ce sens, ['origami
architectural s’émancipe, n'étant plus simplement la transposition d'un objet plié,

mais plutdt un véritable espace habitable.



APPENDICE A

ENTREVUE AVEC JOEL LAMERE

Ceci est la retranscription d'un entretien Skype réalisé le 18 novembre 2014 avec
Joel Lamere. Cela fait suite a une premiére discussion informelle, toujours via Skype,

qui a eu lieu le samedi 4 octobre 2014.

Joel Lamere (JL): Hi Jean-Francois, how is it going?

Jean-Francois Roy (JFR): Not so bad | guess, but not great either, because | am
researching so many things right now and the more | research the more | see people
who have done pretty much what | want to do, so, it is sometimes discouraging! |
have seen, for example, a company called «Cardborigami» who is manufacturing
cardboard shelters for homeless in Los Angeles. The shelter is based on the classic

Yoshimura pattern.

JL: Well I think that means that there is room for innovation in a couple of ways, one
of which is «different patterns that are doing slightly different things» and then the
other one, to your point, might be a kind of more dimensional study of different

proportions and different occupy-ability questions.

JFR: Yes, you are right about dimensional study. The latest prototype that | have
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been testing is a modular system that incorporates different lengths of different
folding patterns: the Yoshimura pattern, the V-shape pattern and the Miura-Ori
pattern. The basic idea is modularity and adaptability: the user can decide how to
make his shelter by putting together different pattern options. By doing so he can
create the shape that he wants. It is a «constructive system» that anyone can play
with and modify as he pleases. Right now | am looking at what kind of proportion a

particular shape is having, what kind of space it is producing, etc.
JL: Are you committed to that particular pattern, or are you still exploring?

JFR: I am not fixed yet. | tried some of the curved patterns your student showed me
when | visited your office last month. | also tried some curved pattern designed by

Hoffman. But one of my most important questions right now is how to decide which
pattern to use! How to decide which one is good, which one is the best fit for what |

want to do. | have the feeling | could be testing patterns for years...

JL: Forever! Which is part of the question for me. | have been kind of doing it forever:
| started folding in 2005, nine years ago, like a long, long time, right? You do not get
around to the kind of complexity of the assemblies that | have without just learning

it as a kind of language.

JFR: So then tell me, where do you find inspiration when designing new folding

patterns?

JL: Early on, people like David Huffman were the inspiration, people who had just
done things that | haven't seen before. So fairly early in the process, when | was
totally new to it, then other people were a piece of that inspiration. But it should be
noted that when | started nine years ago, there wasn't a lot of curved folding in the
world, it was just a couple of people that were interested in that at all. It was before
Erik Demaine had done any of the stuff that he's doing now, it was before the Paul
Jackson book, it was before any of the origami peoples who had embraced it. It was
just a couple of people doing it, and there were just a couple of images online of this

really interesting historic fantasy, which was that of David Huffman.
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But very quickly since then my research discovered things that no one else had been
doing, like no one else was up to some of the stuff that | had figured out. And as
such I lost the capacity to use other people as a kind of precedent and inspiration. So
basically, everything | have seen since then is less interesting to me than the stuff |
have been doing myself. That is a kind of unfair thing to say because | know other
people have been doing awesome stuff. But | have developed a somewhat specific
«oeuvre», and so, for me, the kind of progress that | can make sits within the realm
that | have already sort of created for myself, a very specific boundary that | am

interested with.

For me the inspiration and the creativity come in part just from, and | said this
before, understanding what | am doing as a kind of language, a language with
constraints. And then once you understand the language then you start to build
bigger sentences out of it, right? You understand certain formal output form pieces
you produce; you understand the rules of how they might meet from one piece into
another. And it becomes like a kind of aggregation exercise, where you look at a
thing that you have already made, and you critique it, and you imagine «okay, what if
| just extended the surface a little further this way, or lintersect it there, then

suddenly I might get something categorically different».

So the things that inspire me are actually the existing pieces that | have already done
in some sense and on the other end a kind of broader look at architecture. On one
end | am looking very closely at the folding that | am doing, but on the otherend |
am looking at the biggest architectural typologies that might be inspirational to me.
Some of the work that | am doing right now, the «concrete tables and benches», uses
a kind of arch, an idea that is really based on architectural history and not as much on
folding, it is coincidental that it can be folded. In the end it was always about the

history of architecture.

JFR: What I understand is that you are looking at architectural precedents, a much

bigger scale, trying to bring it back to the scale of your experiments?
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JL:Imagine, seeing them in terms of their scale, the kinds of surfaces that they
created, the general form-making at the intersection that you see in those, all the
kinds of basic criteria of architecture. And also other basic typologies, like the half-
dome shell, which actually served as a kind of inspiration for me, trying to figure out
a particular folding pattern that might produce, in a single sheet, a kind of pure
hemispherical geometry. That is taking architectural typological precedent and
translating it into folded methodology. So | would say those are the places where my
inspiration comes from; the linguistic aspect on one end and the architectural

precedent on the other.

If you were to ask an origami person that same question, the answer could be
different. | was just in Singapore to teach a workshop and the origami club asks me
to come speak to them. | went there and they ask me a similar question: «how do
you design, or what is the inspiration used in your design?» And | gave them some of
the same answer, that it is a linguistic question to me, that it is a formal question
related to architecture. But for them, they said to be mostly inspired by nature. Well,
you know, nature has very little to do with the kind of specific rule making that
folding demands, right? Nature growth strategies and layering strategies which are
implicit in nature, cellular component, the building block of nature, has really
nothing to do with folding. So | find it a little bit strange that someone would be
seeing the kinds of demands, rules and rigours of folding and then claimed that
nature was the inspiration for it. Nature can inspire a lot of things but | do not think
folding is one of those things. | think nature can inspire all sorts of structural
premises, and certainly other constructive enterprises but folding doesn't seem to

be in that realm.

JFR: In your opinion, how important is the modularity when folding sheet materials?
If I look at two installations you did, the Overliner for MIT and 25-Arch Folium for the
Evergreen Museum gardens®, | would say that, to a certain extent, you have used a

rhythmic repetition of a singular pattern. Do you always see folding sheet material as

©V/oir p.23 du chapitre | pour des photographies des installations de Joel Lamere.
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that kind of modularity or you would see it also as «every fold is a unique one and

makes a unique shape»?

JL: I think you are getting to the heart of some of it! You know, one other question
you ask when we last spoke was «what are the problems you encounter when you
start to materialize, when you scale it up from paper models to other material?» |
think that question is actually related to the answer that | am about to give you for
this question of modularity, which is that, of course, the kind of studies one does
with a single sheet, at the scale of a grapefruit is not going to apply to how you
imagine larger scale enterprises. Because sheets come in limited scale, 4’ x 8’ here in
the U.S.A. So knowing and acknowledging the fact that you are going to have to
figure out ways to aggregate multiples is embedded in the problem of scaling up, so
modularization in that sense is a necessary question. So | would answer it in kind of
two ways actually, which is to say, when | am doing design work at the scale of a
piece of paper, those are the ones that are proxies for pure geometric exercises to
me. And so | am not considering scaling up or modules at all when | am doing those
specific exercises. Because the constraint of just pretending it is a single sheet is the
same constrain that pretending it is a single geometric surface. Before the question
of the scaling, when you are doing just the pure geometric work, you get to better
and more interesting geometries. So that would be one answer for the question,
that one version of the design work that | do doesn't care about that, actually when |
am just doing pure folding patterns, | say: «I don't care about scaling, | don't care
about modules, | don't care about the sheet size, | just care about the geometric

exercise.» That is the more linguistic act.

Then, of course, the other answer to your question is the one which | immediately
engage. So if | am designing something more specifically, not doing pure
experimentation but designing an object or an installation like the Overliner or the
25-Arch Folium; in both cases, when | was designing an object and | knew | had a
specific scale then questions of modules, questions of discretization and

pannelization are fundamental, they come to the fore rather immediately. So those
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two projects actually had very different attitude in regards to modularity. In the
folding of 25-Arch Folium, it is a pure single geometry, a single folded object, which
is then cut apart into sheets. The detailing that | figured out are details that allow
you to produce the illusion of a singular geometry out of a single sheet, which is to
say, | had to figure out how to make the overlaps so that the fairness of curvature
exist around there, because if | make just butt joints then they would bend very
shortly and if I make the overlap too far then they will not bend as much as the other

pieces would bend.

JFR: So it is basically a question of connection in that case, how to connect all the

different pieces?

JL: Exactly, so you have seen, | had some stitched ones, some riveted ones, and some
glued pieces. Of course, the question of sheet connection is fundamental. So in that
project the modules came after: | designed the big object and then | figured out a

pattern for subdividing it.

But for the Overliner installation it's very different. The intention here was to try to
create something which was a single module that could be aggregated into the
whole, with the exception of the top and the bottom, right, so there was a kind of
regularity for the majority of the spiral and unique pieces at the top and at the
bottom that responds to slightly different conditions. That project is very much like a
module-born exercise where there is a kind of specific radial splay degree that it
needs to have, a specific step between one to the next that it needs to have, in order
to produce something which both sits very precisely above the stairs but can also be
self-structured. That project is hung from the center using cables and then each of
the beams just cantilevers out (by beam | really mean a folded piece) and then a little
strap holds it 180 degrees across the spiral to another one so they balance one
another (and rotate). So that one is a modular idea, right, you have to start with what
kind of module you consider cantilevering first, then balancing second, then rotating

and connecting.
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So | guess | do not have a singular answer, it depends on the project. Sometimes the
modules are a kind of afterthought and sometimes the modules are prime drivers

for a project.

JFR: Along the line of scaling issues, | have been playing with the cardboard material
and so, when | am designing my prototypes with small sheets of paper, it is fairly
simple, my hands are big enough to fold it and to play with it but when it's a sheet of
5" x 10", or when | want to work with three or four of those sheets, it's more
complicated. For example, | was not able to fold the V-shape pattern because it was
too stiff and it was too huge. So, how do you deal with the issue of folding large
sheets? Do you use robots; do you have to be a lot of people together to fold the

pieces into place?

JL: You have seen what RoboFold®' can do, right? | am not a fan of the geometry
they are producing, they are not being experimental enough on that end but they
think of different strategies for the actual folding process, which are really
sophisticated. | have approached it differently project by project. For example, for
the Overliner, we stopped pretty much at the scale of what one person could fold by
himself; so we thought of the modules. The modules as a kind of beam idea but also
as asingle 4’ x 8’ sheet that could be kind of pushed laterally until you could put your
arms around it and then it was able to be folded. And so it was very much like the

scale of the unit itself was calibrated to «single person folding».

The 25-Arch Folium, on the other end, was just the very first project where we had
really scaled the stuff up at all and it was a group force strategy. We actually had
four people at once, once we stitched a big cluster of sheet together, that was eight
sheets of 4’ x 8’ at one time, it was huge, right! So we had two people over here
starting at one end, two people over there, lifting it up and by the time you start

lifting it you can start turning it and bringing it together to start connecting it on the

" Voir p.24 du chapitre | pour des photographies d’un projet réalisé par RoboFold.
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other side. You basically had four people just trying to control the various moments
of the folding until you could bring it together. That could have been done in a
better way, but that is how we did the first one. So we learned lessons from that. We
learned two lessons: one of them, we applied directly to the Overliner project and
just made the folding operations scaled to what one person could do. The other
version that we had done before is like a kind of rig version where you, well, you
know how the folding works, you have done now enough of it right, where once you

get the fold started, you are in good shape.
JFR: Of course, but you got to be able to do the first fold!

JL: The first part is hard; you have to get all the pieces to fold in the right direction.
Once that is started, everything goes into place. So we have been doing some
experiments with fold where, in addition to cutting a fold pattern into a sheet, you
also put stops on one side that are embedded, so the fold can only go one direction.
Those devices actually start the fold on one direction and prevent it to fold on the

other direction. They actually pre-start the bend for you.

JFR: I like your concern that one person can fold one module because that was to a
certain extent my desire to try to design a shelter that one person can easily fold and

carry around.

JL: Looking at the prototype you are showing me right now I think it is kind of
interesting, because | think that the one person fold and the modularity that you are

looking at is interesting.

JFR: Talking about how to fold, in your experience, do you think that all sheet
materials are suitable for all forms, or are some forms only realizable with specific

materials?

JL: Yes and no. You know that there are constants that are applied to all sheet
materials, which is the degree of curvature that they can take and the thickness. So,

of course, not everything is going to be usable for every project, because if it cannot
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be curved, or cannot be folded for that matter, orif it can only be curved to a certain
radii, then it's not going to work. Also if it's too thick and you are trying to fold it you

will run into all sorts of problems with the centerline of geometry, and it will break.

So the clear answer is, of course, not every material is going to be appropriate but
every sheet material has the potential to be folded, it just means you will have to
encounter different problems. For instance, | have folded plywood! Plywood itself if
you mill it, it will break, it will not fold at all. But if you are accepting the possibility of
other things acting as the hinges for you, then you can fold it. I mill the folding lines
in the plywood piece, but then | laminated the other side with canvas; and that
lamination allowed the canvas to act as the hinge. These things work fine, but it

doesn't mean everyone, of course, is going to be acceptable in every context.

JFR: What | have seen from you so far is that you have been working a lot with

plastic. Would you say that it is your preferred material?

JL: Itis because right now it is the easiest to scale up with, and it allows the most
sophisticated geometries to come up with. It also has the fewest constraints: it is
very easy to mill with the machines we have right now, it folds very well without
breaking or cracking, it doesn't need the secondary material that, say, the wood
does. Itis just a really easy format to get interesting geometries out there into the
world. And | happen to like the material; | like the translucency of it, I like the kind of
softness that it gives. Those are just effects that | love about it, so it is a preferred
material because of that. | am doing stuff in all sorts of other things, though. | have a

lot of aluminum folding projects going on right now.

JFR:in your research, are you more concerned with the characteristic and
specification of the material itself or with the spatial end-result? Would you say that

your research is more material or form oriented?

JL: Well, of course, probably everyone you ask that question answered a nice mix of

both! In some sense | reject the bifurcation of those two things at all, especially
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when it comes to folding. The beauty of the form and the spatial geometry of
folding is that it is inherently material. That is the thing about it that makes it so
great: it is the material constraint which makes the form of folding. With all the
other kinds of three-dimensional modelling stuff when you ignore the constraints of
materiality you can get very seductive kinds of geometries, but they do not have any
embedded relationship with the world. So | kind of reject that in the world of folding
these things are actually even separate; | think that the beauty of the form comes
from the constraints of materiality, and that the materialization is deeply embedded
in the form, so they are kind of intermingled in some ways. So | reject the bifurcation
and say, of course, | am super interested in both of those things and this is why both
the catalogue of geometries is ever expanding for me and the catalogue of material

in which | play with those geometries is also ever expanding.

JFR: Now for the tricky question: knowing that there is an almost infinite possibilities
of folding patterns, how do you evaluate and judge the pattern that you will finally

use? Is the function / use of the form a crucial characteristic for analysis?

JL: ' wish | could give you the kind of reassuring answer that will help you not to be
lost but I am not sure that it will do that... | think you are touching on two questions
that are actually really fundamental with all this stuff. One of which we started to
chat briefly about which is the question of language. So if to me folding is a kind of
language, that when you are learning it you are trying to expand repertoires, you are
trying to increase the vocabulary, you are trying to read and consume, you are trying
to put nonsensical sentences together that might provoke possibilities. Those are
the things that you are doing when learning a language and the language of folding
is no different in that regard; and so, in order to qualify good language just like you
would qualify good folding, or to make judgments on it, to choose one or the other,
it almost requires already that you are good enough at it to say: «this sentence is a
good one and this sentence is not, this problem is a good one and this problem is
not». That is not going to be a satisfying answer for you because it is super loose in
certain sense but | am kind of insistent that it is a language and you just can get

better at reading its possibilities and as such speaking it and then deciding when you
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are done writing that sentence or when you are done with that kind of object. That is

one answer and | do not think it is a very good one, right?

The second one is not an answer at all but just to say that this is a problem that we
are encountering in architecture in all realms right now. You are in a moment where |
would call it «the moment of computational adolescence» right, where the tools we
are using are producing just an enormous set of possibilities, constantly turning out
an abundant matrix of things. Everything we design these days we design
parametrically and as such we do not design a thing, we design a thousand things;
and we have to choose the one thing among the categories that we produce. That
problem then of categorizing, qualifying, choosing among possibilities, is just the
current of architectural problem. It is the problem that you are faced with at this
moment because the tools are getting ahead of us in terms of the kind of
categorization and qualification they required. It is a situation my students
encounter all the time; | have to lean on kind of longer standing precedents that
allow us to characterize and qualify. Some of those precedents are architectural
precedents, some of those are rules of geometry that have a long-standing
discourse around them, right, like you know you can characterize and qualify rule
surfaces and other kinds of surfaces. So the kind of geometries that are just blobs
and cannot be qualified tend to be the ones that are less productive for architectural
purposes. So the answer to the question, in part, is that you have to lean on other

things, right, other precedents, other histories, other discourses.

The third answer that | will give, and maybe the only one that is going to be helpful
for you today, is to know that you have to impose your own set of qualifiers that are
going to limit the range of possibilities for you, right, like you have to set up your
own criteria. One of your criteria, which you have already said, is maybe proportion.
If | were in your position right now, | would look at the shelter not as an object that
needs to be folded but as an object that needs to be occupied. And | would draw five
diagrams of people living in that, so that you start to get shapes and geometries of

behavior that you want to imagine inside this thing. Like, what happens in one of
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these shelters, once you fold it what are the things that need to fit it there, etc. It is

exactly the same operations that | would use to deal with the design of a bedroom!

JFR: Itis quite interesting because | have been so focused on the material, on the
shell itself, that | have forgot to examine how to use the shelter, what would go on

inside!

JL: I would draw sectional diagrams showing occupation in five different conditions
and then you have to build your shell around those occupations in some way. And
that is the key position of criteria that are then not just about the folding. If you are
only ever dealing with the folding then the enterprise can get infinite: you can get
interested with other new folds, and there are a millions out there, you will keep
playing with proportions as a folding problem, all those matters, but, there are only
going to be limited for you if you have other criteria already imposed. So | think the
occupy-ability criteria would be suggestion number one for me. The other
possibilities | think are the things you might already be confronting, which are:
budget limitations, tooling limitations and material limitations (this one | know you
are already dealing with). But any one of those other sets of constraints are going to
take this infinite morpho-space of possibilities and at least bracket a couple of zones
for you that are going to be a little bit more useful. That is | think it, those are the

only answers | can give to that query.

JFR: Well thank you for that insight. It is ironic that | have been thinking about this
folding system for quite a long time and never thought about how it would be used

inside.
JL: Yes, is not that funny?
JFR: It is. And my background is architecture; my background is not industrial design!

JL: 1 can understand though. You have your head so close to the thing;it's hard to
step back. What you need is a critic on occasion to come by. | need this too, | need

feedback all the time when | am working on something and | get too narrowly
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focused on a kind of particular bandwidth of a problem.

JFR: Obviously | am also researching the theory of folding and not just the practical,
more material aspect of it. The main literature | have found on the subject is the
monograph Folding in Architecture. Was that book a base for you in the beginning of

your work?

JL: No, I did not even know it existed! | think so many architects have missed the
mark on folding, right, totally miss the mark, like some people talk about folding in
the sense where they fold floor plates to the wall to the ceiling. | find that just to be

a really bad analogy and | am just super disinterested.

My take comes from an inherently tectonic place, a place that comes from questions
of fabrication. If | had to define what | am trying to be up to, it is not necessarily
about folding. Folding is one avenue that | do, but what I really want to do is expand
the set of production possibilities available to architecture. All my agenda comes
from that particular focus, and so | look at folding as actually an untapped region
within the potential to increase productive possibilities in architecture; and
fabrication and construction, actually literally construction possibilities in
architecture. And so all the precedents that were out there already had very little to
do with what | am interested in. But you know, the literature set has gotten a little
bit better; I am clearly of a generation which is invested in installation projects,
material experimentations, and all those are actually a little bit more relevant now.
Those are the ones that | think are a little bit closer to the stuff that | am paying
attention to. If you would be looking at my bookshelf, you would see books on
digital fabrication questions, installation projects that have been out there; and a lot
of those have folding as kind of a piece of their puzzle, so that is actually more the
realm. So | would say there are things now that | might say are pretty interesting but
the so-called folding conversation of the past | am just totally disinterested in. The
Deleuze-Guattari take on folding is super interesting but it has nothing to do with

actual folding! It is a proxy for other very interesting ideas but not for folding.
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JFR: You are right; when | looked into that book, | realized that they were talking
about folding concepts, parameters, but not about folding material. In a sense,
would it be fair to say that your theoretical research is sort of embedded in your

more hands-on folding research? That they go hand-in-hand?

JL: Yes, for some of it. But | am doing other researches, other sheet research, and
not all of it is folding. Some of it is sheet intersection. | am doing an inflation project
right now that uses the sheet but then inflates it. But yes certainly folding is a big
chunk of the kind of research that | am up to right now. And the hands-on part of
that is key.

JFR: Can you say something about the role of digital versus analogue production?
How does the back and forth between analogue and digital design influencing the

process and the end-result? Is there a dialogue between those two?

JL: Yes, there has to be because the moment we are at computationally it doesn't
allow the materialization and the material intelligence to be embedded in how we
model. Like I said, | think the folding is inherently material in some ways; the
geometry of development and the geometry of folding is a pure enterprise. |
understand that, so when | model things digitally | have at least already some
materiality embedded in it. But all the real problems of materiality aren't embedded
in that: the kind of hinging, the amount of curvature which is possible, the thickness
of the material, etc. And so, there has to be a back and forth, right, you have to
model very intelligently three dimensionally and digitally, but then you have to make
it of paper first and then go back, then you have to make it with enough material
thickness and then go back. The generic answer is, of course, there is a constant back
and forth between those two things. But | do want to qualify that ever so slightly by
saying that because folding is already embedded with some material thinking and
logic, then the digital modelling itself does have some material intelligence built in.
It's just not as much as maybe the end game would be for me, right? So | am trying to
get slightly more sophisticated computer models that at least can imagine, not all

the things - thickness is very, very hard - but maximum and minimum bending radii
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for various materials can be embedded in the thinking, right, so you know that
plywood doesn't bend that much but thin aluminum can bend very, very easily. And
so, because that is a kind of pure, actually relatively simple sort of computational
constant, it is quite easy to embed that thinking into the three-dimensional
modelling realm before you even have to physicalize it. So you can start to get more
and more there, shove more in the digital process because things are so much more
applicable still in the digital process, that is its benefit. But in the end you have to
make it, right, to have to build things.

JFR: Can you tell me what type of software you use when you do your digital tests?

JL: Well for now, because | also teach, and pedagogy and teaching are so important
to how I work, | use platforms that are ubiquitous platforms that my students would
be using. | do not want to use anything too specialized about folding because it
could mean that my students cannot take it on. 1 do not want to be using things that
are inaccessible to people that | work with. So the platform that | use is Rhino, with,

of course, the Grasshopper and Kangaroo plug-ins that are connected to it.
JFR: I think that sums it up pretty much, those were my questions. Thank you, Joel.

JL:1am happy to help and I am interested in what you are up to and | would
definitely like to see it progress. So shoot me email if you want a little bit of
feedback and hopefully | will be able to throw a couple of sentences your way here

and there.
JFR: Ok, it is very much appreciated. Thank you and talk to you soon.

JL: Ok, bye.
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