CRAFT AND THE COMPUTER
Theory and Practice

WIT Crzsigm Computation Leckure Series
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Indrodusckar: Crafi & Industry

Craft
v Pracucts are never [dentical
* Adariations are unpredictable

*  Complexity is unplanned

Industry
*  Predictable output through
mechanical operations

=  Complexity can be designed
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Intraduction: Craft & Industrs

Industrial processes ars

*  Efficient only at high
valumes

*  Reguired & mass consumer

culture to suppor ther,
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Indrodusckar: Crafi & Industry

Industrial proccsses eguire
= Input materials with

predictable properries

Surh materials are
*  Maturally rare
= Heouine estensive

processing

IThis makes industrial pricesses
*  Emergy infensive

=  Resource inleosive
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Intreduction: Camext

“Discussions about sustainability in the
globalising world have also been pre-
empted by high technology;
consequently, craft, or the new craft of
architecture (especially in the West),
builds on the idea of the complete
disappearance of traditional skills. In
India’s context, craft is a continuous

and living tradition.”

Rahul Meheotra, “archifeciure In lndia Sinoe 1990% 2011, p. 203

Imiroductisn: The Rale of the Computar I

Diigital fabrication allowers
*  [he same machine to
procduce varied owtputs

*  High precision

Digital design and digital

fabrication allow architects to

*  Design non-standand
building forms

+  labricate non-standard
bullding components

= Minimize in-situ fabrication




Imtredustion: The Fale of the Computer

The ability to produce variation

through digital design and

digital fabrication has elicited

=  Comparisons with craft
processes

+  Comparlsons between
craftspersons and designers
wsing digilal desipr: and

cligital fabricatinn tonls.
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Framawark

= Duesigne Allribaules: deline &
clesign

*  Product Attributes: descrihe
a finished product

*  Raw Attributes: characterize

raw materials

oal:
= To convert Raw Attributes

Into Product Attrlbutes
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Framewark

= [Design Attributes: define 2
design

*  Procuct Attributes: describe
a linished product

wdhaw Attributes: characterize

rave miaterials

)
zoal: I\ _J

+ To convert Raw Attrlbutes

into Product Attributes 5

Framework

= Duesigne Allribaules: deline &
clesign

*  Product Attributes: descrihe
a finished product

*  Raw Attributes: characterize

raw materials

oal:
= To convert Raw Attributes
Into Product Attrlbutes




Framewark

Design Attributes: define 2
design

Procuct Attributes: describe
a linished product

fLawe artributes: characterize

rave miaterials

oal;
+ To convert Raw Attrlbutes

into Product Attributes

Framework

Malural smalerials hawe

= Pradictable properties

+  lUnpredictable properties
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Framewark

Scientific Proresses give
indirect knowledge of
predictable materdal properties,
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Framawark

Scienbific Movesses e
Indlrect knowledge of

predictable materal properfiss.
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Framewark

Scientific Proresses give
indirect knowledge of
predictable materdal properties,
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Framewark

Scientific Proresses give

indirect knowledge of
predictable materdal properties,

Unpredicted material properties

rasult in

= Unforeseen desipn
CONsequences

+  Incorrect results of

mechanical processes

Mlgalcs

Meral yeklsupng

Framework

Errors are caused by
= [esign flows
«  Merhanical flaws

« material flaws

Adapted freme Papanikalbou, Timitnge,
|20CE]. Achiowde aroccss michihanalogy
Jemsn i p ke A i i nan
Produstion Spsdhens for planar gas assembies
uwieey et unspay i Spaten Dpnirne.
|Thesis, Aassachissss instiurac?

T=ctinnlugyd,

Py Abniriis

Mnlarai
]l

Pirmrm

P

A

A

! Wlalars
gLt L

o)

. g

P =
s
-
.L.-
- is p .
N ———
il
ild




Framewark

Error correction:
» RE'-[}I'CIIJ uce

* He-design

Framawark

Errar correclion:
= e design

+  Re prodoce
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Framewark

Gensrative design produces

* Many design solutions

Framawark

Goncralive desisn producoes

* Many design solutions
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Framewark

Gensrative design produces

* Many design solutions

Rapid Protolyping (RP] enables

s Seamiess transition from
digltal to physlcal

= Evaluation of physical

proluly pos
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Framewark

Gensrative design produces

* Many design solutions

Rapid Protolyping (RP] enables

* Heamiess fransition from
digltal to physlcal

= Evaluation of physical

proluly pos

Framawark

Goncralive desisn producoes

* Many design solutions

Rapid Prototyping (RP] enables

= Seamliess transition from
digital to physical

* Evaluation of physical
prototypes

CAL CARM manufacturing allowes,
+ 2roduction of non-standard
cumiponcnly

* High tolerances
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Framewark

+  Correlatinon between the
prototypes and the product
reqguires materlials with
predictable properties

+  Only highly processed
materlals can be uzed, fx
plywoud, plaslics and reclals

=  Unpredictability leads to

ernar
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Framewark

Design in craft
* s not explicit
*  Does not simulate the

procuct betore production

Framawark

Deasign i crall

= 5 not explich

*  Does not simulate the
product before production

= Absorbs Unpredicted

Attributes in materials
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Framewark

Design in craft

* s not explicit

*  Does not simulate the
procuct betore production

+  Absorbs Unpredicted
Artributes in materals

=  Absorbs Unpredicted

Allribules in production

Framawark

Deasign i crall

= 5 not explich

*  Does not simulate the
product before production

= Absorbs Unpredicted
Artributes in materials

*  Absorbs Unpredicted
artriputes in productlan

= Incrementally bring Lhe

pracuct o it final farm




Framewark

Design in craft

* s not explicit

*  Does not simulate the
procuct betore production

«  Absarbs Unpredicted
Aftributes in materals

=  Absorbs Unpredicted

i R R RN T TN RN

Allribules in production
* Imcrementally bring the

proguct Lo its Tinzl farm

Framawark

Dasign i crall

= 5 not explich

*  Does not simulate the
orocuct before oroduction

= Absorbs Unpredicted
Attributes in materials

*  Absorbs Unpredicted
artributes in production

= Incrementally bring Lhe

nracduct to irs final form




Framewark

Design in craft

-

s not explicit

Does not simulate the
procuct betore production
Abzsarbs Unpredicted
attributes in materals
Absorbs Unpredicted
Allribules in production
Incrementally biring the

praduct Lo its final farm

Framawark

Deasign i crall

in not explicht

Does not simulate the
product before production
Absorbs Unpredicted
Artributes in materials
Absorbs Unpredicted
artriputes in productlan
Imcrementally bring Lhe

pracuct o it final farm




Framewark

Design in craft

s not explicit

Does not simulate the
procuct betore production
Absorbs Unpredicted
Artributes in materals
Absorbs Unpredicted
Allribules in production
Incrementally biring the

praduct Lo its final farm

Framawark

Deasign i crall

in not explicht

Does not simulate the
product before production
Absorbs Unpredicted
Artributes in materials
Absorbs Unpredicted
artriputes in productlan
Imcrementally bring Lhe

pracuct o it final farm




Framewark

Craft invnlees “workmanship of

risk”

Error in crafl poours

When an Unpredicted

Attribute can not be

incorpomted inlo Lhe desipn

Dwring desipn mol

procduction

Framawark

Skills minimize

unpredictability in craft

Py




Framewark

Skills minimize
unpredictability in craft
Technology is a repeatable

sacial and malerizl process
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Framewark

Skills minimize
unpredictability in craft
Technology is a repeatable
sacial and malerizl process
Hakitus forms the soclal
basls for the physlical

movements ol crallspersans

Framawark

Skills minimize
unpredictability in craft
Technology i= o repeatable
sacial and material process
Habitus forms the social
basiz for the physical
movements of craffspersons
incoraerating
unprediclabilily reguires

creativlty




Framewark

Skills minimize
unpredictability in craft
Technology is a repeatable
sacial and malerizl process
Habitus forms the seclal
basls for the physlical
movements ol crallspersans
InLonporaling
unpredictahility recuires
creativity

Technodagy covelops from

leaming

Framawark

Skills minimize
unpredictability in craft
Technology i= o repeatable

sacial and material process
Habitus forms the social
basiz for the physical
movements of craffspersons
Incoracrating
unprediclabilily reguires
creativlty

Technology develops from
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Framewark

Skills minimize
unpredictability in craft
Technology is a repeatable
sacial and malerizl process
Habitus forms the soclal
basls for the physlical
movements ol crallspersans
InLonporaling
unpredictahility recuires
creativity

Technodagy covelops from

leaming

Prajects: Paramatric Pawilllons

Paramatrc family ul
Fyperholic parabalnid hassd

bamboo pavillons




Prajects: Parametric Pavillions

Parametric family of
hyperbolic paraboloid-based
bamboo pavilions

Prajects: Parametric Pawillicns

Paramatric family ul

Fyperholic parabalnid hassd
bamboo pavillons




Projects: Parametric Pavillions |

Geomstry used bo negotiate
digital design with manual
fabrication

Prajects: Parametric Pawillicns

Thi ruled surface crnablod
the 5= nf stralght members

T produce cureatire




Prajects: Parametric Pavillions

The construction drawings
far the pavilion included

linear dimenslons only

Prajects: Paramatric Pawilllons

The conslruclivn drawings
for the pavilion includad

limear dimenzlons anly
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Prajects: Farametric Pavillions

The digital design produces
lim@ar measurarmants
Linear measurements from
ths digital design informs
the craft

Irangs.

shizcstoplr=117R

Prajects: Paramatric Pawilllons

The crallspreans

Megotiated unpredictable
variations in materials and
bullding processes

Adhersd as closely as
possible to digitally derived

linear dimenslons

o




Prajects: Farametric Pavillions

The craftspersons

¢ Megotiated unpredictable
variations in materals and
building processes

v Adhersd 3 closely as
prssible 1o digitally derved

limear dimensions

Prajects: Paramatric Pawilllons

The crallspreans

*  pMegotiated unpredictable
variations in materials and
bullding processes

= Adhered as closely as
possible to digitally derived

linear dimenslons




Frojects: Salar Cooker

The reflector can he
customized bassd on

»  Geographical location
= Orientation

lime of use

Limear dimensions =pocily Lhe

s,

The matarials uscd are

*  Bamboo
*  Twine

* Hessian
* Mud

= Broken mirror

Prajects: Hact Roof

=  Explores 4 greater role for
generative declgn in
infarming rraft

*  Digitally cerived lrear
measurements to guide a
weaving based craft process

*  Not limited to rubed

surfaces




Prajests: Nest Roof

The flexibility of linsar
materials is usad to produce

cUrsature,

Prajects: Hact Roof

Aonetwork o inbersccling linear
members roduces a2 eunved

surface.




Prajects: Nest Roof

*  The roof is a form-found
compressive shell that forms
a double curved surface

*  The network of surface
paths with minlmum
curvature is faund

= They die wowen wilh half-
split bamboo mcmboens

maximum stremgth

Prajects: Hact Roof

Aosegquence ol linear
measurements specify the

WEIVIng.




Prajests: Nest Roof

& sequence of limear
mieasurements specify the

WEAVINEG.
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Aosegquence ol linear
measurements specify the

wWeaving.
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& sequence of limear
mieasurements specify the
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Prajests: Nest Roof

& sequence of limear
mieasurements specify the

WEAVINEG.

Prajects: Hact Roof

Aosegquence ol linear
measurements specify the

wWeaving.




Prajects: Nest Roof

The prospective construction
teaim bt a scale madel of the

ract using the linear dimensicns

Prajects: Hact Roof

The prospeLlive consbiuclion
team huilt o scale madel of the

roof using the lingar dimensinns




Prajects: Nest Roof

The prospective construction
teaim bt a scale madel of the

ract using the linear dimensicns

Prajects: Hact Roof

The prospeLlive consbiuclion
team huilt o scale madel of the

roof using the lingar dimensinns




Prajects: Nest Roof

The prospective construction
team built a scale model af the

ract using the linear dimensicns

Prajects: dnalyele




Prajects: Analysis

L

Predictable properties of
the materials inform the

digital design

Prajects: dnalyele

Predictable propeilics vl

the materials inform the
digital deign
The digital design produces

limear measurements




Prajects: Analysis

Predictable properties of
the materials inform the
digital design

The digital design produces
linear measuraments
Linear measurements from
Lhe: digital design informs

tha craft

Prajects: dnalyele

Thi design process moees
beyond the iterative lonp af
craft allnwing the planning
of complexity

The ability to negotiate
Unpredictable Attributes

through craft is maintained




Prajects: Analysis

= The Digital Design Process is
not informed by
Unpredicted attributes

=  The Digital Design Process
does not contribute to

Habltus | nemiation

Projecis: Kuitl-Purpoes Hall

Suspanded barmboo hyperbolic

paraholoid criling
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Prajects: Multi-Furpese Hall

Limear dimensions specify the

hyperkaolic paraboloid

Projecis: Kuitl-Purpoes Hall

The Lechnalogy of Lhe crall

fnes not inclucde:

*  The ruled surface genmetry
af the hyperbolic paraboloid

= Structurally suspending

abjects from the roof




Projects: Muli-Furpose Hall

=  The trabeated system of the
Parametric Pavilicns 15
famillar to the craftspersons

= The geometry of ruled
surfaces emerges from the

trabheated constructinn

Projecis: Kuitl-Purpoes Hall

The Lechnalogy of Lhe crall

fnes not inclucde:

*  The ruled surface geometry
af the hyperbolic paraboloid

= Structurally suspending

abjects from the roof




Experimen

The Digital Design Process is
informed by Unpredicted
Attributes

Exparimant

Unpredicted Attributes do
not feedback inta the Digital

Nesign Process

ThE D HI D 0 Proess -5 —abianias H"-I_-.-:-:IJ‘.-:.I ........ -
igi sig ! i

niot a part of the iterative
Ioop of craft

The Digital Design Process
may indirectly contribute to

Habkitus Fuimalion




Thear=tical peculation

The technology of [10OF is
not inherently limited to
the DDF system of design
and fabrication

Dt is able to generate non-
standard warlatlon

Car: DOF luals b rnade o
incorpoRte unpredicted
wariation?

Planning and incorporating
complaxity can acour within
the iterative loop

DOF tools can influence

Habltus

Theareticad Spaculacion

Thi technology ol DDF i
not Inherenthy limited to
the DOF system of design
ani fabrication

DOF is able to generate mon-
standard variation

Can DDF togls be made to
incorporate unpredicted
variation?

Planning and Incorporating
complextty com aorur within
the iterative loop

DDF Leals can influance

Habitus




Thearstical Speculaticn

Craftspersons may he
predicting the results of
camputaticnally unpredictable
processes by executing those

process

Theareticad Spaculacion

Czan hzabilus be avlormabed?
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Experimen

CHC friction it with iregular,

unpredicted forms

Exparimant

Anounpredicted fonm was
Integrated into the digital

design procgss
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Experiment

An unpredicted form was
integrated into the digital

design process




