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Body Building: 
Tangible Made Digital Made Tangible 

LISA IWAMOTO 
University of California, Berkeley 

The  two courses described here. Fubricatmg bpace and 7'llich 
S k i ~ ~ n e d .  taught at the 1 nkersity of California Berkelej in the 
fall semester 2002 and this fall 2003 respectikely. explore 
relationships among the  bod!. digital design arid malting. Tliep 
combine in~estigations of perceptual and spatial effects with 
digital modeling processes and full scale C h C  fabrication. 
focusing in particular on hov ne\+ media practices forge 
alternati~e methods to represent and construct corporeal and 
senhorial experience. 

tion. Clearlj. tlle ~ i r tua l  is not phjsical. Ho~e1t . r .  as architects 
engage computerized input and output technologies. opportuni- 
ties arise for greater confluence and specificity between the 
embodied material \+odd and architectural space. These 
seminars invite speculation on Frederick IGelser's \ision for an 
architecture ripe with reference to a perceking huniariist 
sul~ject. and explore methods to capture. represent. and 
construct this spare. pedagogic all^. the tangibility and ax ailabil- 
it1 of the body supplies a literal and direct means for students to 
connect digital data to physical space. It not on14 offers xaluable 
and inescapable geometries that both push and drau upon ChC 
technoloo's abilitj to generate supple form. experientiall!. it 
also affords investigation and critique of something common 
and familiar. 

The seminar programs question 1 1 0 ~  dailj experience is 
mediated b! for~n.  space. and environment. The installations 
are built full scale. and the immediac~ of the uorli is made 
especiall! pronounced bq the phpsical intirnac! and srnall size 
of tlle projects The tno se~nesters emplo! inlerted methods of 
design - one additile. malting an object in a space: the  other 
subtl.acti~ e. mahing space in an object. This in1 ersion del el- 
oped both out of ph!sical necessitj. in the second sernester the 
projects needed to be freestanding. as nell as out of the  debire 
to directl! engage the  bod^ as spatial form-maker. 

Irchitertuie ~ontinuall j  informs. and is informed bl it* modes 
of reple~rntatiori. perhapi neler more so than no\+ nhere 
digital media is iapidl! expanding \+hat u e  t onceile to be 
form all^. >patiall!. and materiall~ possible. The increase in the 
use ot thp (~omputer has. on the one hand. led to the claim that 
the hod! 16 becoming e\erniore distant to architectural produc- 

5 hile pursuing iuch ph\sical and phenomenological condi- 
tiom, students explore the relationship of digital design to 
rnal&g. C l D / C  411 practices suggest the pot~ntial  to narrou 
the gap between repiesentation and building. affording a 
h~potheticall j  qearn1e.s connection betmeen design a n d  ron- 
struction. 4b \+ith an! design process. homeker. there are 
inrariabl~ gaps in the arena betlieen scales and modes of 
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piodut tion - for cxa~nple. l ~ e t ~ \ e e n  rapid prototjping and full 
wale mo~ltup.  searnless forin and flleet inatcrial. coinputel 
niodcl and spatial. material oi pl~enoinenological effect. The 
final outcomes of the project5 hinge on their abilit! to lecoiicile 
the de~elopmental shifts in inateiial and ~ o r l i i n g  rnetliod. 
To\\ aid< this end. the couises \\ere in part t onatruc ted around 
exploring these gaps. and  introducing students to new tool. and 
technologies a\ailahle in the area. 

Student in rnotiou capture suit. 

W-hile the Department of Architecture does not presentl! have a 
CAD/CAV Laboratoq. this absence led to fortuitous interac- 
tions with other department< and organizations on campus. 
such as the Department of Mechanical Engineering, and 
Lavrence Berlielej hational Laboratorj (LBYL).' Extensk e 
research is currentlj being conducted using rapid prototyping 
equipment at the Integrated ?lanufacturing Lab (IZIL) in the  
ME Department. Similarlj. the Design and Engineering Shop at 
LBhL builds state of the  art parts arid machinerj. and has a 
last  arra! of computer numeric controlled instrumentation. One 
great adlantage of working nith these labs is haxing the  

1 L 1 

a1 e ahlr to ~c-011 e issue- student.. encounteied using specific 
t! pvi 01 mdtc~~al i .  and i ei oninlend appi opiate cutting tech- 
nique~. Both the lRIL arid L B l L  donated iliop time and lahoi 
to the clasi. The time is extremel! limited. hovr\er. efprciall! 
at LBIL. requiiing each gioup to teat arid i e t e~ t  theii uorl, 
prioi to full -tale \\dtcljet cutting. Thii foiethought. the 
pietiiion affolded I n  tlan~lating information digitall\. and the 
specificit! \\it11 uhich thc sites are iriitiall! documerited. later 
facilitated rapid on-site installation. 

T h c h  hh-mized f o l l o ~ s  a similar course structure as this 
pre\ ioub class. HOT* ex er. it pursues conceptual ideas dm eloped 
in the first semester more aggressi~ elj  arid literallj . here 
Fabricating S l ~ u c ~  began with digitallj modeling the site, this 
course begin* \\ith digitallj modeling the bod!. The class 
emplojed neu input technologies to more closel! and directly 
map the human form. These include laser scanning and motion - 
capture technologies that ha\ e the abilitj to track and represent 
highl! specific phlsical data otherwise nearl! impossible to 
collect. This data pro\ ides critical base information from which 
to drav upon in the designs. 

The design process is structured around a sul~tracti\e space 
maliing procedure. Students use the  digital data to model -hody 
templates". That is. digitallj generated volunies formed b! maps 
of the bodj that are used to carve (boolean) out of a specified 
kolume. These negatile spaces form ph!sicall! or ~ i s u a l l j  
occupiable spaces. For this project. t he  volume is defined as a 3' 
deep x 5' wide x 8- high rectangle. T h e  outer dinlensions reflect 
the bize of common sheet building materials. as \+ell as a l l o ~  
sufficient space to create an inhabitable interior. 

Lastl!. it was an intention to h a ~ e  students ~ o r k  ~ \ i t h  relatixely 
con\ entional building materials. not  onl! to acltnonledge 
restraints imposed by the more consernti \  e and slover mo\ing 
conbtruction industrj. hut to also tackle issues of detail and 
asaernbl!. The projects dell e into relationships bet\\ een contin- 
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Find cor~ymtrr.  ruodrl. L U I ~ P ~ P ~  cutt ing t e n ~ p l u t ~ .  detail mock-ups 

F i n a l  Spiral i ~ r r f a w  iizstrrllntion. 

uous  form and constructiIe articulation using pieces cut from structure. These investigations iniorrn the constructi\e sensibil- 
standard t\+o dimensional sheet stocli. it1 of the full scale design projects described below. 

Aggregation and accumulation are tern15 not commonl! used in 
connection to construction industr!. though the  actual assernbl! 
of buildings relies almost exclusi\el! on these techniques - 
asphalt shingles. board siding. hard\tood flooring. \inyl tile. 

wood framing. essentiallj an! mass produced i te~n used in 
repetition to rieate a larger surface. are the    no st conmlon 
means of nlaliing enclosure. Computer fabrication a h + s  us to 
heighten and make xisihle the nature of this accretion through 
repetition and diffeience. Like the surreal ohse+ion nith 
accumulation. the intensitj of material aiticulation that 
CAD/C111 pieoents has the capacitj to relate bath to the 
I ieu ing sulject on a T i-ceral l e ~  el. 1 latent thenie underscol ing 
the  walk is to tap into such a direct rrsponse. one aioused b! 
the  intricarj of manufacture and laboi. vide still enlplo!ing an 
economj of means. The tension l ~ e t ~ r e n  smootli surface and 
assembl! ia partiall! rrxealed in the projects thiough the 
conflation oi ieparation of structure and skin. Returning back 
to t h e  bodJ. students consider analogous relationship betuern 
hod1 and building - for example. skin and surface. sbeleton arid 

PROJECT BRIEFS: 

Fabl-icatmg Space relohed around semester long project t o  
design a threshold. Though sirnple in conception. the project 
foregrounds making a spatial intenention, one that distinctly 
addresses the specifics of site and the relationship to the bod). 
Experientially. the  idea of threshold invo l~es  constructing a 
dialogue between two contrasting conditions - aboxe and be- 
lo\+. light and dark. in and out. 

Students morli in teams of tun  and three to design. fahi ra te .  
and install their projects. The! began h j  choosing. s u r ~ e ~ i n g  
and modeling their site. The site therefole Iwrame the first 
physical and digital artifact for the project. pro~iding r e s i~ tan re  
to each subsequent design decision. The! gained an intimate 
dimensional uriderstandirip of the site in ielation to their bodies 
through this piocess. Follovirig. \+ark alternated back and forth 
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between ph!sical and digital production. The designs begin 
conceptuall~. much like in a n j  studio project. Both three 
dimensional prints and hand-made models are used to stud! 
auccessi~e iterations. Small. honlogeneous models are made 
using rapid prototyping equip~nent  to stud\ o-cerall form. 
Simultaneousl!. students conduct material in\ estigations. and 
malce full scale detail mock-ups to inxestigate constructabilitj. 
This process later supports translating the  digital information 
into full scale. The projects - Spiral Sulfate. Ceiling Aura. and 
Lofted lfesh - are described on the following pages. 

The program a s h  the students to house the bodj within the 
volume in at least t\\o ways. One ph!sicall!: sitting / leaning / 
lounging / standing / etc. The other phenomenologicallj: 
through sight / moxement / tempelature / touch / etc. The 
students d e r i ~  e their initial volumetric templates based on ideas 
dexeloped around these two aims. Overlaid on these first 
criteria. is also the requirement that the tuo  loids intersect to 
form a third space. or 'double negative'. This constraint 
dexeloped around the desire to heighten the perceptible 
presence and interconnectivitj of the subtracthe spares. The 
double nega t i~e  explores how tuo absences can make a 

positixe.' In this rase. absences formed b! ph!sical and 
experiential criteria. This design process is illustrated here 
through t ~ o  projects from this semester - Skinned Surface and 
Motion Map. 

PROJECTS: FABRICATING SPACE 

Spiral Suface de-celops threshold as an extended space that 
frames passage of the bodj as it descends t h e  small staircase. 
Students saw this mmement  as a spiral progression reflecting 
the  layout of the existing stair. The design is also irispired b j  
two earl) conceptual images - Durhamp's \ude Descmduzg a 
Staircase. and a photograph of the cross section of a spiral shell. 

Ear l j  computer models describe the project as d group of 
intersecting. arced planes. forming a partial ~ o l u m e  that \\raps 
t h e  occupiable space of t he  stair. One desired qualitj u a s  to 
deny structural hierarch!. and elexate the  role of surface as 
spacemaker. The sculptural arced pieces transformed into a 
series of interlocking members that s!stematirall! joined the 
planes together. A contemporarj precedent shonn in class. 
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Fmal (xiling Aura. 

SHOP'S 'Dunescape" at PS1. serled as a laluable precedent fol 
the construction of this project. Students nere. ho~+e\er .  
encouraged to rethink the constructite technique. and furtliel 
dekelop the  idea of aggregated parallel sticlrs. Thev decided to 
concentrate on the method of connection. which in turn 
transformed the 01 era11 form. 

The intersections are designed to form fluid creases that 
highlight the  continuitj of line and surface. The joint is made 
from polid. laminated pljwood while the rest of the  project is 
cut from clear Lexan. This material distinction articulates the 
legihilit:, of the crease both from ahole and from within the 
threshold space. 

Ceiling 4ura explores the notion of threshold as ceiling in the 
other small .shortcut' stairnell of Ti urster Hall. Lihe Spiral 
Surface. this project attempts to embod! moxement. In addi- 
tion. it addresses the transmission ot light fi-om a sk!light 
located aho le  the second floor stair landing. 

This group worked intimatel! with the dimensional constraints 
imposed bv standard doors and the human body. T h e  design i q  

a permutated ~ o l u m e  d e r i ~ e d  from  hat the students termed 
the -threshold aura" of a person tra~eling up the  stair. They 
began b! modeling a simple \ o h m e  that filled the space 
het\\een the standard door height of 6'-8" above the  first floor 
and the second floor. From this. a \tarred surface wab created 
bg deforming the exterior surfaces along the path of traxel 
based on the 'aura' of a person and the 6'-8" dimension. To 
emphasize the floating qualit:, of the ceiling. the project uses an 
existing railing to cantilever from the second floor. and - - 
suspends the \olurne belo\\. The students employed a ribbed 
waffle frame~$orli for this structural purpose. as well as to 
accommodate the geometric complex it^ of the bolume. 

The ceiling surface itself is designed as a light transmitting 
fabric shell. It is sewn together from pieces cut from a template 
made fiom the deleloped sudace of the exterior. The project 
acts as a hozering shroud into ~ { h i c h  one enters \ \hen moving 
along the stair. 

Lofred Meslz considers the  idea of threshold at sex era1 l e ~  els. It 
forms a light threshold h e t ~ e e n  the wind014 and the  dark space 
of the stairwell. It also acts ae a threshold to a neu semi- 
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enclosed space under the existing landing. and introduces 
perceptual and perspectival depth into thii confined corner. 
The design is inspired by an interest in projected light raxs 
entering one of the t\\o w i n d o ~ s .  The  students modeled lines 
indicating sun angles at different times of >ear and daj. 
inscribing them in the space. T h e  spare itself is located at a 
juncture in the fire stair that joins the tno different building 
geometries. This particular configuration affords a srnall area 
under one of the stairs outside the  path of egress. This became 
the project site. The projected geometries are extrapolated to 
extend across this area. and subsequentl! adjusted to d r a ~  upon 
existing and projected site edges. such ac the nindon edge and 
that of the stair landing. 

Construction proceeded along a similar path. Fornializing the 
idea of light rajs. the student3 deleloped a sjstem of structure 
and skin that reiterates the geornetq of the projected lines. and 
creates a niesli-like surface that both screens and reflects the 

sun. T h e  lofted form ib expressed through the  conlergirig 
shingle pattern of ~ a t e r j e t  cut aluminum sheets. The  project 
creates an illusiori of lisual depth  hen seen f r o ~ n  the staiis 
helou. and contrary to the initial emphasis on sun lines and 
angles. produces a shimmering. indirect light i n  the  stairvell 
space. 

PROJECTS: THICK SKIIVIVED 

shzi7?~ed S U I ~ U C P  employs laser scanning to bring together the 
I d !  and  the enlironment. The project is thought of as a 
continuous sliirl that deforms to acrornmodate the  bod!. arid 
l i ens  out  tonaid significant pieces of the site. T h e  scanner itaelf 
can capture physical data accuratel~ frorn as far as  fifty meters. 
arid generates a point cloud of' the physical information. 
Students used this capability to model near and distant site 
boundaries. This data was then used to develop voli~metric 
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CYR4 lusrr scan of hod~. .  

cones of vision that sculpt the  interior surface of the project. 
The scanner was also used on a more modest scale to digitall! 
capture the bodj.  This data was also used to shape the surface 
to arcommodate a ~ i e u i n g  subject. The imperatke to develop a 
.double negative' transformed in this case from one of solid and 
loid. to skin and  surface. From the exterior. the intersecting 
loids read as a n  object housed ~4ithin an implied rectilinear 
~ o l u m e .  Construction of the skin is currentlj being developed 
as a structural waffle made of plywood corered with plastic 
bheet. 

llot7on llap begins to define more preciselj and literally uha t  
s e ~ e r a l  of the Fabricat7ng S p a c ~  projects articulate from the 
prelious semester. That is. h o ~  can form frame and echo 
moaement of the  bod!? This project is generated from the 
intersection of several paths sculpted b j  the transitory positions 
of the bod! in motion. The pherio~rienological and experiential 
dimensiorl of the  assignment is interpreted here as mobement 
oler  time. The design process charts the positions of a person 
traveling along seleral paths created around the site. An 
existing collection of benches arid planters s e n e  as props on 

vhich to sit. lean. climb. and lay. and characterize the different 
nature of the paths. 

In ordei to accuratel! map the  man! hodj positions. this group 
worked nith AIOC 1P. a motion capture technolog used in the 
animation arid gaming industries. The1 simulated the ph~vaical 
attributes of the site. and recreated the paths of travel ~hhile 
\+caring a suit that locates LED's at key points of the bod! - 
feet. ltnees. hips. arma. shoulders. head. The motion capture 
softlzare tracks the LED'S and  translates them into a digital 
point cloud. The students used this data to d e r i ~ e  ~olumetr ic  
outliries of the bod! uhile in niotion. The! lofted a ~ o l u m e  
around spline< that connect the  lte) body points from one 
position to the next. This not onl j  affords a precise map of the 
body. it also directl! engages the  t e r l i n o l o ~ .  and implies a 
method of construction. 

The 3D Print belo\\ describes the literal intersection of the 
\olumetric paths. This describes the spatial and formal basis of 
the design which is currently being refined and simplified. 4s 
~ i t h  each of the previous projects. the 3D Print does not releal 
d system of construction: it is lio~nogeneoub. Howeler. the 
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3D p&tt aF mlmscr:ed ?*Itma:; 

11' grrlrratrd ~ J O L I L ~  c h i t /  p f i l  y ~ h e \ .  /o//ed both i11ot~o17 I O / U I ? I P Z .  d D  111 r l l t  o/ u ~ t ~ ~ ~ s r c t e d  I o/urwc. 
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lofted cornputel model -11;;rcqts a tecliniqric that tan tahe 
ad\ antage of the Ch(:  tet hriologie~ at hand. ~ia~nel! t~ o- 
dimensional cutting. The .tudents ale currentl! \+olliing with 
unfolding the surface into shapeb that tan he cut t ~ o  
dimensionall!. and d r \  eloping a foam btructule \\hose internal 
baffles articulate the  spliriek. the cross section of tlie xolurnes at 
the exterior face. and the intelaectiorl of the paths. Thiq project. 
and the one pre~ious .  will he built in the coming months. 

CONCLUSIOK 

Throughout both seminar processes. the technological particu- 
lars protided constraints that geared the e~olution of the  
designs. and the manner in ~ t h i c h  the! enabled or limited body- 
space manufacture. The addition of using the ne\+ input 
technologies in THICK SKI\ \ED in particular. fostered Mays 
of mapping the dynamic interpla! of the bodj with space. and 

F .  

laid t l ~ c  glound\\oll\ fol f u t u ~ e  in\ estigatiorii. I h e  I~uilt ploject, 
in FIBRIC 4Tl\G SPACE iuggclst ho\\  thc-e inr ebtiption; can 
he itleriglierietl alc.llittv-tul~ll~ 1,) mediating yhift? in Iarignagr. 
?tale and material thtoughout the de+ procebb. B! c r o w  
plliriating C 1D/C -111 pl acticer \\ ith wrnrthing I~oth  as multi- 
faceted and rnuridane a. the l~od!. student. \(ere able to engage 
rle\\ rriedia an extenfion of their own e\er!da\ expelience. In 
thi- case. the digital enabled re-coriceptualizatiori of the 
relationship of the  whject to architectural space and form. and 
challengrd the prerolicei\ed assu~rlptiorih of h t h .  


