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Bodies in Formation
the material evolution of flexible formworks

Andrew Kudless

California College of the Arts

Matsys

Borne from the complex negotiation between liquid mass and tensile constraint, flexible formwork 

castings are resonant with material energy. Hard as stone, yet visually supple and fluid, the pre-

cast architectural assemblies produced using flexible formwork techniques suggest integrative 

design strategies that acknowledge the intricate associations between form, fabrication, and 

material behavior. This tripartite synthesis between geometry, making, and performance has 

emerged as one of the central themes of contemporary architecture and engineering. Borrowing 

ideas of morphology from biology and physics, 20th century architectural innovators such 

as Antoni Gaudi and Frei Otto built a legacy of material practice that incorporated methods 

of making with material and geometric logics. The emergent effects (and affects) produced 

through these highly integrative practices serve as the basis of much of the research and design 

at Matsys. Building on the flexible formwork research of Miguel Fisac in the 1970s, the P_Wall 

series by Matsys explores the use of digital tools in the generation and fabrication of these 

bodies in formation. 
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Figure 1. D’Arcy Thompson based his research on 

studying the emergence of order in simple, non-

organic materials systems such as soap bubbles. 

He would then extrapolate how the principles 

governing these systems can be seen in more 

complex systems such as bees’ honeycombs, cells, 

and tissues. Frei Otto extended this research to the 

architectural scale at his Institute for Lightweight 

Structures. (Photo Credit: The Institute for 

Lightweight Structures)

Figure 2. The Mannheim Multihalle - Mannheim 

Germany. 1969 - Designed by Carlfried Mutschel 

and Partners’ with Atelier Warmbronn, Frei Otto, 

Ewald Bubner, and Ove Arup and Partners (Photo 

by author)

Figure 3. The Teacher Training Center, Madrid, 

Spain (1954-1957) by Miguel Fisac (Photo Credit: 

The Miguel Fisac Foundation)
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1	 Diagrams of Force

Biomimicry,  the study of  natura l  processes for  des ign insp i ra t ion,  has been a popular 

top ic in the last  decade of  contemporary arch i tectura l  des ign.  However,  one of  the 

most overshadowed concepts fundamenta l  to b iomimicry is  the importance of  phys ics 

in our  understanding of  the natura l  wor ld,  both organ ic and non-organic.  That  is , 

under ly ing every process of  format ion,  f rom the geolog ic to the b io log ic,  is  a complex 

network of  phys ica l  pr inc ip les that  gu ide the organ izat ion of  mater ia l  systems. A l though 

we of ten hear  of  the importance of  genet ic in format ion determin ing the morphogenesis 

of  l i fe  forms, these genet ic processes must  s t i l l  p lay by the ru les of  the phys ica l  wor ld. 

Put  another  way,  the sof tware (code)  s t i l l  has to run on the hardware (phys ica l  rea l i ty ) . 

In  the ear ly  20th century D’Arcy Thompson, the noted scholar  o f  mathemat ics and 

zoology,  at tempted to communicate th is  concept in  h is book On Growth and Form. 

A l though a proponent of  evo lut ionary theory,  Thompson was uneasy wi th the “b lack 

box” approach that  many then (and now) use to exp la in complex l i v ing systems. 

Thompson fe l t  that  a l though evo lut ion cer ta in ly  cont r ibuted great ly  to the morphology 

of  forms, the phys ica l  env i ronment was a more fundamenta l  factor  (Thompson 2000). 

Ph i l ip  Ba l l ,  a  contemporary sc ience wr i ter  summar izes th is  issue:

D’Arcy Thompson brought to the fore the issue of exactly how such forms come about 

through the action of physical forces. I t  just wasn’t a question of ensuring that evolut ionary 

biology obeys physical and chemical laws; he felt that these laws play a direct, causative 

role in determining the shape and form of biology. Thus he insisted that there were many 

forms in the natural world that one could, and indeed should, explain not by arguing that 

evolut ion has shaped the material that way, but as a direct consequence of the condit ions 

of growth or the forces in the environment (Bal l  2009), 12). 

Thompson deve loped th is thes is through count less examples demonst rat ing how 

s imple phys ica l  pr inc ip les such as sur face tens ion,  grav i ty,  and pressure in form the 

organ izat ion of  mat ter  both organ ic and non-organic (F igure 1) .  He argued, “ the form, 

then,  of  any por t ion of  mat ter,  whether  i t  be l i v ing or  dead, and the changes of  form 

which are apparent  in  i ts  movements and in i ts  growth,  may in a l l  cases a l ike be 

descr ibed as due to the act ion of  force.  In  shor t ,  the form of  an object  is  a d iagram 

of  forces” (Thompson 2000, 11) .  A l though some of  Thompson’s speci f ic  theor ies 

proved wrong over  t ime, h is fundamenta l  concept of  the importance of  force in the 

deve lopment of  form prov ided the conceptua l  and technica l  f ramework for  the great 

mater ia l  pract i t ioners of  20th century arch i tecture.

2	 Pract ice,  Pract ice,  Pract ice

The research and work of  these mater ia l  pract ices runs both in para l le l  and counter 

to the mainst ream Modern movement.  A l though work ing at  the same t ime and wi th 

s imi la r  mater ia ls ,  these arch i tects,  engineers,  and fabr icators res is ted the preva lent 

Ford is t  pr inc ip les in favor  of  the deve lopment of  non-standard product ion techniques 

that  sought  a h igher  in tegrat ion between form, fabr icat ion,  and mater ia l  per formance. 

Unsat is f ied wi th the Modern is t  tendencies towards mass-product ion and abst ract 

formal ism, these pract i t ioners exper imented r igorous ly  wi th new mater ia l  systems and, 

l ike Thompson, looked for  re la t ionsh ips between form and force that  cou ld be used 

product ive ly  in  the des ign and const ruct ion of  new arch i tectures. 

The members of  th is  group of  20th century mater ia l  pract i t ioners span the geographic 

and mater ia l  spect rum. In cont rast  to the emerg ing “profess iona l ”  arch i tect ,  these 

pract i t ioners were inveterate exper imenters who constant ly  engaged in the deve lopment 

of  new technica l ,  formal ,  and const ruct ive techniques. 

Br idg ing the d iv ide between arch i tect ,  engineer,  and fabr icator  due to the i r  in tens ive 

research and exper imentat ion,  many of  these pract i t ioners have become associated 

wi th par t icu lar  mater ia l  systems and techniques:  Gaudi  (masonry arches) ,  Ot to 

(pneumat ics,  cable nets,  gr idshel ls ) ,  D ieste (br ick she l ls ) ,  F isac (pre-cast  concrete 

beams and sk ins) ,  Is ler  and Candela ( th in-she l l  concrete) ,  Tor ro ja and Nerv i  ( fo lded 

concrete she l ls ) ,  e tc.  (F igure 2) .  A cent ra l  methodology to a l l  o f  these pract ices was 

computation, formation and materiality
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Figure 4. Mupag Rehabilitation Center , (1969-

1973) by Miguel Fisac (Photo Credit: The Miguel 

Fisac Foundation)

Figure 5. Centro Social de las Hermanas 

Hospitalarias, Madrid, Spain (1985-1986) by Miguel 

Fisac (Photo Credit: The Miguel Fisac Foundation)

Figure 6. Centro Cultural, Castilblanco de los 

Arroyos, Sevilla (2000) by Miguel Fisac. (Photo 

Credit: The Miguel Fisac Foundation)

Figure 7. First experiment with flexible formworks, Matsys

Fig. 4

Fig. 5

Fig. 6

Fig. 7

the use of  form-f ind ing:  an exper imenta l  process that  uses the se l f -organ izat ion of 

mater ia l  under force to d iscover  s tab le forms. The most famous example is  Gaudi ’s  use 

of  hanging cha ins to f ind opt imum curves for  h is  s tone and br ick arches.  However,  Fre i 

Ot to and others have deve loped dozens of  techniques that  a l low des igners to qu ick ly 

test  systems of  great  formal  and mater ia l  complex i ty.  A l though of ten these techniques 

are used to prototype st ructures at  a smal ler  sca le,  the fact  remains that  these forms 

emerge not  f rom abst ract  ideas,  but  f rom the in terp lay of  “ top-down” const ra in ts put 

in  p lace by the des igner  and the “bot tom-up” negot ia t ion between mater ia l  and force. 

That  is ,  there is  a synthes is between code ( the des ign parameters)  and force in the 

mater ia l  system and th is synthes is could be ca l led the craf t  o f  mater ia l  pract ice. 

3	 Risky Business

Usually far outside the model of the straight-laced professional architect, the members 

of this group were experimental craftsmen at heart. Walking the l ine between architect, 

engineer, and fabricator, they resisted the de-skil l ing of labor through mass-production 

strategies and instead developed their work through intensive material and technological 

experimentation. Like all experimental research, the work was risky and often pushed the 

l imits of material performance and craft. Through intensive experimentation, these designers 

extracted knowledge about new technologies, materials, and processes and converted this 

knowledge beyond raw engineering and into works of f ine craftsmanship and architecture. 

It is this focus on the craft of architecture that most distinguishes these designers from 

others. Without risk, there is no innovation and these designers pursued a risky practice 

that relentlessly pushed the material, technological, and formal possibil i t ies of architecture. 

The designer, thinker, and maker David Pye developed this concept of craft and risk in his 

seminal book The Nature and Art of Workmanship: 

I f  I  must  ascr ibe a  mean ing to  the word c ra f tsmansh ip ,  I  sha l l  say  as 
a  f i rs t  approx imat ion tha t  i t  means s imp ly  workmansh ip  us ing any k ind 
o f  techn ique or  appara tus,  in  wh ich the qua l i t y  o f  the resu l t  i s  not 
p redete rmined,  but  depends on the judgment ,  dex te r i t y  and care  wh ich the 



101

Figure 8. Process diagram: (from top) An image 

was made that roughly sketched areas of high or 

low density of desired constraint - The image is 

then processed by a script to convert it into the 

desired number of constraint points located within 

the required minimum and maximum allowable 

tolerances - The pattern is then divided into 30 

modules measuring 18” x 36” each - Each module 

is cast from using the specified point pattern and 

then assembled into the larger wall 

Fig. 8

maker  exerc ises as he works.  The essent ia l  idea is  tha t  the qua l i t y  o f  the 
resu l t  i s  cont inua l l y  a t  r i sk  dur ing the process o f  mak ing;  and so I  sha l l  ca l l 
th is  k ind o f  workmansh ip  ‘The workmansh ip  o f  r i sk ’ :  an uncouth  phrase,  but 
a t  leas t  descr ip t i ve  (Pye 1995,  20) .

Unl ike the dry ra t iona l i ty  o f  the mainst ream canon of  Modern is t  work,  the mater ia l 

pract ices of  the 20th century craf ted an arch i tecture that  was unset t l ing in i ts  v i ta l i ty. 

That  is ,  the work was of ten not  “cra f ted” in  the sense that  i t  was c lean,  reso lved, and 

prec ise.  Rather,  the craf t  o f  the i r  work lay in  i ts  acceptance of  r isk as an essent ia l 

byproduct  of  innovat ion and l i fe .  Columns leaned and branched, wal ls  fo lded and 

ro l led in to roofs,  sur faces bore the marks of  the i r  mak ing.  Trad i t iona l  not ions of  Form 

(or  in  Sanford Kwinter ’s  term “ the mere ly  formul is t ic”  (Kwinter  2004, 96) )  were res is ted 

in the i r  work in favor  of  the emerg ing ideas of  “ format ion”,  the inseparabi l i ty  o f  form, 

growth,  and behav ior  in  a l l  systems (Kwinter  2004).

4	 Grotesquely Subl ime

The work of the Spanish archi tect Miguel F isac exempl i f ies th is t ra jectory of the 20th 

century mater ia l  pract ice. Working in post-war Spain, F isac hovered between archi tect, 

engineer, and fabr icator and focused on the r igorous development of pre-cast concrete 

structura l  beams and façade systems. Known most ly for h is long-span concrete roofs of 

the 1950s  and 1960s, F isac’s later work in the 1970s and 1980s concentrated on the 

use of f lex ib le formwork in pre-cast concrete façade modules. Fascinated by concrete’s 

f lu id nature, F isac began using plast ic sheet ing and metal  wire in h is formwork. The 

f lex ib i l i ty of the plast ic sheet ing, constra ined by the metal  wire, a l lowed the f in ished 

panels to resonate with concrete’s inherent f lu id propert ies. 

F isac f i rs t  began th ink ing about  these ideas ear ly  in  h is  career  dur ing the Teacher 

Tra in ing Center  (F igure 3)  pro ject  in  Madr id in the 1950’s:

I  then started to th ink about concrete – which I  considered the best bui ld ing mater ia l 

– and wanted to ref lect i ts f lu id condit ion in some way, set i t  apart  f rom the remaining 

mater ia ls that arr ive sol id on the construct ion s i te. Stone is carved, Br ick is pressed in 

a mold, but concrete is a mater ia l  that is poured in a doughy state. With that in mind, I 

decided to make molds for the canopy with str ings and plaster which, af ter some nine 

days, we removed leaving those soft  contoured shapes. This was the beginning of a 

research that led me years later to the f lex ib le formwork. (Fernández-Gal iano 2003, 40).

I t  wasn’ t  unt i l  the Mupag Rehabi l i ta t ion Center  pro ject  (1969-1973) that  F isac began 

fu l ly  exp lor ing the use of  f lex ib le formwork (F igure 4) . 

Af ter  a decade making exposed concrete,  I  rea l i zed that  someth ing was not  r ight , 

because the concrete took on the texture of  the p lanks,  as i f  i t  were wood; so I 

dec ided to g ive i t  an express ion of  i ts  own, because i f  i t  is  a mater ia l  you pour on 

s i te when i t  is  s t i l l  sof t ,  i t  should have a f ina l  appearance resembl ing that  f lu id i ty. 

Whi le I  was bu i ld ing Mupag, I  asked the foreman to use a wooden mould and to t ie  up 

some wi res l ike those you use to jo in the re in forc ing bars;  we put  p last ic on top of  i t 

and set  the stee l  mesh between two concrete l i f ts  of  about  3cm; when we removed 

the formwork i t  looked great ,  a smooth and br ight  sur face as i f  i t  were st i l l  sof t . 

(Fernández-Gal iano 2003, 100) .

Not on ly  d id the use of  the p last ic sheet  produce a qu i l ted sur face curvature that 

resonated wi th the concrete ’s f lu id fabr icat ion,  but  a lso the p last ic sheet ing formwork 

i tse l f  was inexpens ive,  easy to const ruct ,  and less wastefu l  than t rad i t iona l  wood 

formwork.  F isac cont inued to deve lop these techniques,  however not  everyone has 

apprec iated the new forms that  were expressed in the facades  (F igures 5,  6) .  Kenneth 

Frampton,  comment ing on F isac’s ent i re body of  work,  bare ly  noted F isac’s f lex ib le 

formwork pro jects wi th the except ion to ca l l  them “grotesquely textured ‘p last ic ’ 

sur faces” and to ind icate they were a d is t ract ion f rom h is la rger  focus on the st ructura l 

capaci ty  of  concrete (Frampton 2003, 9) .  However,  others,  such as Mohsen Mostafav i , 

p lace F isac’s sur face exper iments in the context  of  the in formal  and i ts  ab i l i ty  to ta lk 

to th ings in format ion rather  than the co ld rat iona l i ty  o f  idea l ism. Mostafavi  states, 

“F isac’s explorat ions with surface, l inear i ty and curvature imbue his work with a sense 

computation, formation and materiality
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Figure 9. Fabrication Sequence (from top): base 

constraint point template, lower support frame, 

upper fabric frame, cast panel in mold

Figure 10. Cast panel removed from mold

Fig. 9

of the monstrous and the imperfect.  …Fisac re jects the ideal i ty of pure and rat ional 

order.” (Mostafavi  2003, 15). L ike Gaudi and Otto, F isac was not interested in purely 

rat ional structura l ism, but in the abi l i ty of emergent mater ia l  forces and new construct ion 

techniques to l i tera l ly inform form. These forms, grotesque to some, of fer a new approach 

to the aesthet ics of archi tectura l  form. Impure, imperfect,  and complex, the undulat ing 

facades of F isac’s pre-cast facades point to a certa in resonance between form, growth, 

and behavior that is beyond the domain of the designer. 

5	 Informal Form: P_Wal l  2006

Matsys was estab l ished in 2004 wi th the in tent  of  bu i ld ing on the legacy of  the mater ia l 

pract ices of  the 20th century through the use of  new d ig i ta l  fabr icat ion and generat ive 

too ls.  At  the t ime, I  was in fatuated wi th the cont ro l  these new too ls prov ided in the 

deve lopment of  complex systems. However,  the more I  scr ipted the more I  saw the 

need to return to f i rs t  pr inc ip les and red iscover  the mater ia l  resonances that  most 

insp i red me in the work of  Gaudi ,  Ot to,  and others.  More of ten than not ,  scr ipt ing 

in des ign is  used to fac i l i ta te complex,  but  complete ly  determin is t ic  processes. 

Af ter  a par t icu lar ly  demanding pro ject  that  invo lved a great  dea l  o f  (determin is t ic ) 

computat iona l  des ign and fabr icat ion,  I  sought  a research pro ject  that  would engage 

my in terests in in formal  forms and emergent  processes.  Insp i red by F isac’s work,  I 

began a three-month in i t ia l  research phase to s imply understand the techniques and 

processes of  f lex ib le formwork. 

The f i rs t  prototype was a complete fa i lu re,  or  so I  thought  at  the t ime (F igure 7) . 

Us ing a smal l  wooden mold and an e last ic fabr ic sk in,  my des i re was to form a per fect 

funnel  shape by pu l l ing and const ra in ing the fabr ic at  the center.  The resu l t  was 

anyth ing but  per fect .  Covered in wr ink les,  cracks,  and b lemishes,  the cast  form fe l l 

in to the “monst rous” category,  for  which I  was in i t ia l l y  unprepared. Af ter  weeks of  work, 

exper iment ing wi th var ious e last ic fabr ics,  p laster  mixes,  and increas ing ly  complex 

molds,  I  began to rea l ize that  I  was less in terested in ach iev ing a pre-conceived 

“per fect”  formal  idea and the in i t ia l l y  grotesque became not  on ly  acceptable,  but  a lso 

des i rab le.  That  is ,  through the process of  invent ing more and more compl icated ways 

to at ta in an idea l  form, I  rea l i zed that  the imper fect  was more in terest ing as i t  emerged 

on i ts  own through very s imple const ra in ts. 

Th is idea was then deve loped in to a proposal  for  a wal l  insta l la t ion at  the Banvard 

Gal le r y  at  The Ohio State Univers i ty.  The goal  o f  the pro ject  was to use computat ion to 

deve lop a const ra in t  system that  would negot ia te the complex mater ia l  forces between 

the f lex ib le formwork and the f lu id p laster  s lur r y.  Through months of  exper imentat ion, 

i t  was determined that  the point  const ra in t  spacing in the fabr ic formwork was cr i t ica l 

to the format ion of  sur faces.  The spacing of  these const ra in ts determined i f  the cast 

p ieces fa i led through two ways.  As the weight  of  the p laster  s lur r y  expands the e last ic 

fabr ic,  the rat io between the e last ic i ty  of  the fabr ic and the weight  of  the s lur r y  is 

cr i t ica l .  I f  the points are p laced too c lose together,  the fabr ic is  over  const ra ined 

and res is ts sagging.  Th is lack of  suf f ic ient  sagging resu l ts  in  very th in cross sect ions 

of  the dr ied p laster  forms which tend to be br i t t le  and weak.  On the other  hand, i f 

the spacing between points was too la rge,  the fabr ic could become over loaded wi th 

the s lur r y  weight  caus ing the fabr ic to r ip out  of  the const ra in t  po ints.  Th is would 

immediate ly  lead to mass ive (and explos ive)  b lowouts,  ru in ing the fabr ic and wast ing 

t ime and mater ia ls . 

Af ter  a ser ies of  empi r ica l  tests to determine the appropr ia te min imum and max imum 

spacing of  const ra in t  po ints,  a computat iona l  scr ipt  was deve loped that  would a l low 

the user  to create grad ient  f ie lds that  undulated between h igh and low dens i t ies of 

const ra in ts (F igure 8) .  Th is scr ipt  d id not  determine the overa l l  form, but  ra ther  he lped 

gu ide the fabr icat ion to a pos i t ion of  acceptable r isk.  That  is ,  the use of  the scr ipted 

const ra in t  po ints a l lowed me to ga in a cer ta in amount of  genera l i zed cont ro l  over  the 

areas of  h igh and low dens i ty  whi le  s t i l l  a l lowing the forms to se l f -organ ize at  a more 

loca l  leve l .  I  cou ld not  pred ict  speci f ic  resu l ts  but  I  cou ld predict  the la rger  pat tern as 

wel l  as know that  the forms were emerg ing wi th in to lerances that  would not  complete ly 

endanger the cast ing process. 

Fig. 10
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Figure 11.  P_Wal l  (2006), Front v iew

Figure 12.  P_Wal l  (2006), Obl ique v iew

Figure 13. P_Wal l  (2006), Detai l  v iew

Fig. 11

Fig. 12

Fig. 13

The scr ipt  used a very s imple,  “brute- force” a lgor i thm to p lace the const ra in t  po ints. 

Us ing a graysca le image as a gu ide,  the scr ipt  would sample the p ixe l  luminance at 

random points and t rans late that  va lue in to an acceptable d is tance to the c losest 

const ra in t  po int .  The scr ipt  would then compare th is  speci f ied test  d is tance wi th the 

actua l  d is tances between the test  po int  and every other  po int  a l ready determined. I f 

the point  was wi th in the acceptable min imum or max imum range, i t  was added to the 

l is t  o f  const ra in t  po ints.  I f  there was a l ready another  po int  wi th in the test  d is tance, 

a new random point  was tested e lsewhere and the process would begin aga in unt i l 

a  speci f ied tota l  number of  const ra in ts were found. A l though more sophist icated 

techniques could have been used (such as spr ing systems) that  cou ld have been 

faster  or  more ef f ic ient ,  the bas ic scr ipt  per formed wel l  enough to locate roughly 1000 

const ra in t  po ints. 

The f ina l  mold des ign cons is ted of  three main components (F igure 9) .  The f i rs t 

component he ld the const ra in t  po ints (ver t ica l  wooden dowels )  in  p lace accord ing 

to the locat ions determined by the scr ipt .  The lower wooden suppor t  f rame was then 

pos i t ioned around and above th is  const ra in t  template,  lock ing i t  in to p lace.  F ina l ly, 

an upper wooden f rame wi th a taut  e last ic fabr ic was lowered in to p lace on the lower 

f rame. The dowels would push the fabr ic sur face above the top sur face of  the upper 

suppor t  f rame. Any fabr ic above the sur rounding f rame would be above the “water l ine” 

of  the p laster  ( l i ke is lands in the sea)  and would appear as ho les in the f ina l  cast 

sur face.  As the p laster  was poured in the fabr ic expanded under i ts  weight .  The 

more p laster  was poured in,  the more the fabr ic would expand unt i l  the weight  of 

the p laster  reached equi l ib r ium wi th the e last ic tens ion in the fabr ic.  That  is ,  under 

a cer ta in threshold based on the st rength of  the fabr ic,  the sur face would expand in 

propor t ion wi th the load of  the p laster.  Beyond that  threshold,  the fabr ic ’s e last ic i ty 

was surpassed and tears would occur in  the fabr ic.  S imi la r  to b lowing up a ba l loon or 

soap bubble,  the sur face expands unt i l  the mater ia l  (or  sur face)  tens ion is  too great . 

Appear ing in f la ted and sof t ,  the hard p laster  wal l  resonated wi th the energy present  in 

i ts  mak ing (F igures 10-12) .  As ad jacent  areas of  the fabr ic sur face expanded under 

the weight  of  the fabr ic,  they s lowly began to form creases,  wr ink les,  and fo lds in the 

sur face.  The complex forces at  p lay in formed even the const ra in t  po ints:  a l though f ixed 

f rom below, the dowels of ten began to lean towards the la rger  loads in the sur face, 

at tempt ing to f ind equi l ib r ium. A l though the wal l  sur face appears complex,  the process 

s imply re l ied on the se l f -organ izat ion of  the two mater ia ls  (p laster  and fabr ic )  to f ind a 

ba lance wi th each other  based on a l imi ted amount of  des ign parameters. 

6	 From Object to Fie ld:  P_Wal l  2009

In 2009 the San Francisco Museum of Modern Art commissioned a new version of the 

wal l for inclusion in their permanent col lect ion and for exhibit ion in Sensate: Bodies and 

Design. This new work was dramatical ly larger than the original wal l . At 45 feet long and 

12 feet high, the new wal l was four t imes the size of the 2006 wal l. This new opportunity 

al lowed me to look back at the work of 2006 and rethink several areas of the design. 

The dramatic dif ference in gal lery dimensions greatly informed the design of the new 

wal l. At 45 feet long, the new wal l had moved further from the scale of an object on a 

wal l  to actual ly becoming the wal l i tself. Unl ike the 2006 wal l, the new wal l was sited 

to take up the entire length and height of the gal lery wal l , essential ly transforming the 

intent ional ly nondescript tradit ional gal lery wal l  into an undulat ing contemporary body al ive 

with irregular i t ies, informal i t ies, and energy. This scale shift led me to think about the 

wal l more as a f ield than object. The shifts in constraint density in the original wal l  were 

related to the module size; each module contained both high and lower densit ies. The 

larger size of the wal l at SFMoMA required a shift in scale from the singular module to the 

aggregation of mult iple modules. Using the same constraint point script but with a source 

image with more gradual shifts between l ight and dark pixels (which translate into low and 

high densit ies of constraints), the overal l  depth of the wal l could be control led gradual ly 

between deep (white) and shal low (black). Arrayed on the wal l, the sl ight ly dif fer ing 

average depths of each module created large areas of the wal l that either protruded or 

recessed from the gal lery visi tor, a series of undulat ing coves and overhangs (Figure 13).
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Al though much longer and h igher,  the ga l le r y  space at  SFMoMA was much sha l lower 

than the Banvard Gal le r y  at  The Ohio State Univers i ty.  The SFMoMA gal le r y  was on ly  8 ’ 

deep compared to the 30’  depth at  OSU. Where the main v iew of  the wal l  a t  OSU was 

f ronta l ,  i t  was obl ique at  SFMoMA. Th is d i f fe rence in or ientat ion between the v iewer 

and the wal l  led to the second major  change f rom the 2006 P_Wal l .  As one moves 

f rom the f ronta l  v iew to the obl ique v iew, the gaps between the modules become 

less not iceable and the ent i re wal l  appears as one seamless landscape. However,  in 

the 2006 wal l ,  the use of  the rectangular  modules prevented the hor izonta l  seams to 

d isappear in  the obl ique v iew  (F igure 14) .  By moving to a hexagonal  module,  there was 

a lways one module in ter rupt ing the a l ignment of  the hor izonta l  seams that  a l lowed the 

ind iv idua l  models to a lmost  d isappear in  pr imary d i rect ion of  v iew. Fur thermore,  the 

use of  4 d i f ferent  hexagonal  module s izes (S,  M, L,  and XL)  d isrupted the seams in the 

d iagonal  s ight l ines as wel l  as break up the rhythm of  the modules in the f ronta l  v iew 

(F igures 15-17) .  Unable to qu ick ly  perce ive the actua l  rhythm of  the module s izes (a 

repeat ing octave f rom XL to S and back to XL) ,  the v iewer focuses on e i ther  the la rger 

or  smal ler  spat ia l  e f fects (F igures 18-20) . 

On the technica l  s ide,  the 2009 P_Wal l  made severa l  mater ia l ,  fabr icat ion,  and assembly 

improvements on the 2006 wal l  des ign.  A l though s imple and easy to make, the cast ing 

p laster  used in 2006 was br i t t le .  Not  on ly  were the panels heavy,  but  a lso they were 

de l icate.  By adding a h igher  dens i ty  and st rength p laster  to the normal  cast ing p laster 

as wel l  as chopped f iberg lass st rands to the p laster,  the p laster  modules were much 

less prone to damage. In  addi t ion,  per l i te  aggregate was added to the s lur r y  that 

a l lowed the weight  of  each panel  to be cut  by a lmost  ha l f .  The des ign of  the molds was 

a lso improved to make the i r  d isassembly,  c lean ing,  and reassembly each day much 

faster.  As the wal l  was composed of  150 un ique modules and 6 modules were cast 

every day,  i t  was essent ia l  that  i t  was fast  and re la t ive ly  easy to t rans i t ion between 

separate pours.  F ina l ly,  the hardware that  a l lowed the modules to be hung on the wal l 

was improved to make the wal l ’s  assembly on s i te more ef f ic ient .

7	 Entropy and Li fe:  P_Wal l  (Weather ing)

I n  the contex t  o f  a  museum or  ga l le r y,  the two wa l ls  have a  d i f fe ren t  read ing than 

F isac ’s  f lex ib le  fo rmwork  pro jec ts  in  the 1970’s  and 80 ’s .  Henr y  Urbach,  cura to r 

o f  the Arch i tec tu re  and Des ign depar tment  a t  SFMoMA descr ibed the pro jec t  as , 

“a  rad ica l  re invent ion o f  the ga l le r y  wa l l .  Typ ica l l y  smooth,  f i rm,  regu la r  and,  by 

convent ion,  ‘neut ra l ’ ,  the ga l le r y  wa l l  has shed i ts  secondar y  s ta tus  to  become a 

pro tagon is t  in  the space i t  l i nes”  (Urbach 2009) .  However,  desp i te  the i r  “ re invent ion” 

o f  the t rad i t iona l  ga l le r y  wa l l ,  the pro jec ts  s t i l l  had to  adhere to  the res t r ic t ion  put 

on ob jec ts  o f  a r t  in  museums or  ga l le r ies .  That  i s ,  desp i te  the wa l l ’s  sensua l i t y,  the 

museum v iewer  was not  permi t ted to  touch i t  and i t  rema ined a  v isua l  a r t i fac t  ou t 

o f  the ver y  tac t i le  reach i t  evoked.  Th is  separa t ion between ob jec t  and user  i s  not 

someth ing a rch i tec tu re  o f ten conf ronts .  A rch i tec tu re  is ,  a lmost  by  de f in i t ion ,  a  th ing 

in  constant  phys ica l  contact  w i th  humans whereas Ar t  o f ten ex is ts  a t  a  more fo rma l , 

and most l y  v isua l ,  leve l  o f  in te rac t ion. 

Th is issue became even more poignant  when I  began to re f lect  on the maintenance 

of  the wal ls .  Dur ing fabr icat ion,  I  was constant ly  b lowing dust ,  d i r t ,  and even sp iders 

f rom the crev ices and ho les of  the panels.  Af ter  insta l la t ion,  the museum preparators 

were on constant  v ig i l ,  look ing for  handpr in ts le f t  by museum v is i tors snatch ing a touch 

when the secur i ty  guard’s back was turned. As a react ion to th is  s i tuat ion,  I  wanted to 

create an a l ternate v is ion of  the wal l  f ree of  protect ion f rom both human contact  and 

Figure 14. P_Wall (2009), Elevation drawing

Figure 15. P_Wall (2006), Oblique view. The 

horizontal edges of the modules break up the 

continuity of the surface when viewed from the side

Figure 16. P_Wall (2009), Oblique view. The 

hexagonal pattern of the modules creates a more 

continuous landscape surface when viewed from 

the side

Figure 17. P_Wall (2009), Front view

Figure 18. P_Wall (2009), Front view

Fig. 15

Fig. 18

Fig. 17Fig. 16

Fig. 14



105

natura l  weather ing.  The P_Wal l  (Weather ing)  pro ject  v isua l izes how I  suspect  the wal l 

would age over  severa l  years outs ide (F igure 21) .  The P_Wal l ’s  sur face encourages 

the deposi t ion of  soot ,  the growth of  moss,  the nest ing of  b i rds.  I ts  sur face is  not 

opt imized for  c lean ing and i t  would s lowly accumulate an emergent  communi ty  of 

organ ic and non-organic l i fe .  A l though some have descr ibed th is  process as ent rop ic, 

the tendency of  a system to lose energy and deter iorate,  i t  cou ld a lso be descr ibed 

heading in the opposi te d i rect ion:  the wal l ’s  proper t ies encourage the emergence of 

l i fe  (or  h igher  leve ls of  organ izat ion)  across and through i ts  sur face. 

8	 Corporeal  Parameters

Like many of  the pro jects des igned by the mater ia l  pract i t ioners of  the 20th century, 

the P_Wal l  pro jects exh ib i t  a corporea l i ty  that  resonates wi th our  own bodies and other 

organ ic forms. Th is resonance is  not  des igned, but  emerged f rom complex mater ia l 

forces wrest l ing wi th s imple des ign parameters.  I t  is  th is  last  fact  that  presents the most 

potent ia l  for  the future of  mater ia l  pract ice.  As computat iona l  des ign techniques such as 

scr ipt ing and parametr ic  model ing are increas ing ly  used wi th in the arch i tectura l  des ign 

d isc ip l ine,  i t  is  usefu l  to remind ourse lves of  the fundamenta l  in tegrat ion between 

form, growth,  and behav ior  found in natura l  systems and how we, as des igners,  can 

st r ive to forge para l le l  re la t ionsh ips between geometry,  fabr icat ion,  and per formance 

in our  synthet ic systems. That  is ,  we can leverage the power of  parametr ic  des ign 

technolog ies to do more than manage the complex i ty  of  d i f fe rent ia l  geometr ies and 

rather  use them a long s ide in conjuct ion wi th s imulat ion sof tware to qu ick ly  exp lore 

the in tegra l  re la t ionsh ips between parameters and phys ica l  forces.  Matsys is  cur rent ly 

work ing on the next  generat ion of  the P_Wal l  ser ies and is  at tempt ing to in tegrate 

parametr ic  d ig i ta l  s imulat ions of  the phys ica l  forces invo lved in the fabr icat ion process 

in order  to bet ter  understand var ious des ign scenar ios pr ior  to fabr icat ion.  Through th is 

process,  i t  may be poss ib le to sh i f t  some of  the r isk invo lved in fabr icat ion process 

over  to the d ig i ta l  s imulat ion,  mak ing the craf tsmanship of  the parametr ic  model  even 

more essent ia l  to the overa l l  success of  the pro ject .
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Figure 19. P_Wall (2009), Detail view

Figure 20. P_Wall (2009), Detail view

Figure 21. P_Wall (Weathering)
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