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'Joints like Sculpture'- Louis Kahn's Richards Building 
and the "Precisionist Strain" 

THOMAS LESLIE, AIA 
Iowa State University 

The recent opening of the Marshall D. I l e ~ e r s  Archixe at the 
Universitj of Pennsllxania has provided a neu source of 
photographs docurnentirig tlie building's unique construction. 
The parallel discover! bj the  author of a prexiousl! unpubl- 
ished manuscript bq the project's precast contractor sheds 
additional light on the project's multi-faceted concern for 
weaxing together function. performance and assembly. These 
documents support an explanation of the building's conception 
as the -monumentalization of technique.' and the largel! 
undocumented role of Iiahn as a building technologist oi the 
first order. Richards' direct influence on a generation of 
technically inclined architects in the 1970s indicates that  these 
nenl! axailable documents support the xieu of Kahn as a 
seminal figure in the dexelopment of the so-called 'hi-tech' 
school of the late 20th centun. shedding light on both his 
career arid those of Renzo Piano. Uorman Foster. et. al. 

"One da j  I mited the site during the erection o f  the 
prefabrrcatedji-anl~ of tlze b~ddzng .  Tlze craile's 2 0 0 f o o t  
boom plcked I" 22;;-ton menlbers and suung then1 into 
place like nzatclrstztXs m o w d  b\ tlze Imnd. I resented the 
garislzl? painted clone, tluc monster i t  Illcll hunnliated 
7111 building to be out of scale. I ~ ta tched  the crane g.o 
t l~rough its man]  nlol ements a / /  the time calculati17p holc 
man? more do? s t lm 'tlzing' 1 1  as to domrnatc the site and 
bu~lding before a jlattermg p l~o tog~uph  of the buildillg 
could be made.  

.'lolc I a m  glad of this exyelience betause ~t made  me 
a f tare  o j  the nleanmg of the C ~ C L I I P  117 dehlgn, for it 1s 

nterrl~ the eutenslon of the arm hkr  a hummer. l o t [  I 
hegal7 to tlzinh of member? 100 tons m ~lelgl l t  lifted b\ 
blgger cranes. Tlre p7eat nirnibers lrould be on11 the 
parts of a composltc tolz~nln rczth jornta M e  sculpture zn 
gold and porcelam and Irarborlng rooms on 1 arzozrs 
l e ~ e l s  pared 117 nlarble." 

- Loui- I. Iuhn.  "Form arid Design". 1961 

P; ritirig in 1960. \ incent Scully described Louis kahn's design 
for tlie 4. Y. Richards Medical Laboratories at the I nix ersitj of 
Pennsqlxania as a participant in the American '"Precisionist 
Strain.""' This short-lix ed formulation described for Scullj a 
tendenc? in h e r i c a n  architecture toward 'puritj of shape. 
linearit! of detail. and. at times. compulsixe repetition of 
elements." and included xlorlts as early as the 'taut. hollow 
hoxes' of 17th century Ilassachusetts. the 'clear. sharplj 
separate geometric shapes* of the  Lniversit! of \ irginia. and 
Louis Sullix an's "actix e staternentls] of human force."? \lore 
currentlj. the "icj. taut cubes' of S O V s  banks and office 
buildings and the 'brittle planeb^ and *ruggedl! conceix ed' 
concrete of 1iahn"s building represented the continuation of - A 

this Puritan obsession ~ i t h  'perfect. closed and weightless 
forms.' In Scullj's xiex$. this emphasis on perfection reflected a 
long-running attempt b j  ,American architects to make up for 
their provincial relationship to the richness of European 
architectural culture. 

This. of course. is an odd argument. one that Ma. short-lixed 
and that has not generallj been borne out b j  subsequent 
events. l e t  to find Kahn mentioned at the conclusion of 
Scull!'s eqsaj is doubly striking - first. because Iiahn is hard17 
exer thought of in Puritan terms. hut more proxocatixelj 
because the description so lteenlj fits the experience of 
Richards. Scullj notes in particular that the 'brittle planes' of 
brich and glass that form the  exterior nalls of the Richards 
laboratories are p l a ~ e d  ofi against -exposed and rugpedlx 
conceixed colunini and tantilexerrd ~pandrels of which the 
structure is made.' This suggests both the taut perfection of the 
American colonial house and the  rriec4er. rnore organic English 
farmhouse that appears to pox\ out of and decaq into the soil. 
Such an integration of rigorouslj conceix ed sbiris xzitli bolder. 
rnore sculptural structure led Scull> to conclude that Richards 
might lead tlie in putting -our instinct f o ~  perfection ... to 
rnore releasing uv. '  t omhining our nervous. Puritan e n e l 2  
regalding detailing and crispness \$it11 the formal generositj of 
conterriporai?/ der e l o p e n t s  in  Europe. 
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In fact. this Sorrnula describes the conception and execution of' 
Richards particularlj- well. Docurnerlts and photograph! in tlie 
Louis Iialirl 4rchive. as vcll  as a description in the -4ugust 
l<orricndant 4rchives of the precasting s!-stetli used for the 
Ijuilding. demonstrate that I iahn M-as sirnultarleousl) interested 
in primary aspects of the building's experience that uere both 
formal and 'precisionist.' that is. both tectonicallj- and composi- 
tionall! refined. The design was developed to express through 
massing and detail that tlie laboratories had extensive require- 
ments for senices. that the  vertical nature of the project 
dernanded a structure that would he efficient and buildable on 
a confined site. and that the  materials used in constiuctiorl 
could express the sequence oi assembly and the performatire 
natule of each element. P; hile much has been made of the 
building's expression of s e n a n t  and serled spaces. hov these 
systems were actually integrated into the qtructural and 
constlucti\e s!stems of the building has remained largel! 
unexarnined. Lpon more detailed anal!sis. Richards reTeals 
additional la! ers of designed and constructed logic. demonstrat- 
ing Kahn's profound grasp of building technolog! arid the role 
it pla!ed in the expression of monumental ploprammatic and 
architectural goals. 

Iiahn receiled the corn~nission for Richards in Februar~ 1957. 
folloving ewtensk e internal discussions at Penn regarding the 
building's site. piogram. and occupants. i t  the time. Iiahn had 
completed the >ale Art Gallerj and the  A4merica~l Federation of 
Labor Building in Philadelphia. but  had built neither a 
lahoratoq nor a high rise structure. The  Laboratoq building 
\\as to be on a prominent site on the  lledical School campus. 
along Hamilton ~ a l k  and surrounded by buildings and dormito- 
ries in the collegiate gothic style b j  Cope and Stewardson. 
Howeier. it \\as seen as a relatively utilitarian project compared 
x+ith better-funded and more lisible buildings planned for the 
other end of the Medical School campus, in conjunction nith 
the Lnkersitj of Penns!hania Hospital. Ice! to the success of 
the project. Kahn had prexiously formed solid uorking relation- 
ships with structural engineers Iieast arid Hood. who \+ere 
based in Philadelphia and mho had collaborated on the Yale 
Art Galleq. and nith mechanical engineer Fred Uuhin. based in 
Boston. 

Idded to this roster of consultants for the  Richa~ds project n a -  
4ugust komendant. Kahn had first contacted ICo~nendant 
regarding the Enrico Fermi Vemorial cornpetition. for a site at 
the Lrli\elsit\ of Chicago. The two formed a fast friendship. 
based partlj on their shared familial roots in Estonia and pad!  
on a collaboratix e d! namic that M o d d  pro\ e extraordinaril! 
producti~ e 01 el their eighteen years of I+ orli together. Iiomen- 
dant nas neithei a form-gixer nor a designer. limitationz that he  
reluctantly admitted. Kahn. on the other hand. decpite his 
exquicite attention to detail did not possess the matherrlaticall! 
arial~tical mind that had won Komendant acclaim. I\omen- 
dant's 1952 book. Pwstressed Concrete St~~tctures. nas an  
incledibl! dense nork. thick with technical detail and esotelic 

the architectural possibilities of' prestressed concrete. Following 
their ultimately urlsucc~eisful \$-orli on the Ferrni cornpetitio~l. 
komendant hosted Rahn's students at a prestressed concrete 
plant in Lakewood. \+liere he Ivas a cor~sulting engineer. kahn 
rhapsodized about the plant arid its equipment. suggesting that 
the idca of prestressed members was firmlj planted in  his rnird 
hy the tirne the Richards project M-as awarded a fev  months 
later.' 

Between Februai? and June 1957. kahn  and his consultants 
dexeloped a scheme fol Penn that  would stubbornly resist 
alteration throughout the duration of the project. Based on 
Duhin's initial consultations regarding plumbing lines and 
code-required falls. the design team proposed a single standaid 
module for t he  laboratories. a 45'-0" square -studio' space free 
of columns or ~ a l l s .  This permitted a central pipe loop that 
I+ ould effecti~ el! sen  ice the entire floor plate. while permitting 
rrlaxirnurrl flexibilit! fol bench arid partition locations. This 
flexibility seems to hale etemmed in part flom the understand- 
able lack of specificit! in the early program. hut  also from 
Iiahrr's apparent IielLousness in ox er-designing such highl! 
personal spaces for researchers. T h e  standard module was to be 
replicated over eight floors into toners. ~ \ i t h  three of these 
towers clustering around a central core unit containing rne- - - 
chanical systerns. animal quarters. e le~ators  and stairs. Fro111 
the beginning. the site arrangement placed the laboratoij 
toners in a pinu heel formation around the core. or  '-touer X." 
This created offsets in the o ~ e r a l l  site massing. allowing each 
touer a three-sided exposure to dajlight. H o m e ~ e r  it also pla>ed 
on the fine distinction between the  building as a single mass 
arid a collection of independent elements. a coarse-grained 
articulation that  x\ould form the basis for a much finer grain of 
articulation that  ordered the bui1ding"s sjstems and detailz as 
the design progressed. 

On the exterior of the laboratory towers. subsidiarj s e n i c e  iuns 
including exhaust air. secondaq plumbing. and fire evape  
stairs uere to  be  hou~ed  in tol+ers that repeated t h e  logic of 
* to~+er  X' on  a smaller scale. In July 1957. the first draming. of 
these towers sho~+ed  a ladder truss. hollow and presunidhl! 
open air. harboring smaller duct and stair to\\els mithin. The 
circular openings of the truss formed the dooruaj  to  the lab 
floor. a trope that na- repeated in tlie cantilexered beam. 
extending from the truzb and forrning the lab floors. One  rlietch 
in palticular s h o ~ s  thwe c a n t h e r s  spanned b y  a seriek of 
ersatz 1 ierendeel trusae*. mith arced openings allowing passage 
of pipes and. presumahl!.  duct^ orli." In \ u p s t  1957. theye 
t o ~ e r s  solidified. Dra\+ings during the late summer ~ h o v ~ d  a 
distinction being made bet~$een stair and flue t o ~ e r s .  with the 
fornlrr terminating in a rectangular capital. and the  latter 
t e rnha t ing  in a flat cornice. \+ith \ertical btriations on the 
exterior indicating its status as a x erticall! -oriented duct.? The 
lab floors themsehes vere shour~  during this phase as  nested 
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sets of n i n e - q u a ~ e  giidi. uith the ~ n c t u r e  1 1 0 ~  d i~o iced  f~orri  
tlie .el I i tc  to\\ n s  and e x p  e-ed sepaiatelj. in pairs of c oncretr 
1-l)eains ilariking tlle scnice towerb at I /3  points along the edge 
Learna. R itliiri. at kahn ' i  sugge~tion. ho~nendant began aiial!z- 
ing the potential iol prestie-ed concrete spanning mernberi to 
achie\ e the 45-foot cleai span- requiled. B! adopting hoisting 
arid as.rrnbl! tethniyues froin steel coiistiuction. kornendant 
de\cloprd a hit-of-parts approach - lalge edge l~earris and a 
pair of rnajoi spanning rne~ribers fol each tox\er with irifill 
trussei to support t h e  floor slabs and p ro~ ide  hangars for pipes 
and d u c t ~ o r h .  R ork done later in 1937 deleloped a highl! 
articulated approach to the exhaust to\\ers in a sclien~e that u a s  

A A 

quiclJ:, abandoned due  to cost concerns. Lsing a sixteen-square 
concrete grid as a scaffold. this scheme graduallj added -clay 
flues' within the grid's outer recesses to come! the impression 
of additile exhaust as one niol ed up through the tower. At the  - 
base, this scheme prolided a square archnaj at tlie base for 
pedestrian circulation. ~ + h i l e  the top r$as to be solid \\ith the  
infill flues. a precise expression of the exhaust s!stemas addithe 
nature." 

hile the de~eloping scheme of Richards was radical, it \+as bj  
no means unprecedented. In particular. Chicago's Inland Steel 
Building. co~npleted in  1958 but ~4ell publicized as earlj as Maj 
1955. displayed a verj  clear hierarch! betu een its \ erticallj 
finned senice t o ~ e r ,  its outboard structure arid its clear span 
office floor space."' Contemporaq 1aboratoi-y design mas 
generall! riot this articulate in its expression of structure arid 
senice.  1 flexible design for medical labs at Rashington 
Unixersit! in St. Louis. completed in 1956 by Harris Arnistrong 
and published in Ai-l~c~tectuiul Record. did clearl! express the  
interpla! bet\\een reconfigurahle lab space. a regular cast-in- 
place structure. and a compressed utilitj core. ~ \ i t h  piped 
services and electrical utilities were carried beneath ceiling 
slabs. open entirely to the lab spaces belo\\." 

The  slnthesis a c h i e ~ e d  bl Ik~lin. Komendant and Dubin. 
ho~sex er. 1% ent far be) ond these possible forerunners. T h e  
structural scheme was e~entuallq refined to a rectilinear system 
of prefabricated beanis arid joists. each to be nianufactured with 
dovels. seats. and rebar connections that b~ould form a 
monolithic floor s ~ s t e ~ n  when complete. The nine-square grid 
nas  reflected in the shape of the edge beams. uhich graduallT\. 
stepped up toward t h e i ~  cornera in three stages. I t  each change 
of section. a do~tnstand piece \$as included to p ~ o \ i d r  a seat for 
intermediate trusses. On the exterior. the rolurnns uere  also 
designed as precast rnembel-. shaped to sit 011 a combination of 
the column and edge bearn of the flooi be lo^. Three sets of 
post-tensioning cables 1% el e located in a I ertical duct running 
through each colurnri - one each in their inhoaid and outhoard 
segments and through theii centers. aligning uith cable ducts 
cast through the edge beam. Lpon tightening. these cables 
p ro~ ided  a firm corlriectiori hetx\een the precast parts. uh ich  
~ e l i e d  on friction induced h! the tension in the cables to loch 
the precast nleniherb in place. The same technique was 

einplo!etl on the interior rncrnbeis. he-bt1.e~-irig in the ~riairi 
spmriiing lwarns allot\ed koinendant to reduce their olerall 
depth. nhile interniediate beams running I~ctneen the rriaiii . . 
spm> and tlie column* \\ eie connected \\it11 pobt-trnsion~np 
cables. The inboard ~ e r t i t  al t a l ~ l e s  of the tolu~nris pasbed 
thlougli duct-. in tlie extienie ends of the inain lwarns. such that 
upon tightening. the precast fiarrie ~ l o u l d  he stieshed in all 
t h e e  dxec. forming an extrernel) rigid -!itern lequi~ing little 
welding. The cait-in-place floor slabs poxided additional 
diapliragni action in Loth hoiizontal directions. \+it11 monolithic 

A 

connections to the precast beams created h! nire loops arid 
metal studs raptured vithin the poured concrete. Essentially a 
h ~ b r i d  system of concrete and steel. the language of jointing 
used throughout Mas a keq element in the expressed order of 
the building. demonstrating the scale of its assemblj at e \ e q  
opportunitl. Expressed joints between members delineated the 
irldi~idual pieces and their interlace. h o  attempt \\as made to 
hide or conceal these joints. rather where necessar! grout or 
caulk \$as colored to contrast ~ i t h  the  surrounding material. .At 
giound l e~e l .  the  entry porch in to\+er -*B" specificall! 
esrlie~$ed dropped ceilings or infill  panel^. presenting the 
\isitor with a clear exposition of the  modular. skeletal floor 
s! stern.'- 

Duhiri"s mechanical s!str~n tooli advantage of the structural 
s!qtem's porous nature. homexer it maintained its own geomet- 
ric logic. at once deferring to arid subtl! transfor~nirig tlie 
reading of the building's major ordering principles." Tover Y 
was largelj gken  oxer to ~ e r t i c a l  shafts. including the \+ell- 
bnown .nostrils' on tlie south side of the building. These tooli - 
air in at the second floor. adjacent to the  botanical garden at the 
rear of the site. I i r  was then ducted to a penthouse in Toner 
h - one stoq above the laboratoq roofs - where it entered four 
ail handling units. one for each lab to\+er and one dedicated to 
animal quaiters in Touer X. Conditioned air I\as then directed 
d o ~ n  t ~ o  major supplq ducts. running along the east arid uest 
sides of the core to\\er. At each floor, supp l~  trunhs branched .. . 
off from these xertical shafts to t h e  lab ceiling xoid. entering 
through the outer openings in the  Yierendeel edge bearn. on 
axin nith the lab touer's corinections to the core. T,picalll. 

. - 
supply air was brought to the center of the floor plate. where 
],ranches distributed it to each quadrant of the floor. Exhaust 
air was taken through the dedicated shafts. however these 
prowd inadequate for the volumes required arid additional 
exhaust ductworli was required at each level. connecting to a 
major exhaust stack in the core tower. Drawiiigs b ~ -  Duhin show 
a refined set of rules for duct placement within the trusses. with 
suppl!- ducts alwavs occupj-ing the lower half' of the void. and 
exhaust ducts occup!-ing the top, ensurin? a coordinated 
system. Plumbing runs supplied hot and chilled water. gas and 
Iacuurn. and waste senice to each floor in a racetrack layout. 
Pipes entered through the center of tlie Yierendeel frames on 
either side of the main duct~vorli. turned 90'. and ran in the 
outer zone of tlle lab floors. They then orhited the central 
precinct of the floor. crossing suppl!- arid exliaust ductwork as 
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those rlenic~nts t d p c t ~ d  to\+aiti tlie f loo~ edge<. Each c\stern - 
the stiurtulal grid. the 1 cntilatirig -pine arid the  ci~cumle~ential 
pipes - inteipreted the square shape 01 the t!picdl lab flool 
diff e ient l~ .  M Pal in; ctiucture. function aiid s e n  ices togcthei in 
a c oniple\ .!stein of siinplj c onceix ed elements. 

Irchitecturall,. I<alin dexeloped the exteiior 1aripua;e of tllc 
cornple\ to reflect the xarious functions of the itrurtural. 
mechanical. and circulator! s!stems. Tlie precast structure. 
being stearn-cured. pro\ ided a robust exterior finish. and could 
thus be e\pressed plainl!. T o  demonstrate the  priinac! of these 
beams. irifill elements bet\+ een them 1% ere detailed to cominuni- 
cate that t11ej had no iunction other than simple enclosure. 
Brick nalls \+ere built to be preciselj in plane with tlle exterior 
surface* of the precast beams, and large sheets of plate glaw 
mere emplo~ed to clearls delineate the horizontal reach of the 
precast structure a b o ~  e and belov. Clerestor! lights taking up 
the  x oid depths of the can tile^ ered beams abol e suppleniented 
tlie majoi \lindows. Clash throughout nas held in place b! 
brahe-shaped stainless steel mullions and transoms. allo\+ing a 
thinner plofile than standard alumirium  extrusion^.'^ I hoii- 
zontal tlanzom at the lower edge of the  sparidle1 beam 
connected the large and small panes. and was shovn mith a 
track for nlo\able sun shading. The structural drama of the 
c a n t i h e r s  was eriha~iced b j  details at the  1 ertical corners. 
x+heie slight re-entrant corners in the vertical mullion matched 
the precise turns of the brick  all. and glass-to-glass corners in 
the toplight. 4t the building roof. the parapet line was 
emphasized 14ith a double-line of flashing. and coluinns mere 
topped uith an odd finial-like device, incorporating a round top 
profile that lisuall! matched the proportions of finials on the 
surrounding Cope and Steuardsori buildings.'. I t  this stage. 
the  flues were still designed as crenellated, terticallj striped 
tubes. ~+h i l e  the fire stairs uere  occdsionally shown as l ec t anp-  
lar. at  othei times cjlindrical shafts. This latter option seems to 
relate d i ~ e c t l ~  to the la!out of the core zone in the \ale Art 
Gallen. ~ l i i c h  pla!ed a rectangular service shaft against a 
cjlindrical ~irculdtion stair in its linear coie zone. Connections 
between the lab toner. and Touer X were articulated b! large 
sheets ol plate glass. and the core to\%er itself mas clad in brick. 
with occamnal plate glass windo~%s transmitting the locations - 
of corridors within." Snrprisingl!. internal planning of the la11 
to\zers \\a> largelj left to the departments. Kahn's office 
pro\ ided a list of 'rules' for the la~outs ,  pal-ticularl! noting that 
malls should align with the positions of small beams ahole. 1/8" - 
scale dia\+ings were issued to the researchers in the qummer 
and fall of 195;. and information from these plan* \+as then 
transfelled onto ai~hitectural \+orking drawings.'- 

Construction dravings Mere iesued in Ma! of 1958. and rent out 
for bids that June. The final !ear of production had Iwen largel! 
spent in cutting ca ts .  in particular altering the core touer to 
sirnpli4 the sectional layout and seeking sax i n p  in air 
c onditioning. fiiiiihes. and lahoratol? equipment.I3 H o ~ + e \  er. 
b! the  time of the toriztruction dravings there had also 11een 

4gnif it ant c utl~dc 1'- in thr ~ ~ c h i t e c t u ~ a l  -clierne. IIost iinpol- 
tarltlj. thc c rcncllated to!\ PI 3 \+ clc AlIdndo~led I r i  fa\ oi of the 
+heel 111 icli &afts that \+el I, e\ entrldll~ ]milt. lca) irrg onlj the 
d e ~ i c c  oi thc extended pldriai ua116 at the top of tlie staii towels 
to telepapli tlie +haftsa \allous function-. Tlie plojec t \+a> once 
d p i n  thieateried aftel l d .  airiled. Jo.eph Failell. a Philadel- 
phia contractoi. \+a- analdrd the  joh debpite a hid of m e r  $3 
nlillion. oi about $500.001) o\ el the plaiiried budget. In August 
1958. additional cuts neie made to reduce the cost of 
coristructiori to $2.500.000 ' "  Caisaoris Mere subftituted fol 
deep footingr. ceiling lieiglitr mere standardized in the core 
towel. and the structural bclieme ua-  changed to reduce the 
number of intermediate tlusses aiid joints or1 each floor. 
essentiallj transforming the small-scale structural grid from a 
nine-square to a four-syuale. This last change seems in 
hindsight quite obaious. as it reduced the number of truss 
members per touer f loo~ flom eight per baj  to four, and 
lilrewise reduced the number of labor-intensile joints from 
sixteen to six. leaertheless. this change had serious conse- 
quence> for both the  paitition layout and the duct and pipe 
runs. The forinel \\ere redesigned I,! kahn's oHice by Vo\em- 
ber. 1958. h o ~ \ e a  er the mechanital dranings were riel el 
updated to reflect the nen layout. essentiallj l e a ~ i n g  the  
contractors \\it11 a scheinatic design that the\ uere  then - 
resporisible for modifying to fit the circumstances of tlle jobsite. 
This change also. of course. siniplified the exterior expression 
considerabl!. Penn had raised objections to the somewhat 
cluttered elevations that resulted from the expression of the  
nine-square grid in small sheets of glass. a ~ i s u a l  problem that 
was eliminated l q  the ne\+ layout:" 4 hile the retised scheme 
remained slightlj oaer budget, the project proceeded e t e n  
before the re-issue of draltings on l o ~ e ~ n b e r  13. 1958. - 
Exca\ation commenced in Iugust. and foundation halls were 
poured by December of that year.-' 

1 ith construction underua!. the  building schedule relied on 
the manufacture and asseniblj of the precast structural system. 
The stor! of the precast beams has often been alluded to. 
l lo~+ever the rarelj examined engineering. manufacture and 
installation of these elements dernonstrates the intensit) oi 
thought and integration that uould be characteristic of I iahn 
and Komendant^s suhsecjuent collaborations. These falrrication 
and asseinbl! processes l+ere corn enientlj summarized by 
Sand! S~njtlle. project engineer for idantic PI ccast. in a paper 
delixered to the Precart Concrete Institute and recounted b! 
lwinendant in his 1975 memoirs.-- 

Sm!die's paper points out that the fundamental problem of the  
Richards contract \vas the precise alignment of three different 
x-arieties of' concrete structure - the poured-in-place Tower X. 
constructed b! a different subcontractor. the preterisioned main 
heams at each floor. and the posttensioned minor trusses. 
beams and coluirms. Khile standard tolerarices called Sor u p  to 
3 /8"  oHset between x~arious concrete elements. such imperfec- 
tions nould h a w  been visuall! jarring. arid in some cases would 
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ha1 e pie\ ented the joiiltuorlL of Ric hdrdc' concrete structure 
trom fitting together p ~ o p e r h .  5imilarl\. kdlln's e~pres4011 of 
the columns as priniarj e l e l ~ l e n t ~  in the facades meant that thc! 
had to he ahsolutelj plumb to heal tlie xisual emphasiq that r+as 
placed on thern. To \+in the L O ~ I ~ I  act. kldntic essentiall! 
guaranteed p f e r t  shape. flatness and alignment. r e l~ ing  on 
stednl curing. metal forrn\\orlt and jig\. and extlerneh tight 

~orltrol. Piiniaq attention was en to the bpandrel 
beams and columns, the most I isible clement. in the >tlucture. 
These were cast with a flat pallet. laid on theii side. uith the 
exterior face at the bottom. Metal iorm\+ork vas  used for its 
ahilit! to withstand the heat  and moisture of iteani curing as 
well as to achieve the extraordinarily precise tolerances 
demanded by Kahn and Komendant. Because of the  preten- 
sionirig cables. the main structural members had to he cast 
upright. with complex voids formed h! extensibe steel formwork 
and bracing. Atlantic refined Komendant's shapes slightl! to 
enable them to re-use the formwork on other projects. offsetting 
the significant tooling costs for such an intricate job. Kornen- 
dant had no objections. a n d  the fo im~~orl \  found later use for 
bridge girders and rectangular columns.-3 

The exterior columns posed particular casting problems. 
Because of their exposed nature. ltlantic adxised that the) be 
poured verticallj. so that any settling of aggregate would form 
horizontal. not vertical. striations. Further reiinernents included 
altering the column shapes slightl! to include a taper in the 
outer flanges. permitting forms to &de out as single pieces and 
asoiding the use of mltrtard collapsing forms. Ducting through- 
out the members \+as done using flexible hose tubing. proriding 
space for post-tensioning cables free from snags or friction from 
the surrounding concrete. Following tlie curing process. the 
columns \+ere laid flat for storage using a bed of white sand. 
eliminating the need for patching. .As a result. Atlantic reported 
that of the 168 columns cast. not one required re~nedial  

Atlantic did extensi~ e production ctudies. determining that the 
use of reusable forms. an  assemblj line ~zorldorce of sixteen. 
and a dedicated casting bed ~ o u l d  dllou eighteen minor tiusses 
or six main trusses to be poured at once. 1 separate team of 
nine ironworlters set to work fabricating reinforcing cages for 
the post-tensioned members. Lihe the ( onciete. the  reinforcing 
had \irtuallj no tolerance. and Ma5 fabricated using identical 
jig, in the steel shop arid on  the tactoq flooi to assuie perfect 
fit. Beginning on April 3. 1939. Atlantic produced a n  axerage of 
tno spandrel beams and four mino1 trusseb per daj .  finishing 
production in mid-June. T h e  worlt Mas scheduled to olerlap 
\\it11 the election piocess. and  the filst plecast f~ames ,  originallj 
scheduled for delixer~ to the  site on \Ia, 4. mere cianed into 
place on Ma! 26 folloning an  allowance oi three weeks due to 
final costing and minoi redesign.- 

The installation process did not *tart \\ell. Atlantic contracted 
directlj with a steel erector. Cornell and Coinpanj. to ercct the 
precast elements. and their unfamiliarit! with the material 

cornbir~cd nit11 lo$&al pr01)lemc to -lox\ con~truction to a 
cra\+l h o u p h  June.-" ldditional coo~dination l+a> required - 
bet\\ een the il on\+ orkei s electing the piece*. masons fioin 
Atlantic ~ h o  \+ele lespon~i l~le  for gloutirlg and packing the 
brain.. in place. and supen iqing engineers from keaht and 
Hood. vho weie ie~porisible for ensuring that the poqt-terliion- 
ing \ \a\  done to specification. There \+as n o  stoidge at the 4te. 
meaning that meinbeis llad to he shipped exactl! on time h! 
trucl' fiom Atlantic's plant in Trenton through do\+ntoun 
Philadelphia. Iccesb to the site proper was onl! from the 
uinding senice d r i ~ e  to the rear. and the  need to plesene 
adjacent tiees arid buildings meant that ever! crane lift had to 
thread a rareful path from the rear of the site to the toners. To 
maximize efficiencj. the to\+ers were carefull) sequenced to 
ensuie that grouting arid poured concrete floors occurred early 
enough to form a rigid irame for the continuing sequence. 
Tjpicallj. structural members ~ o u l d  be craned into place on 
two t o ~ e r s  \+bile grouting and pouring occurred on the third. 
Despite this extensile planning. on June 16 Ferrell wrote to 
Srnythe to complain about the pace of the worh. To that point. 
onl! three floors- one in each tower - had been completed. 
raising concerns that delajs x+ould push the  structural portion 
of tlie construction into October. As the  masoni-j knee nalls 
were to follou immediately the completion of the concrete 
work. cold ~ e a t h e r  risked multiplying delajs: through the 
u inter. 

The pace picked up quicltlj. howexer, as the ironuorlters 
uarmed to the  new material and the complex ballet of cranes. 
jaclrq and concrete pours became routine. B! Jul!. Cornell and 
Atlantic nere ax eraging one finished floor per week. three times 
their starting pace. arid the vork was completed bj  A u p s t  14. 
1959 -in all. 1019 precast pieces \\ere fabricated. shipped and 
erected without major incident.'- The team adopted a mass- 
production strateg on the site. x\ith teams of t ~ o  \+orkers riding 
structural piece* and usirig custom-made jigs and tools to align 
colu~nns and trusses prior to the arrixal of the tensioning 
jacl~s. '~ This \\as. of course. inatclled by close cooperation from 
Kahn and Kornendant, and Smjthe recognized them for their 
worl'. In particulal. Cornell realized late in the process that the 
reach of the crane ~ o u l d  put the long main beams into close 
proximit\ \tith the old lledical School Building during their 
crane flight. The direction of their span was changed during the 
construction p~ocess to minimize the extension lequired of the 
crane to rno\ e these 18-ton members at t he  eel enth and eigllth 
floors. B hile some patching n as ner essar! after placement. 
Smqthe irported that on their inspection toui the! noted that 
all piece< were vithin 3/8" of their 'theoretical' or d r a ~ n  
position. The large-t offset betueen adjacent pieces \$as in most 
cases within 1/16" - \ i r tua l l~  perfect g k e n  the state of the 
in dust^! and the confined site.-" 

Construction of the exterior mall. mechanical ysterns. and 
interior iitout continued through 1960. T h e  exigent nature of 
the  cladding led to concerns from LOF Glass regarding the 
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inktallation ot the lalge Aeetz 01 plate plash within .ut 11 a 
iccminpl! flag~le steel rnullion ssstern. Corlespondrnce he- 
tuecn Fare l l .  LOT and I\ahn'k office firiall~ .ettled the mattel. 
lecognizing the potential 1i.k of the unusual glazing \!*tern but 
lel!ir~g on korneridant's adlice to l e a s w  e the I n i ~ e r s l t ~ .  ' 
Otliel issues included the lalout  oi the rnechanical s!>tem* and 
the location of lal)olatot\ equipment. The filst i l o o ~  piping \\a\ 
~exie \+ed and h e a ~ i l j  criticized b j  I\ahn for its chaotic laout.  
and subsequent floors \+eie installed closer to the spilit of 
Dubin's original d l a ~ + i r i g s . ~ ~  While Iiahn xolunteered his 
sen  ices to <elect furnibhinp and equipment. the  reseal t h 
gloups b j  riou felt onneisllip of t h e i ~  spaces. and some 
decisions regarding furniture. lajout and occasionall! el en 
partitioning \\ere made ~t ithout the office"? appro1 al. 

The completion of the construction Itas fraught with fairl! 
t!pical last minute problems. llost glaringly" t h e  plate glass 
front doors in the front portico under tower B cracked 
repeatedly: follo~ting an inxestigation the handles wele rede- 
signed to ax oid stlessing tlie glass itself. with 12'- wide tranwrris 
running horizontall) acloss both doors. vhich were installed 
prior to  the building's dedication in RIa! 1960.:' Nore 
seriouslj. panes of glass in the laboldtorj ~ i n d o w s  cracked as 
\tell. leading to concerns as researchers settled in to the 
building. While Penn understaridabl! referred back to Libbe,- 
O\zens-Ford's concerns. the cause turned out to be  iniproper 
installation. Support blocks had been located incorrectl!. 
leading to pool balancing of the glass' weight. Additionall!. 
some panes had been clipped to permit clearance of improper11 
placed nuts. leading to intolerable stresses ~ i t h i n  the glass. 
Panes were replaced uhere required: houexer the  unsettling 
breakage incidents contributed to an overall u o r q  about the 
safetj and  stabilit~ of the building." 

In Januaq. 1961. George Turner. direct01 of Phjsical Plant 
Planning for the Lniversitj of Pennsjl\ariia. wrote to Kahn to 
express concern not onl) about the cracked glass. hut also 
regarding the 'unsatisfactorj operation' of the HTrlC ?\stern 
and. more ominously. about craclts that had apprdled in 
brichworlt at selrral locations." 4 number of researchers had 
conlplained about glare and heat gain during the u i n t e ~  
rnonths. These \+ere both blamed on the size and lajout of the 
plate glash \+indo\+s. Kahn had specified and d ravn  rxtelior 
screens. b l a d  in color. to cut do\+n on the quan t i t~  of .unlight 
passing through the south and nest facing i\indo~vs. and tlie 
stainless steel  nulli ions uere detailed to accept these screens. 
H o u e ~ e r  these \+ere neler installed. due to t h e  continued 
budget climate on the project. Glass in the c l e ~ e s t o ~  area under 
the qpandrel hearns had been tinted on the n e s t  arid south 
lacades - a decision Iialin regretted deepl! - howexer thi* naa 
not done on the large1 l o ~ e r  pane>. \ enetian blinds p o r e d  
unequal to the ta-1'. and jq - r igged  solutions persist to this daj 
to alleliate the heat gain. 

The cracltk in the brich~t orh 111 o\ etl c\ cn rnoir darnaping to tllr 
building's - and I\alln's - ~rputation at Penn. In 4ugust. 1901 
Penn forwardrd to I iahn and kornendant a leport frorn United 
Engineera and Constructors. a local contractor c.om~nissioned 
b~ the Lni\ersit\ to detail the lot7ationq of niasonn craclts and 
to suggest possihle causes and leinediations. " This report was 
done ~ i t h o u t  the design team Ijeing a a r e  of it. and it M A S  

discused at a predictablj heated meeting held in ldte Septem- 
ber. Lnited were. at the time. lobhing for a more cornprehen- 
s i ~ e  construction ~nanageinent contract on the second phase of 
tlie ploject- the so-called -'Biologj Building." non the God- 
dard laboratories. This f a i r l ~  ob~ ious  conflict of interest did not 
pass without comment b j  the design team. and while there was 
general agreement on the  methods for repair and remediation. 
there \+as no agreement on either the cause of the  cracking. or - - 
the motivations underljing the report.jP United maintained that 
the crachs were caused by differential settlement in the caissons 
underneath the stair to\\ ers. and the! presented e\ idence that 
the tolters were out of plumb and in danger of further 
settlenient. Iceast and Hood. along with Iiomendant. disputed 
this, presenting their o u n  measurenients that  contradicted 
those of Lnited. arid challenging their findings and purported 
causes. In the opinion of Iieast arid Hood. the  cracking had 
heen caused by thermal expansion of the frarne. on ~ h i c h  
certain portions of the stair to~ters had mistalienlq come to 
rest.'" hile this \\as absolute11 an error in both design 
tolerance and construction. it Itas nouhere near the selere 
scenario enkisioned b! Lnited. in nh i rh  it n a s  suggested that 
the stair toners might continue to settle to the point of rollapse. 
Smaller scale defects. including diagonal craclts in the poured 
concrete slab floors. were attributed b j  Iieast arid Hood to 
minor defects in design and coristruction - in this case to the 
unfortunate location of electrical conduit along the crack 
lines - and not to the gross negligence suggested b j  the tone of 
Lnited's report. 

\el  ertheless, the report achiex ed for United the discrediting of 
Iiahn. Komendant. and Iieast and Hood in the ejes of the 
Ln ive r s i t~~s  project managers. 4 simultaneous dispute about the 
l e ~ e l  of the foundations being pouled for the second phase was 
fueled bj  united"^ claim of structulal insufiiciencj in the 
Richards complex." lgainst  the orders of the  design team. 
\zork on the nmt building's foundation \\as halted for additional 
test borings. \\hich neithel Iiornendant nor Iieast and Hood telt 
were necessar). B! the middle of the month. Iialin had been 
made aware that Lnited's contlact \\it11 Penn rernoxed him 
from the standard position of authorit! on the Biolog project, 
replaced b j  llnited as Construction Managel. Despite a heartfelt 
and passionate letter written to Penn^c Business and Financial 
\ ice  President. the contract \tab not changed. and the simulta- 
neous proniotion of David Goddard to pro1 ost remol ed one of 
I<ahn'< greatest champions from dail\ contact with the build- 
ing." B j  December. Iiahn's protestation, almut the qualit) of 
concrete. the routing of shop drailings. and equipment selection 
\$ere routinel) ignored b! I nited. and the Biolog Building 
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proceeded vitliout tlie henefit of the office's heen o\crcigllt. 
'Vl-hile thiq \\as an intolerdl~le situation lo1 halni. to hii  great 
credit he ata! ed in close touch u ith the pi oject. The office 
continued to prolide design information at Cnited'i request foi 
the  duration. in prticular as t h e  I nix eraitr added a storj a i d  a 
half to the progiam in late 196%. 

The  resulting Biologj buildiiig thua caliieq on tlie thernes of the 
original. though some of it* shortcorning- preciqeh foregiound 
the  great talent of Kahn and h i s  office to ensure qualit! on site 
and to lebporid to construction issues \\ith designs that 
maintained theii original design intent under ne\z circum- 
stances. There are. of course, design elements of the Goddard 
Building that do riot libe up to t h e  articulation of Richardc - in 
particular the greatlj simplified precast -tructural s j s t en~  that 
eliminated the internal trussing and thut the articulate doun- 
stand on the building elexations. This simplification paralleled 
that of the oteiall massing. where a pass-through exit strateg 
eliminated the brick stair towers on each block in fa101 of a 
massile senice core at the far  western end of the complex. 
R hile air exhaust towers on t h e  south side carried on tlie 
s t ra teg  of the original. the absence of these defining elements 
on the north necessarilj leaxes the fa~ades of the later wing 
lacliing the sense of finel! knitted harmonj of the original. 
R here the Bioloo Building added to the Richards program. 
~ i t h  projecting carrels that demarcated the position of the 
librar! on the top tx\o floor,. there  is an added fussiness to the 
briclmorli and flashing details that falls short of the elegance 
found in the Richards huilding- though it is open to debate 
xzhether or not these would h a l e  passed niuster had Kahn 
retained contractual authority. The  quality of the poured-in- 
place concrete is noticeablj poorer in the new ning. demonstia- 
blj  due to the lack of architectural control alloved b! the 
c;ntract. Xhile ICahn was diplomatic to a fault regarding the 
outcorne of the Goddald Wing. the oftice did not produce - 
publicitj material on the later phase. and uhen asked to submit 
photographs of tlie two projects together Lahn inlariabl! 
selected images that radically foreshortened the later uorli." 
Infamousl~. I<ahii was not asked to \\ark at Penn again. and \+as 
noticeabl! not given the commission for the ne\\ Fine li-ts 
Building. no\\ \Ie!erson Hall. in 1965. 

Critical reaction to the Richards Building \\as o\eruhelming 
and. with at least one major dissenting 1 oice. enthusiastic. The 
project naa publithed in o ler  fift! international journals and 
magazines. ranging from Architectural Record to T ogle. \+hich 
used an irnage of Kahn with a model of the Richards' structure 
to highlight a 1961 article on the state 01 rriodeiri arthitec- 
ture.$- The appearance of the  building in such a range of 
outlets suggesta itq powerful allure. 1~0th as an architectural 
achiex enlent and as a popular icon that expressed the technical 
nature of huilding in a hjperactkel, wientiiic age. Kichalds 
had the good fortune to appear at a time \ \hen hig111~ seniced 
gant~? qtructure. at (.ape Canakeral neie constantl! in the 
press. perhaps priming the public f o ~  a Imilding that teaaed 

legildity out of the iequiiernerit~ ior structure. piping and 
cladding. 4 121c one-l~uildii~g slio~z at the \luseuni of \lodern 
I r t  i n  tlie .piing of I901 - piior to the cori t lo~ eri\ o\ el 
ciaclunp Init h - zealed I u h n  and Richards as eml~leinatic 
forces in the + e a c h  foi technicall\ deriled architectural for111 
arid aesthetic i. 

Two arial!ae> in particular addressed the . u n u ~ u a l  degree of 
interest" a r o u d  b! Kit hards. and pointed to it> challenging 
position as a palagon of teclinicallj expresshe design. riting 
in The Arch7tectural Retzelc in 1961, F illiam J o r d ~  sa\$ in 
Richards' planning and massing the stark juxtaposition of solid 
and void. or in his ~{ords  the -drama of being and noth- 
ingne~s . - '~  Describing the concrete. Jordy noted the lisual 
language of the rough, form-finished poured-in-place stairwells. 
presaging the stark finishes at the Salk. and their contrast with 
the 'smooth surtaces. sharp edges and precise tolerances' of the 
precast meml~ers.~"hat a third type of concrete. in the form of 
rnasonrj uniti that formed the  partitions. was a part of this 
material narrath e l\as proof for Jordj that a primarx function of 
the building'> fabric \+as in fact the 'fullest re~elation of its 
construction'. 1 hile acknouledging the  ell-documented fla\+s 
of the  building- inadequate sun control. the  potential for dust 
to collect on the exposed pipes and the lack of spatial claritj 
inside - Jordj suggested that the 'meticulous differentiation.' 
the "passionate logic' and the interest in not rnerely 'containing* 
but also in 'disclosing' ~ o u l d  niake Richards the 'most 
influential lmerican building' since the Mies trio of IIT. the 
Farnmorth House and 860-880 Lalie Shore Drixe. '.The 
ultimate challenge" of Richards. Jordj wrote. 

"...is nothing less than the fluid fusion and integration as 
an  entitj of what is here eviscerated.. .its archaic qualit! 
stems from the search for an  unaffected reconciliation of 
the  complex techno lo^ of the modern world 15ith the 
prinial elements of building. and these ~ i t h  the prinial 
human responses to s l~e l t e r . " '~~  

This vie\+. with uhich Kahn uas  understandablj pleased, \\as 
contrasted h! the criticism of Re!ner Banhain.-'" riting for the 
Reriezt a !ear after Jordj. Banhain began a file- non nth 
iridictnlent of contemporai-j architecture's technological short- 
comings b j  precisel! dissecting Kahn's '-problem of sen ices..'l- 
Comparing kahn's hierarchical disposition of serxed spates and 
the serxant 'hdrbors' piolided for pipea and duct>. Ranham 
found ICahn's approach to be a 'cruder' version of that proposed 
Ir! Corbuaiel in the Pal  7llo11 Suzsse. f lie re each element in the 
composition described a functional order of dormitoi?. circula- 
tion. and rneeting. Banhdni attached the functionalit! of kahn's 
solution. noting that the 'functional11 neutral' appioach of 
rnming the sta~hc outside of the laboratories was an incomplete 
articulation. \Iuch of the ductinp and piping still occulred in 
the core touer. aa hab been s l i o ~ n  ahole. making the external 
hrick toxtet? more of a gesture than a strictlj expresshe 
solution. noting that hunians and pipes both tool' up 4niilarl! 
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-caled and detailed to\\ers, Banha~n  noted the confucion 
pre-ented hq these ~nonurnental forms located x+itl~iri the 
\isuallj lighter precdat btructural cage. and finallx alighted on 
I\ahn's incomplete understanding of the mechanical s!stern a. 
the ultimate critique of the x + o r l ~ . ~ B e c a u s e  of their fixed but 
dist~ihuted nature. the-e s!stems must. Banham noted. be 
delixeied "l ia a permanent grid of ducts. pipes 01 %ires.' W hilc 
Kahn'q plan expressed t11r L el-tical distribution of these s e n  ice<. 
the ultimate question p o ~ e d  b! comparatilel! recent delelop- 
inentc in air and fluid supplj rnuit be 'in the first instance. a 
problem of the  section of the building.'" Richards \\as. il 
an!thing. a building concei\ed in plan-in fact there is no 
recorded publication of the or era11 building's section. Vuch  like 
the solution at  Jale.  Banham felt that Richards represented a 
"section/plan paladox' - a 'frank exposition* of tub are horizon- 
tall! distributed. but an .abhorrence" of their vertical expression 
and thus the  need for monumental brick 'harbors.' 

This nas. of course. part of a larger agenda on Banham-s part to 
moxe architecture ajla! from its monumental traditions touard 
a niore ephemeral conception of highlj serviced spaces for 
li\ ing. surrounded I)! an anon~mousl? coriceiled and (therefore 
according to Banhanl's logic) aestheticall! conlpelling servicing 
tissue."' Whereas Jo rd~  sa\\ in Richards a finelj honed balance 
betx+een past and present. monument and machine. Banharn 
bemoaned t h e  fact that I u h n  had not pushed past this balance 
and abandoned entirel! the mytholog of the architectural 
monument. -4s has been shown aboxe. this is hardly a fair 
criticism given the cost-driven exisceration of Iiahn's original 
ideas for the  more articulate air 'schnorkels.' It is difficult to 
Imow \\hat Banhanl nould hale  thought had the much more 
expresshe weavings of concrete and cla! pipes been built as 
originallj proposed. This sclie~ne. along nith the one-time 
rendering of the  Richards stair towers as c!lindrical elements. 
~ o u l d  surely have ameliorated Ban1iam"s major criticisms 
regarding legibility. Gken the histoq of the project this article 
must ha le  been extraordinaril? grating. but Kahn took Ban- 
ham's criticism nit11 good humor. He nexer addressed these 
issues publiclj. instead perhaps taking some cornfort in the  fact 
that Banhanl also noted that the then-current scheme for the 
Salk Institute seemed to be a step f'onzard in the sqnthesis of 
structure. s e n  ices arid architectural form." 

Barihani would eventuall! concede the global importance of 
Richards as a ~legitirnization' of the idea that senices could 
form the basis for architectural conceptualization. though he 
lernainrd critical of the lmilding's "beaux-arts cruditj" and its 
seerninglj nervous +tuffing ma! of aectheticallj compelling 
pipes and ducts into the "rnonumental  cupboard^."^ Homeler. 
\+hat is striking about Banham-s critique g i~er i  t he  actual 
hieton of the  building is that it explored onlj one aspect of the 
decign - the  organization of the senicec - ~ h i k  utterlj ignor- 
ing the structural and fdl~ricational ad~aric es occurling in such 
close proxirnitj to the duct~cork h a r b ~ r s : ~  H o u e ~ e r  one  might 
feel about the  app~opriatenes of: the duct towers - and 

Banham tcrtainl! admitted their influence on architect* as 
d i \ e l s  as 1 h i ~ h  Flanzen, Mike l c l h  and later Richald 
Rogeii -the\ occurred within a fa111 ir ot material and s ~ s t e m i  
innoxation that nas. at tlie time. un~natched. Richaids did not 
merel! plopose a nex+ (it. pace Banham. widel! dnticipatetl and 
occa~ionall! attempted) strategj for hou+ ductworh and 
pipes in an a~chitecturall! legible composition. It also explored 
the potentidl for a ne\+ and l a rge l~  untetied method of building 
prefabrication. and formed the  < e c o ~ ~ d  in a seiies of experi- 
ments b, Kahn that reconcei~ed the glass curtain mall as a 
tight]! stretched. minutelj detailed surface as refined and 
distilled as an! contemporary experiment b j  Mes. Bunshaft. 
etc. The building's technical multilalence. its appeal to a uide 
range of intereqts in building assemblj and performance. \\as its 
primal? importance. not - as Banhani seems to ha le  suggest- 
ed - the mere fact of its solution to the problems of ductuorh"s 
proper position in the h i l t  hierarch\ of a laborato~?. 

This sense of exploration occurred on several different fronts. 
and the challenges of the building's 'precisionist' ideals in its 
expressed logic and pithj detailing seem thus to ha1 e been the 
defining conditions of Richards" conception and reception. The 
intensit! of praise from Jordy. among others. suggests that the 
tortuous process of the design's execution. its struggles against 
cost arid technical hurdles, nexertheless led to a \$orb of 
supreme legibilitj and craft. as the 'precise' nature of its 
assemblj mirrored the sharp logic of the  design"^ genesis. The 
realization that an integrated approach to the uide varietj of 
problems posed could create. out of d tangle of initial. often 
changing requirements and needs. a I~uilding of such rexealed 
claritj ma:, in fact ha le  been Richards' greatest achiexernent. 
For vhile the building spawned a number of outright imita- 
tions. many on Penn's campus. its pristinely expressed sense of 
order and orchestration can be seen in the work of a 
subsequent generation of architects ~ h o  uere  at an inipression- 
able point in their careers a t  the time. In particular. the l a l e  
thesis project done jointly bq Richard Rogers and \orman 
Foster in 1961 sho\\s direct affinities to the partz and the 
handling of 1 ertical s en  ice runs in Richards. an influence since 
ackno~ledged by both." Likewise. Renzo Piano's brief tenure 
in Iiahn's oftice in the late 1960s nas an undeniable influence 
if not. in Peter Buchanan's termi. 'architecturall!,' then 
certainlq in the more important .creating the  right conditions 
and disciplines' that \ + o d d  allox4 tlie successful integration of - -. 
sen  ices. structure and s! stems in his future M orh. 

Richards marked a turning point in hdhn^s later career. as the 
intensit\ of technical experimentation in his later x+orlts May 
increasingl! tempered u i th  a concern for the rnonuniental 
alread! distinctive in Richards. \ hile the Salk Institute and the 
I<imbell 4rt lIuseurri in particular eniploq ed innox atix e solu- 
tions to mechanical. structural and construr.tiona1 issues. 
neither project pushed the en1 elope of a1 ailable technolog! in 
as man\ directions as Richards had. From the point of rieu of 
the researchers and clients. this exploration ma! have seemed 
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pule li1111ii-. a- t h c v  ad\  ante .  o rcu l led  \\hlle ha.]( peifol- 
inant e e.ir~ettation- oi lal)oratoi? l~uildirig* \cele lctt  inm met. 

Ho\\t=\el. a* a phi11 accounting of t h e  design and c o ~ ~ i t i u c t i o n  
pioc e s s e ~  ha1 e fhown. t h e  Lnix el sit) hole  borne responsildit!. 
in particulal foi t h e  111oht t omniori complau~t i  regalding solai 
gain a n d  glare i n  the  \\eft-facing studio5 arid t h e  maze-liLe 
~ l i a ~ a c t e i  of the  iriteriols. T h a t  I\ahn'a reach ma! h a l e  slightl! 
exceeded hi* own g1a.p a n d  t h a t  of his clients i-  a fact 
nioderated 111 t h e  ext~aordinal!. neail! Ilawless technical 
successeb that ~ o u l d  folio\+ Richard? in La Jolla and Fort 
Q oltll. arid Ir! t h e  cont ir~ued usage of the huildir~g toda). fort! 
\ears aftei its completion. In  reaching fol the precisionist goals 
of perfect tolerance. ultimate flexibilit! and aesthetic refine- 
ment. Richards n a s  undoubtedl) doomed to fall shoi-t. T h a t  it 

arril-etl s o  CIOPC to its ideala. a n d  that it did s o  I,!. trar1~1'11rrriiri~ 
sur11 ordinar! ~natcrials into a \cell integrated 8 l eg i l~ lc  \thole. 
remains a po\vc~~ful indictment of' Icss rigorously ( - o n c e i d  
arcliitecture. laborator! and otherwise. S u c h  architectural 
adwntur i sm has alwa!s found  clients that may . shs- . awa!- and 
critics tha t  ma! vish f'or further insight. Rut  t h e  debate  that it 
inspired a n d  the legi011s 01' designers \vho sought t o  learn f'lwn 

its example makc Richards - f'or all  its wel l-docu~nented flaws - 
among t h e  most influential 01' Kahn's ~vorks.  T h e  precision of' 
its execution and the richness of' its conception conl l ined at 
once to define and transcend t h e  tenets of t h e  .'Precisionist 
Strain."" hinting at a synthesis between technique a n d  experi- 
ence tha t  nearly two generations later remains a n  elusive 
though inspiring p a l .  
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Fig. 3. Prrliininarv scheme fhr J ~ P  torcers. showing addi/ir.r Jlues tlrn~oustruting l og i~ ,  i /  e.u/zoust stuch-a. 77is sthrnrr w s  irbaizdolard ( 1 9  costs brcnine u n  
i w ~ e  c~nd-~irorr i~nporlr~nt/\.. 11s the e.r1m1~sl d e n w  c h u n p i  to i ~ z c o r ~ ~ o r u l ~ ~  inuj0r rel-/icul t1711lki1~g in the ( O W  t o l ~ w .  ( C ~ p ~ i g I l t  1977. Louis I. ICah11 
(. 'ol/rctio~~. l,iliwnit\. q/' P rnncv l rc~~~ ia  Historical and  Ihiw~rni C:o~nmission) 
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KOTES 

1 1.. rncent Sc1111!. T h e  Precisionist Strairt." 4rt In lmrricir \ill. 18. IIO. 3. 1000. 
46-53, 

' \ i n r en t  Scdl!. '.The Precisir~nist Strain." 40. 17. IY. 

" .. ... i n  the futnre. such trerrwncloua cranes \\ill characterize our r~~nat ruc t ion  
sites." It i> intriguing to compare thia experience \\ith t h e  \ \ell-ktl~~\rn quote 
about t h r  crane on  the job& tha t  Ira& this paper. i ugus t  I<onrrndant. 111- 
18 lec1r.5 with -1rchirrct Louis I. Kuhrr. 5. 

"L,II< U r a \ \ i y  DD-118. 11. d.. ca. 22 Sul!, l'L57 in Folder 400.~10l. the LIIi 
h i h i \  es 

LIIi  Draving D1)-113. 11. (1.. ca. 22 Jul!. 1957 in Folder l')O.tllll. the LIli  

Aug11.t lxo~nenddnt 111 18 )er r5  rrlth Irch~tect LOUIS 1 hohn. 10. 

" Ll I i  I ) ra \ \ny  L)L)-50. n d.. cd. qeptenlher 1957. Folder 19O.OOJ. the LIR 

I Herbert  I,. Smith. Jr.. etl. Uui ld inp  Jor Rc~rui-r ,h:  411 .,irchirecturrd Recold 
Book. (Yeu ork: F. R .  1)ntlgr. 19,itI). 17:3-178. 

'' This  dr>cril1tion is h s r d  on a rerieu of korrler~dant'a structrlral dra\\ings for 
t he  p r ~ i u . t .  co~~tdinet l  i t t  Folder 4911.11110 in the Ll l i  I r i , l l i \e> .  1 <~n.priiingl! 
clear sunlrrla? ot thr  structural =clietiw \\a; offrrrtl 11! Rrll~rrt RI. Pricr. 
Illspector for the Lit! ol' Phila~lelphia. in h i  rrport  of i ugu - t  IOiO. q~ to t rd  
11eI o\\ .  

'' T h r  m1111ir111 s!stern at I (~~,har t lb  fnllo\\rtl troni experiment. in l~r , t l , r -d~al~r( l  
atailllr>s srwl r nu l l i o~~>  at tllr ~AFL 111dding ill c1i1~+11tou11 ~ ' l ~ i l a ~ l r l ~ ~ t i i a .  Thi> 
ay>tem \ \a r  lurther tlv\rlopt.d for tlir SalL Ind i t t~ t e  and  t l ~ r  lxi~uhrll kt 
\ I r ~ s r ~ ~ r n .  I l r a u i q  ~1-78 dated hlarclr 1. 1000 i11 folclr~r 0 ~ 3 0 . 1 . ~ . . 4 ~ ~ 0 . 0 0 ~ ~  in thy 
LTk i n  l ~ i ~ r . .  

'' .'I sirlp thew [other depar tmen~r ' ]  plans ab examples plcasr la! out your own 
quartrrs nu the barant  half of flonr 5B as indi~,atcd in  the  1 / 2 "  scalr drawing. 
'Shr pdrtition> should al\ra!> fall irnmediatrl! under a 11eam. hence t h e  
pattrrn of beams o\er l lead  is faintl! indicated O I I  the plan." 'l'lionra~ 1 reeland 
(L1K rlffiw) letter t o  Dr.  l'heo(lore I r ~ + ~ l l i .  15 S o \ .  1957. Box LIK-9. 

+ I (  rrlt for Iledir.al I "  Lrttrr  from LIh: to Dr. Sorrnan H. Topping. \ i c e  Pre,' I 
iffairs. [~ni\rmit!  of Penn~!l\auia. 20  Dec. 1057. Box LIP-0. 

Iy "\lertirtg of the Planning Committee, 11  Septeml~er. 1058." Box LIK-25. 
.'\ltrr(l Nr\+tun Richards RIedical Research Laborator!. Lni~ersit! of 
Pennc!l\a~lia." 

"" ..'J'lle ele\ation 01' t h e  buildillg itidicates that the windows ha l e  increasing 
height. t r im thr  center to the out-ide corner. Mr. l i ahn  agreed to endealor  t o  
\+r~rk out the rle\ation no t l~a t  thr t u o  inner \\indows would be the  s ame  
height r\ ith the outer of greater hriglit." "\lreting of the  Planning (:r~nlmitter, 
11 .Se l~ t~~nLr r .  10.58.'' Box LlK-25. " U f r r ~ l  Ur\\ ton Ri~.hard> RJetlical 
Kewarch Laboratory, Ln i~ r r i i t !  of' Pentls!l\ania." 

" Pl~otograyh taken 1 D e r e ~ n h r r  1058. LIIi Cat. T o .  -1YO/E;1:! Xp.1. 
22 iugu3t ko i r~ rn t l an t  JI?. 18 Imr\ u ~ / h  .4r(,hitr~r Louis I. Kahn. (Ey l e \+ond :  

.Uora!. 1975). 

23 hand! - Srn!tllr-. chief engineer. itiantic Prrcast ( h p .  Untitled paper [deli\-- 
r r rd  to thc Precast Concrete I ~ ~ ~ t i t u t e .  ca. lOh2j. C [ I ~ I >  in  Box 8. tlir -\ltgu-t E. 
Knrnlmtlant i rchi \es ,  Thc l ~li\rrrit! of Penr~s!I\ania Irchitect~rral  4rchivrs.  

'' i an~ l !  Sm!the. l inti t led paper. 

'?In undated chart f r om - \ t l ~ r ~ t i ~ ~  in Box lL11i-2.5 of tllr I~niirrsit!  of 
Penn.!l\drlia -\rc.lli\es details the start and r r d  tiate- for frame erection. i n  
atlrlition to the time requirrd to cast the \arious pieces. 

'i, ..r . I lrr prugrtw on t he  job  ha?  h e l l  extremel! di5ippnirltirlg. It ha; takrn  t h r ee  
n r e L  to r r rc t  three floors. \ \ h i (h  means that it there is 1111 inrprmcrnrnt. w e  
are p i l l ;  to t ~ r  r r rc t ing  prwa-t ~ .oncre t r   inti^ t11r m d  of October .... I n  t h e  
t h r r  \ \rrl<- !nu h a t e  11erl1 on the ,job there ha; been n o  i n i p r r ~ \ - e ~ r ~ r ~ i t  i n  
n~etl~orl. r ~ r  ii111r in t h e  er rc t i~ tg  of raclr of tlic t h r r r  floors \\hich are done." 
. I r~ . r~~l i  H. F'arrrll. letter to iantl! S~n!tlir. Itiantir. T'rrcait Conrl~dn!. l h  J u n e  
IYiY. Cop! in Box L11i-25. "i l lred \ e \ \ t o~ i  Iiichard? 4lrdiral Krsrarch  
I.al~ordti~r!. 1 nilerii ty of' Per~~t~!l\arlia." Thi? col~! ic markril i t 1  prncil "slro\r 
to L~I I I . "  

'' I )a i l \  wport.: mi tlu: ~ ~ m s t r ~ r ~ . t i ~ m  . rquenw filrrl II! I 'Lw~nai Lriiligh of Iieast  
arl l l ' i~ood arc, c o ~ ~ t a i n e d  i n  Uo, LIh-25. ..-llfrrd Ne\\trm Kir ilarils \ l r&cal  
Ilr~,rar~~li  Lahr~ratai?-. Irri\rr>it! of Pellnr!l\ar~ia." in t l ~ r  L,oui> k a h n  
br,t~i\ t.5. 

28 \Idr.lrr~ll Rlr!rr. ~ .dpture i l  t l ~ v  mwhal~isti i  nature of' the  prows> in photogxi- 

l l l l !  111 tltr 1 1 r o r . 1 ~ ~  ~ ~ r o \ i d r -  a dvor rcr,ord oi tllr extraorciinar! coordination 
r r r j ~ ~ i r r ~ i .  I art1 gratrtul  t o  \\iIliam Rhi tahrr  o f t he  -\rr~hitectural h h i \ e s  a t  
tilt, [ r ~ i \ r r i i ~ !  r ~ t  Penns!l\ania fur a l l o \ \ i ~ ~ g  rur awess  to. antl guicli~l; t n e  
tllrorlgl~. \Ir!eri' extraurrlinar! ~~l ro tographc  

Y Lrld! hrrt!tl~r. I ntitled pa111~r 
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'" \\ ~ l l i a n ~  5. D J I I I ~ I L  I . i l ~ l ~ ~ ~ ! - O \ \ ~ ~ ~ i ~ - l ' o r ~ l  (;lil-\ ( : O I I I ~ I ~ I I ! .  I C I I , , ~  to 'I I I O S I I ~ I .  L. 
l\t~ll!. liir~x- ' I ' u ~ I I I , ~  (;la>- (:<I. 2 0  \li~!, 10.50: l l ' ~ I ) g ~ ~ n ~ l .  I ,Ik ufl'i~r 
l ( ~ t t ~ , r  tu . I O ~ I , I J ~ I  I{. l.'itrrvll. I > \  ,111111, IY50. in Do\ l,Il\-?J. ~ "4 l l ' r 1~ l  hr\\1011 
l i i ~ ~ l ~ a r d s  \ l ,di( ,al  l:v>ei~rcl~ L a l ~ ~ r a t ~ ~ r ! .  I ni\t>r>~t! ( 1 1  P r s ~ ~ ~ s ! l \ a r ~ i ~ ~ , ' ~  11~11- 
~ I I I I I ! ' >  11%1,r wnirnarizct t l ir  crisi>. I O I I I  1111lit1g that "'1'111, f r an~es  arv 1)Ir11t! 
drorig e,r~nt~gli to takv t11r a >  outlir~rd ... \ \ I ~  thi111, that it I. l ~ ~ ~ r e l !  a 
> ~ ~ l ~ t e r l ~ ~ g r  1111 tlir part nf t he  g1azi r r~  111 p ro t~ , r t  tIitm.d\e> aga~~ i s t  ~ I I !  

d ,~ i~ i ,~g r  that I I I ~ \  oc(,11r t c ~  tI11. $Id**." 

'' \\ c~l t r r  5trir1In-III 11. Jobrp11 K. Farrell (;<I.. lrtter to Llk. 2 0  lnl! IYOO. Box 
LII\-2.?. % l f r c d  Nr\\tr111 Kichartls Rlrtli~.,~l lie-earr~h Lal~orator!. Iri;\ersit! oi 
I ' r r~n~! l \ a~~ i a . "  Thi l  cop! i -  annotated in ~ ~ e r ~ c i l .  "RIr. 1-arrrll. Sr. iz tal.isq 
care of front doorb \ritlrout cost t o  Ln i \ .  IJr architect." suggesting that relations 
rr~llained corclial t h r r~ugh~ ,u t  t lw tnrnultuous clobc of tlir p1~1er t .  

13 -1 am becoming irl~,reasingl! concerned dhout t he  ~,irr ,u~iistancrs of the 4.T. 

Rir,harrk RIedical Research Building as rrported to !ou h! Dr. N ha!nv. Thic . . 
create; a serious risk to the lixes o t  marl! prople. There must b e  some \\a! in 
\ \ l i i ~ , l~  t he  \\.indoxs conld be fur ther  strengthened." L)r. 1 . 5  Kadvin. AIL) lettrr 
to Georgr Turner. I n k .  of Penni!l\ania. 23 Iar~udr! 1061. BOX LIh-25. 
.'Ufrrd Newtori Richards Rledical Kesearrh Lahtrator!. In i~ers i t !  of 
Penns>l\ariia." 

"' "There are  a nunlbrr of ~riajor prohlems run~,ern i r~g the bt~ilding. In dtldition 
to the unsatisfacton oprratiori of the l~ ia t ing  $!>tern a d  cracliirig of the 
I,rirIz~orl< at  several lora t ions  there  is much corIwru about the sizr of the 
uindu\\s. 1 attach a copy of a letter f r o ~ r ~  Dr. Kadvirl." George H. Turner. 
T)irrctor ol'Ph!si1~al Plant Planr~iug. Ini\ers;t! of Penn.!l\ar~ia, letter to LIk. 
.it1 lanuar! 1061. Box L I k 2 5 .  " l l f red  \ r u ton  Kkhardb 5Iedical Research 
Lallorator!. I nixrrsit! of Perins?l\ ania." 

I' John I). Homestrad. Homestead Alunrinum W i n d m  Crrp., letter to LlK. 14 
Oct 1c).5Y. Box Llli-2.5. "Ufrrd Newton Rirl~ards \lerliidl Resrarrh Laborator 
?. 1-1ii\crsit! of Penris!l\auia." This  lrtter accompa~iirrl shop dra\\ iup. iur 
..l\oolslsade" brand screerss on  \ ertical slidera. Tt i r  '.l\oolal~ade" brand \\a> a 
hlacli screen that purportrd to cut  glarr a d  solar gain uil tlrr exterior of glass 
\\indo\+s. T h e  uirido\\ detail as built at Ri~,lrards cor~tair~. space in the upper 
arlrl h e r  transom.; for these screens. \\llich Herr ne\er installed. 5outl1- 
facing \ \ ~ I I ~ I ~ \ \ P  Ion the B i o l o ~  BuilCLIng. I i o~eve r .  do h a l e  black. glare- 
reriu~~irig rcr r rns  m o m t e d  within their ctainless sterl mullions. 

'36 ..-it 1-arious times isi the past He h a \ e  mentir~rrrd to you and members of !our 

itaff the fact that certain strur,tural tlarriapr has taLerl lllace in  t h r  Ki<.hartls 
Rletlicdl Re3earcll Building. and it ib rn! ~lnderstanding that last spring !IJU 

and !our associates bisited the  building to incpect thr damage.. . . \ \e derided 
that a further stud! would b e  helpful arid a(~cordinpl! He emplo!rd tlrr 
e ~ ~ @ r e r i n g  firm of Vnited Engineer* a1111 Cos~&rwt~~rs.  In<,.. to make this 
stud!. Tlie! ha \ e  submitted a report  dated I y u s t  25. 1901. a cop! 01 \\hich I 
enr.losr herrwitll." I-Jrnr! Pemhertor~. Buiir~t!>~ and Finaricial \ ice I'rrri~lr~it. 
Lmrii\erait! of Prsrna!l\anio. letter to L11\. 29 4ugust 1001. Box LIK-2.5. 
.'\Ifred Nenton Hi(.har~lb Rledical Kebearch Lahwator!. Ini\ersit! of 
Prnns!l\ania." The  report. itself \+as for\+arrl~ad to George Turner. Construc- 
tion Enpinrer for thr  I ~ii\ercit! of Pcnni!l\ania, or1 2.; 4ugnst I06 I .  a copy 
of which is in Box LIh-2.5 of t he  LIK 4rr.hiles. 

" Rlinntrs of rnr~,tirip he111 28 Sept 1061  to di>cu*c thr Heport of htrwtural 
Ohrnat ior l s .  4ltrr1l Nr\\ ton Richartls Rlrtli~,al Research Laborator!. I ~ i i l e r -  
>II! of Penr~s!l\artia." Cop! in Box L11\-22. "Binlo&? Building. I~n i~c r s i t !  of 
l'~>sir~s!l\ ania.'. 

- I T ( ,  tn huild up huf'i 'i~,iv~~t stres* to must. cra~.liinp ..." l.t,tter from1 Thi~nias 
Leidigh to Llk. Jatiuar! 23. 1961. Box LII\-25. 

10 .. . >ot111. ; ~ ~ w i i i t r < ~ t ~  ~rdiri themael\ r-b f ron~ ( ~ l ~ i l d h r ~ ~ ~ i l  for t h r  sidtnrr asd  duti~.: 111 
tll'ir l~ruiv.ainr~. Tlirsr, tiutie. itcnl from a serlst> of s e n  i w  to tliv i ~ ~ s t i t u t i ~ ~ t i ~  
of mall ill thc building of beantiful an11 i ~ ~ - p i r i ~ ~ p  i 1 1 a ~ ~ e ~  to l i \e  to Icarri arul to 
\\orI, i t 1  ... 11 i? r*.rs~tial that fi111 rrsp~~nsiloilit! uf cIc,iig~~ dlid wpe,r\isicn~ 111 

altrred state. 

..W e h a ~ r  no  interior shot* of thr  Kiolop! Building." LII<. letter to (;. E. 
Kidder Smith. 2 \larch 1065. Box LIK-SO. .‘blaster File." T h e  Llli IrrIii\es. 
h r i n p  1 Yhi, Kahn's of5c.e routinel! replied to requests for publicit! material 
ori the Binlog- Ruilding n i t h  terpr 3tatementl to this effect. On 5 4ugust 
1065. Carlos \-allhonrat \+rote to James Rlarston Fitch on  kahn'p hehalf. 
supgratir~g that a 'long photograph of t h r  Ridlards  RIedical Kesearrh 
Laborator! and Biolog! Building togcthcr" was Iiahn'i  prrferrrd image ot tlit, 
group. 

.-$re 'lou Illiterate 4lmut Rlodem bc.hitrctnreY" l ~ o p ~ .  1.5 Srptrmher 1%1. 
Ser  also "Form E \ ~ ~ l i e a  Function." Time. L.\;XV. no. 23. 6 Snnr. I YhO: 76. Ada 
Lo&? Hur;taI~lr. "In Phila~lrlpliia. AII I r c l l i t r c~"  The .\;.LC I d  Times. 1 1  
June  1061. and. o\er?ra>. .lame. Raker. .'The American 4rgurnr11t." The 
C h r d i n l ~  (Rlanchestrr). 3 Jul! 1961. The  -\rrhiter,tnral $r rh i \ r s  at the 
I;ni\ersit\ of Per~ri~!h-ania has re~.oriL of o \ e r  250 citation, of thr  buildirq in 
the  101~1. natlorrai dnd ~n t e rnd t~ona l  prrss 

13 F-illiam Jordy. "Criticism: RIediral Rr5earc.h Building for Prnr~s!l\ania 
[nixerrit! Isic]. Philadellhia." The .4l-(~hitectwul RI?I'ZP~C. Frb.. lY61. lO(l. 

'"illiarn Jord!. '.Criticism: Rledical Kesarc.11 Building for Penns!l\a~iia 
L~~i\ersit!  [sic]. Philadelphia." 104. 

" \illiam Jortly. 'Giticiern: hlrriical Resxircli Building for Penns!l\ania 
I r i i ~  rrbit! [sic]. Pl~ilatlelphia." 1 Oh. 

'' LIIi letter to Tl'illian~ Jorti!. 21  Oct. lYhl.  Folder - "\Iaster File ltI/PlOl to 
I2/3 1 /(]I". Box 9. thr  Louis I. Iiahn I rchiwr .  I uix ersit! of Pennc!l\ ania. 

" Re!ner Kanham. '.On Trial 1 :  The  Situation. \ h a t  Architecture of Trchnolo- .-.. 
! Thr .4rchitecturai Rrrieu:. \ol. 131. no. 780. Februan.  1'262. 

18 T h a t  it cnrnrs to is thi*: Kahn ha. dramatized t he  fact that hi> build in^ ic c 

rnr(~liani~~all! s e r \ i r ~ l ,  but h e  seems to h r  prett! insensitixe to the naturr and 
functior~s uf thole senices  ..." R q n e r  Banham: '-(In Trial 2: Louis hahn. 
'She Butter!-Hatrk irsthetir ." Thr .-lrchrtrcturul Reuierr.. \ ~o lumr  131. nr~. 
781. hldrrt1 1062. 205. 

ibid,. 200. 

''I Ke\rirr Ranham. ' \ toclztak~~~g." Thr -I~thr/rrturcrl RPI  1 ~ 1 4  127. F~hr i ldr \  
1000. 03-100. 

" '.Kutti.r\-hiitch" i? a ref r reuw to butler's cahi~wts  in  p u b l i ~ ,  bcl~ool rr;ideriw. 
and irou~itr! honars into \\hicli platrc are I J U ~  alter a meal. or d vabir~et is1 

u l~ ic l r  liquor is hirldcn. a r e f ~ v n c e  that is ot vunr i r  lo-t ~ I I I  ail h n r r i ~ a l i  
au~I i rn(v .  

- ,  
" I ~ I > ! I I ' ~  Ranham. Thr -Irc,hitc~t~rrr of the R ~ I I - T r ~ i ~ p r r r ~ i  E n ~ i r ~ n l n r i ~ t  

i ( ;h iug~i :  T nix ersit! uf Chicago F'rea>. 1069). 2 5 6 - 5 5 .  
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