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The tq ica l  case study in architectural discourse provides studeilts 
with a limited exposure to the architectural work. through drarr- 
ings. photos. ~iritten description. anal!-sis and represeiltatiollal 
models. The case studies collducted b!- my students over the last 
three years in a course entitled Constructioi~ Principles provitletl 
the students ~vith an opportunity to uilderstaild the chosen build- 
ings through the constructive, or reconstructive. process. Tlirough 
a hands-oil approach to the case study the studellts were able to 
participate in a broader discussion of architecture as it relates to 
tectonics. techilology and the history of constn~ction. Because of 
the inhereilt teilsioii betwee11 interior and exterior. as well as the 
technological developllleilts that occurred in the twentieth cen- 
tury; the case studies focused on aspects of coilstructioil relating to 
enclosure. 

Constn~ction Principles. a course offered in the secolld year of a 
professioilal five !-ear architectural program. provides students ~r i th  
their first approach to the integratioil of concepts of technology 
and histon as the!- relate to architecture as well as their first formal 
educatioilal esperieilce with full-scale construction. The course is 
taught h!- myself, an architecture professor. together rrith the school's 
~sood shop supervisor. The methodology of the course promotes an 
understaildiilg of the histol?- of tools. inaterials and constmction 
methods through a format of lectures and lah work, culilliilatiilg ill 
the full-scale constructioil of an architectural detail. Fundamental 
to the course is the helief that architectural eclucatioil illust pro- 
vide ways for studeilts to experience the act of 1,uildiag and thillk 
ahout the techizological questioils of building as part of the design 
process. The case study methodolog!- is used as wa!- to bring an 
uilderstanding of n-a!- that architects have approached these issues 
throughout time. 

tech11olog~--- the bodJ- of kiloit-ledge ar-ailable to a cir-ilizatio~l 
that is of use i r ~  fashiol~ii~g in~plemel~ts. prac t ic i~~g ~llailual arts 
a11d skills. a i d  estractillg or collectillg materials // Greek - 
tekhilologia. sj~steiuatic treatnlellt of all art or craft: tekhr~e, 
sliill N teks - to ic-ear-e. to fabricate. especiallr- using all axe 

Our approach to and understanding of tecl~nology is framed through 
the above clefinitioi~ as well as Heidegger's essa!; "The Question 
Coilceriling Technology.'-." Ail uilderstalldiiig of technology is fun- 
damental to the making of architecture. as ~vell as man>- other ap- 
plied arts. .Irchitectural education inevitahl!- addresses tecliiio- 
logical issues directl!. and iildirrctl!- through courses in structures. 
inaterials and methods. il~echailical s!-steins. histor!-/theor!- and 
design. Unfhrtunatel!; the more specific idea of "tectonic." or the 
art of const~x~ction. gets lost in the coilsideratioil of technology as a 
purely practical and praginatic issue. *Is Iienileth Frampton poi~lts 
out in Studies in Tectonic Culture. architecture in its built form is 
one of the most powerful indicators of our culture and spiritualit!. 
as hua~ails. Therefore. it is imperative for architectural educatioil 
to begin to address the \va!-s of nlakiilg buildings directly. tl~rough 
phyical contact with actual building nlaterials and processes. in 
order to develop architects trained in Tvays of thiilking about the 
act of construction. 

In choosing to investigate a building at full-scale one must imme- 
tliate1:- begin to 11one in on the essence of the huildiilg to capture a 
single. a~eaningful moment. I11 looking for that momellt we were 
i~lforined and influenced h!- the histor!- of architecture and archi- 
tectural theory. As early as 1851 Gottfried Semper, in The Four 
Eleilleilts of hrcliitecture. identifies enclosure as one of the four 
defiiliilg elements of architecture. He elahorates a histolr of the 
wall-fitter or wear el- as the first architect. Rk return to the ahove 
etymological root of technologq- in teks, meaning to weave. He goes 
on to theorize a histor! of architecture in ~vhich the wall hears the 
symbolic and physical markings of culture though its e\ecution 
and decoration. 

Kith the advent of the Industrial Revolution and the eillergellce of 
nex techilologies and materials. architects began to rethink the 
wall as enclosure and develop a paradigm which was intimatelq- 
bound to construction. &:alter Gropius speculates in The New Ar- 
chitecture and The Bauhaus that the nature of the wall will iizevi- 
tabl!- change based 011 the einergence of new building techaolo- 
gies. pai-ticular1~- glass. He argues that standardization and ratio- 
ilalization in structure and collstruction will bring a llew architec- 
ture and a lieu- culture. He uses this theon as a basis for his radical 
approach to architectural education in the Bauhaus. Arguing for 
the necessity of practical, hands-on education as well as intellec- 



tual education. Gropius hoped to graduate architects that I\-oultl l ~ e  
capa l~ le  of espressiilg the cultural ant1 teclinological shifts ~vliicli 
occurretl as  a result of the Illdustrial Revolution. 

-4s Gropius predicted. tlie walls we make ha\-e untlergone a dra- 
matic change. And as Le Corbusier noted ahovc. much of the his- 
tor!- of architecture is still related to the wa!- that Tie mediate the 
relationship bet~i.een interior and exterior. This shift is evident in 
the lilaterials and tech~liques I\-e use to coilstruct our 1)uildiilgs atid 
reflects deeper cl-~a~lges in our uilderstailtling of culture. space and 
theor\-. The modern movement in architecture was ahle to pro\-itle 
entirel!- ilelr definitions of space ant1 enclosure T\-hich allo~ietl  the 
wall to l~ecome fi-re of ornament. st?-le and even function. Enclo- 
sures continue to define ho~v  we view the del-elopinent of architec- 
ture ant1 our evolutioiian progress as  architects. Thus. it hecame 
inescapable tliat the case studies lye conduct shoultl focus on the 
wall. This decision in turn affected the tle.i,eloprnent of the course 
content leading up to the construction of the case studies. 

c.o~lstnlct(r-): -ed. iilg.sl. to forin IF- a s s e i ~ i h l i ~ ~ g ~ ~ a i ? ~ :  build. 2. 
to create (ail a rg~~i l i rn t  or sentence. for esanlple) h!- sr-stea~ati- 
callr- a r ra i~g i~ ig  ideas or ternls (11): 1. s o i ~ ~ e t h i i ~ p  for111ecl or 
coi~structecl fro111 parts. 2.a. a coilcej~t. ~i lodel  or scheil~atir idea. 
11. a coilcrete inlage or idea . the latill root is ster - i n e a ~ l i l ~ p  to 
pile up 

co~istructioil: 1.a. the act orproceci of co~istructi~lg. I). the art. 
tratle. or n-ork ofbuilding. 2.a. a structurc. such as a buildii~g. 
frai~leirork oril~orlel 11. s o ~ ~ ~ e t h i i l ~ f a s h i o n e d  or c1e1-ised s~stei l l -  
aticall!: c. ail artistic c0111positioil us i~ ig  I-arious nlaterials: ail 
asse~nhlage or collage. 3. the way ill 11-hick something is built or 
pu t  together 

priilciple: 1. a hasic truth. lan- or assun~pt io~l .  2.a. a rule or 
staiiclarrl. especially ofgootl hehar-ior. h. the collecti1-it!- of illoral 
or ethical staildards orjurlg~aeilt:: 3. a fixed orprerleternliiled 
polic?- or mode of action 4. a 11asic or esseiltial qualit!- or 
eleizle~lt deter~niili~lg i~~t r i i l s ic  ~iature or characteristic. heliar-ior 
5. a rule or lart- coi~cerni~lg the f u i ~ c t i o i ~ i i ~ g  of ilatural phe~loni- 
ella or n~echa~~icalprocesses  

-4s stated previousl!; the course was developed as  an experiment in 
a "hands-on" leariling approach. This attitude developed as  a 
reaction to the oft-heard complaint from recent architectural school 
graduates that their training and education in school did not pre- 
pare them for tlie '.real ~vorld" of schedules a a d  construction docu- 
melitation. Man!- architects practice architecture as a primarily 
cerebral exercise. rarel!- finding a n  opportunity to actuall!. partici- 
pate ill the pllysical act of constructing the edifices the!- spend 
months and sometimes years drafting. editing and re-drafting. Of 
course. it is eas!- to rationalize wh!- this has  happelled and one can 
o111y speculate that as infomlation technology beconies faster and 
more powerful. tliat the architect will become yet f ~ ~ r t h e r  removed 
from the construction process. As Edwartl Fort1 has statetl in 
Details of RIotler~~ .4rchitecture, tlie evolut ional~ loss of the craft of 
architecture is a colllplex series of events. 110 one lilore to blame 
than the others. \-et lie goes on to say that the architects from 
l~istoi?- ~rlioin we agree have contributed the most to tlie stud? of 

form and design. have all also had a n  implicit or esplicit philoso- 
p11~- of buildillg as well. such a s  h'fies van der Rohe and Frank Llo!-d 
Qriglit. Tte learn not onl!- from their successes. hut their failures as  
well. For instancae. lse stud>- the inconsistent results R.RI. Schiildler 
acl~ievetl ~r l len tr!-ing to 111is local sailtl with Pol-tland cement for 
the concrete in his Puel~lo Rillera project in 1,a Jvlla. California. 

Priilciples of construction were illvestigatetl through the course in 
lectures. demonstrations and la11 exercises. Based on the exercises 
suggested ill Mario Salvatlori's hook. build in^: The Fight Against 
Gral- it^; stutlellts performetl assignments tlemo~lstrating the llasic - 
stluctural principles l~ehintl certain shapes and fomis. such as  the 
arch and the sel-pe~ltine wall. Group esercises i~icluded ~vorking to 
f o m ~  a l i u ~ ~ i a ~ l  fl!-ing huttress and huildiilg lliodels of tensile struc- 
tures using straws. string and paper. They also ol~sert-etl the appro- 
priate use of' various structural systems ~vliile 011 field trips to local 
buildiilg sites ant1 fabrication shops. Once a basic uilderstalltli~ig 
of certain fundamental s t~uc tura l  principles was achieved. the re- 
maiiltler of the course was organized aroulltl a stud!- of the primar?- 
materials used in construction a~i t l  the principles of their usage 
and development as 1)uilding components. 

MATERIALS AND TOOLS: 

material: greek root is rllater or alateria - ii~eatliilg tree truilk. 
as  111 hard n-ood or ca rpe~~t r j ;  i.e.. b u i l d i ~ ~ g  

tool: 1. a iler-ice used to facilitate mai~ua l  or a l e c h a ~ ~ i c a l  11-ork. 
2. s o i ~ ~ e t h i ~ ~ g  u.;ed ill the perfor~llance of an operatio~l: ail ill- 
strunleilt 

Throughout tlie course Ire focused 011 prinia1:- materials historically 
used in builtling. illcludillg masonry. ~vood. concrete. steel aild 
glass. Each material Tras introtluced to the s tude~lts  through lec- 
tures and readings. presenting both historical and specific techni- 
cal perspectives. including cultural and geographical effects 011 

the developme~it of technolog!- and the spatial implications of vari- 
ous materials. There was a coilscious effort throughout to expose 
the students to both t y i c a l  builcliilg practices as  well as  to expose 
them to examples of the ways in I<-hicli architects have thought 
about ant1 manipulatecl these illaterials in less t!-pica1 applica- 
tions. Througli this introducton- component of the course. the stu- 
dents could develop the frame~vork for a working kilo~vledge of 
accepted practices. as  well as  hegin to think about how their pre- 
conceivetl llotioils of technolog!- and construction could be  chal- 
lenged and improved. 

Ph!-sical properties of tlie materials and tools were explored by the 
students through tlie lab esercises. For instance, one esercise in- 
volved framing a ~val l  using basic 1%-ood stud coastruction tech- 
niques. In this esercise the students were also esposed to different 
tools tlirougll an impromptu race l~etvieen a normal hammer and all 
air po~reretl  nail gun. ainotlier esercise allo~ved the students to mix 
nioi-tar ant1 lay brick in lo~v  walls forlllillg a comer. They quick1:- 
learned tliat tliere is an art to keeping mortar on a brick that the!- 
had previously under appreciated. The!- also learned there is a 



significaiit difference betu-een moi?ar and celllent when we real- 
ized we had gotten bags of cement. \$-ithout any sand, instead of 
pre-mired mortar. All students participated in la11 esercises. thus 
ensuring that eacli iildividual stutle~it developed an appreciation 
of tools aiitl materials. An adtlitional henefi t of these esercises was 
that the!- could all see tlie inevitaljle failures of unskilled laborers 
ancl poor craftsinanship. a necessary componeilt of rrorking rrith 
an!- material. Most importantl!; it allo~t-ed then1 to hegin tlevelop- 
ing lt-a!-s of thinking through tlie consti~~ction process logically 
and protluctivel!~. 

DETAIL CONSTRUCTION: 

detail: 1. ii~dir-idual part: an ii~cli~iljdual sel1aral31r part of 
soi~iethiilg. especiallr one of srr-era1 itenl:: of iilfori~~ntioi~ 2. 
each a11d er-err- eleaient 5. slzlall eleaient of art or structure: a 
small eleli~ei~t of a work of art or huilrlii~g structure. col~siderecl 
srparatelj- //Freilch earl!. 1 7th ceiltnn- - cle'tail . literall! 'piece 
cut off:" fro111 tle'tailh -'to cut up." fro111 taillie1 "to cut." 

After the conlpletioii of tlie materials lectures and exercises. the 
students divided into groups to stud! different niaterials i11 rela- . - 

tioii to specific buildings and architects focusing on the primar!- 
buildiiig niaterials of brick. steel. concrete and ~voocl. Tlie case 
study methodolog>- was emplo>-ed to focus on a specific detail of 
the building aiid constmct it at a scale of one-to-one. Over the last 
three years we have corlducted 14 case studies and built 13 con- 
sisting of the follo~riiig buildings and architects: 

Brick Louis Kahn-Exeter Libran 
Sigurd Le~rerentz-St. hlarh's Church 
Renzo PiancrIRCAM Center 

Steel Frank Llo!-d Rright-Falliiigrcater 
Pierre Chareau-Maison de Ierre 
Doniiiiique Perault-Bibliotheque Nationale 

Concrete R.Rl. Schindler-Kiag's Road House 
Franh Llo! d Bright-Millard House 
Carlo Scaipa-Brio11 Cemetei? Chapel 
Tadao Ando--Kosliino House 

Wood Greene and Gieene-Gamble House 
Alrar Aaltw-Villa Rlairea 
Charles Moore-Sea Ranch 

Korkiilg in groups of 6-7 each. the students prepared a 10 page 
research paper for each project. focusing on issues of construction 
and materiality. more specifically. in ternls of tectonic. aiid histori- 
cal significance. B!- stud!-ing the priman materials in depth. the!- 
l~ecame aware of the ways in \&-liicli each architect deviated, re- 
jected or developed new ways of looking at stalltlard building prac- 
tices through the projects. Students then chose wall sections that 
expressed the essence of the huilding and the architect's approach 
to inaterials and construction. Zipon completion of tlie research 
component. each group presented tlieir work to the class as a whole. 
thus allolring ever!-one to see tlie comparative value of each 
architect's approach. 

This researcli a l l o ~ ~ e d  the stucleilts to appreciate tlie architect's 
approach to materials and building processes. This appreciation 

inforined tlie student's decisions throughout the detail develop- 
ment aiid consti-uction. For instance, tlie group stud!-ing Louis 
Kahn and the Eseter Libra]? full!- enlbraced Kalin's famous conrer- 
sation ~vitli the I~rick ~rlierein lie asks the brick 11-hat it wants to he 
aiid tlie brick replies. "I like an arcli." This lead thein to the 
decisioii to construct one half of a jack arch fronl the library. In this 
section the ],rick is 3 rorrs thick hut ~vlien it rl-as suggested that 
the!- ]night ease their T\-ork and the structural load b?- creating a 
"false-front" to the arch I>!- 1)uilding a hosed out frame a i d  clad- 
ding it with one l a y r  of brick, the!- summaril!- rejected the sugges- 
tion as uiltme to Kahnb principles. Tlie inipact of the this derision 
was great as the!- realized t l ~ r o u ~ h  stud!-ing Kahil's actual drawings 
from the lihrar!- that eacli brick had been specially cut at different 
angles to create a smootli arch. not just one row but all tliree. Still 
the!- persevered ant1 11uilt tlie arch as intended because of their 
tlesirr to pursue Kahn's principles: a desire that tleveloped as a 
result of their research. 

Simultaneously ~vith the research paper. each group prepared fully 
detailed dra~l-ings aiid a study model of the wall section thev had 
chosen to build. The!- lists of materials. tools. and out- 

- - 

lined constmction schedules required for each wall section. Each 
wall section is constructed in actual full size materials. conling as 
close to the realit!- of the actual building as ph!-sically possible. 
Donations from the local building cornmunit>- supplied the major- 
it!- of our I~uilding nlaterials but when necessan- we were able to 
purchase them T\-it11 school funds. Through this part of the process. 
they became all-are of the compromises inherent in any built work. 
for instance. lack of access to redwood for the Ganlble House re- 
sulted in a compromise on cedar. As the inaterials were being 
gathered for the coiistn~ctioii process to begin in earnest, prepara- 
tions were made to the site. 

As the building and coiistmctioii process unfolded. the students 
quickly became aware of tlie limitations of the drawings and mod- 
els they had preriously believed to be conlplete represelltations of 
tlie details. This has often revealed failures and gaps ~i i th in  the 
translations from drawings to buildings ... not just on the part of the 
students. but on tlie part of tlie arcl~itect's as well. For esample. the 
Fallingvater team (working in steel to reconstruct the original Hope 
~l-indows) realized that the hinges were not going to be commer- 
cially available so the!- spent hours designing and nlakiiig proto- 
typesof approsimations of the actual hinges. In the end. their 
hinges were virtually identical to the originals. In addition. the 
entire piece had to he constmcted of stock steel angles ant1 flat 
stock so their previousl! -'completecl" dra~rings. in the forin of blue- 
prints in the shop. became an inscrutable Rosetta stone of calcula- 
tions and dra~rings and re-dra~rings of eacli section the!- had to 
constmct. These tattered blueprints remain tlie true testanlent to 
the thought process the! welit through as they built the piece. 

ANALYSIS 

Xhat the case studies reveal to us at this point is the increasi~lg 
lightness and thinness of xrall constn~ction. As Gropius predicted, 
the wall has tn~l!- become a thin veil separating interior and este- 



rior and has ceased to he the sole determinant of space. Ho~vever. 
sel-era1 assumptions of the moderi~ movement have not come to pass 
as  predicted. The I\-all has not dematerializetl, in fact. tlie con- 
struction antl detailing of the wall has hecome more complicateti 
thail ex-er. The coilstructed details reveal sections of walls where 
trailsitions between ollaque materials ant1 transparelat materials 
are soinetiiiles iillpossible to understand or predict as in the c,lse of 
Eseter Library and the Bibliotheyue Nationale. -1nd sometimes 
they reveal sectioils where the trailsition is deliheratel!- left unre- 
solved (at least in  traditional terms of T\-eatheiyroofing) in the cases 
of Sea Ranch and St. Mark's Church. But never (lo these T\-alls and 
connectio~ls lack illaterial presence. 

-11~0. Gropius' assertion that standardization and rationalization of 
the construction process ~ r o u l d  provide a riel\- architecture has not 
come to pass as  expected. E v e n  one of the case studies proves that 
great architecture includes a high degree of craft for even ~ r h e n  
standard illaterials viere used. they Irere modified antl sculptetl h!- 
the architect to the point of obliterating the benefits of standard- 
ization. 'Shile this is obviously a limited stud!- of the topic. the 
architects and buildings selected provide a faid!- gootl cross sec- 
tion of intentioils and attitudes to the protluction of architecture. 

111 order to fully understand the nature of the details as  the!- esist 
Ire have to look at their placement. I11 ph! sical temls tlie details are 
placed along a ~ralhra!- leading directl!. to the northwest eiltn- of 
the school of architecture. Each wall section is approximatel!- 4 
feet v ide  by 8 feet tall and of a thickness ~vliich varies froill project 
to project. based on the construction type and materials. The sec- 
tions rest on 6-18" deep site-cast concrete pads and are fairl!- per- 
manent installations at the school. In tenns of curriculum, the case 
studies fall ill the semester after an intnlsel!- rigorous theol?- course 
and immediately before the semester that students graduate from 
tlie fou~ldations program to the professioilal program. The nest 
courses the students take are in the history of modern architecture 
as  ell as  structures. By being placed prominently hot11 physicall!- 
ant1 within the c u ~ ~ i c u l u m .  the experience o f t h e  case stud!- eser- 
cise shapes the rest of the studeiltli architectural education. The 
long-tenn effects of this placenlent are hegiilning to register as the 
first group of studeilts to engage the process are eilteriilg their fifth 
and final year. 

FINAL THOUGHTS 

Part of the unique cpalit!- to the course is the con~hination of his- 
torical significance and construction. with minimal design deci- 
sions to he made. '&k ~vould argue that this is particular1)- appropri- 
ate for Foundations level students aild that this project can take 
the forin of a more traditional design-huild project later in their 
architectural education. BP woultl hope that the heightened tec- 
tonic seilsibilities of the students will stay with thein througllout 
their careers. 

I11 a more far-reaching view. the projects which formed the culnli- 
nating experience of the course provide invaluable esamples of 
coilstlvctioil principles and builtliilg of' hlodern architecture for all 
students. This approach to technology through the process of con- 
struction has provet1 to 1)e one of the iilost i~lvigoratiilg esperiencrs 
t l ~ e  school has hat1 in years. In fact. the facult!- rece~ltlj-  agree(! t i :  
adopt the paradigill of coilstruction as a guiding force for the rt.- 
structuriilg of the entire curriculum. One possihilit!- for this ma!- 
I)e incoil,orating more materials esploratioiis in  the Foundatio~ls 
sequence. Another possihilit!- ma!- he  that language used i11 the 
curriculum I\-ould reinforce i~otiolls of co~~struction. ~ 1 1 ~ 1 1  a s  "huiltl- 
ing a concept. or curriculum." 

The ultinlate success of the course rests in the kilo\+-ledge gained 
11y the students in  going through the process. F-hile the liantls-on 
approach to learning is not necessaril!- unique. 11-e have found this 
  nod el to be particularly interestil~g and successful in  getting stu- 
dents to think and feel coiifitleilt in  the kno.tvledge gained b>- going 
through this process. The success of the project lead to the offering 
of an ad\-anced construction principles elective in ~rh ic l i  the stu- 
dents spent an entire semester researchiilg a detail and ultimatel!. 
l)uilding one of their own design. Those studeilts were also able to 
contribute in the second-year level course by working in tlie la11 
compo~lent to esecute their 01~11 research. The long-term effects of 
the confidence Irere felt last spring as  those first stutlents to huiltl 
presentetl a comprehensive proposal of change to the facult!- in  
which the!- demantled the option of a year-long thesis for their final 
!-ear. 

Alllother by-product of tlie course was a reaction from those upper- 
year level students who had missed the opportunity to participate. 
Last spring a group of three got together and developed a design/ 
huilcl proposal for their final studio - simpl!- as  a .rva!- to get some 
construction experience. Their project. an art gallen- and storage 
rooill. is an a~ve-inspiring success and has lead to multiple ilew 
cominissions. The!- see this as  ail exciting alternative to a tradi- 
tional practice. They feel their experience makes then1 better and  
illore responsible architectural interns. 

kPt another student ~vho  has just completetl tlie course spent part of 
his summer contiiluing liis study of tectonics h!- ~:011structiilg a 
primitive hut on his grandpareilt's farm. He wanted to spend inore 
time thinking about tlie topic antl details lie had ~ r o r k e d  on in the 
class aild did so without course credit or payment of an!- kind. H e  
spent liis (la!-s builtling and his nights tlraw-ing ant1 reading. H e  
coilsulted in a ver>- limited way with his family ailtl m!-self throug11- 
out the process. T11e resultant structure ant1 narrative are  exquisite 
and suhlinie. I can not imagine a better deternlinant of success 
than these small projects and the great young minds that have 
created them. 
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