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What to Make of Material 
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"Let us p l d e  oui students ozer the dlscipltned pathji-om 
n~aterlals  tllrouglr the practrcal aims of creatrre ztork. 
Let u s  lead them rnto the Izealtlr~, rt orld of primltrre 
hurldrngs, rulzere each axe  stroke nleant sometlr~ng and 
each cllisel stloh-e made a real statement. @%ere can l ie  

jind greater elant\ in  structural connectroizs tlzun uz 
~ o o d e n  buildrngs of o ld )  K7lrre else can rt e find such 
unlt). of matenul. constn~ctron, and form? @%at feellug 

for nzaterial and 1t /rut pol( er of erpressron speaks 111 

these buildings. 4nd buildrngs of stone as I (  ell: ~ t l l a t  
natui-a1 feelings itre\ express. K'hat a deal understand- 
ing o f  material. A7mt certarnt! in ~ t s  use. W7mt sense 
the? had of ~ t l ~ a t  one could and could not do in stone. 
 here d o  t t e j n d  S I I C I ~  wealt~t  ofstntcture? Ellere d o  Ire 

j n d  more Izealth~ enera- and natural beaut? Z Kith  ~cl lat  
obriozts clarrt! a beamed ceilrng rests on these old stone 
[calls. a n d  rrrth u hat sensit~r 7t1 one cut a d o o r 1 ~ a ~ -  
tlzrouglr these ualls. The brich 1s anotlzer teacher, h o ~ c  
sensible is thrs mal l  handj shape. so usehl  for even.  
puFose.  Wltnt logrc rn its bondmg, 1cAat 1iz.eliness i n  the 
pla! of patterns. R7mt rlclmess 111 the szmplest I (  all 
suface.  But   chat dlsclpline this n~aterrul rnlposes. Tll~rs 
each material Izas 7ts specfic characteristrcs that  one 
must get to knelt 111 order to (cork r c  rill it. thrs 1s n o  less 
true of steel and concrete. K'e erpect irothrng ?om 
materrals 111 themstltes, but on/\ from the right u5e of 
them. E~.ei l  the I I P ~ (  materials p ~ e  U S  no srrperiont~. 
Each nmteriul 1 9  0111) 1 1  orth 1lat l t  e make  of it." 

hIief T an der Rolie. 1 938 

SPIRITCAL POSITIO\ IN WHICH W E  STAhU 

There is an inherent potential in e l e q  material: a potential 
form. a potential means of translating force. a potential for 
con~~ection/assernblage. These potential? are not apparent. The 
e!e must be trained to perceke these potentials and t h e  hand 
must he trained to rpalize the potentials. Both e j e  and hand can 

be directed to a sense of material. or rather a sense of uhat can 
be made of material through exposure to and engagement of 
natile technologies. The rele-cance of nati-ce technologies in 
Architectural practice and education is a question of sensibility 
and ethics. Tjpicallj. discussion of nati\e building technology 
gra~itates touard tlie significance of geographic region and 
tradition. The bias is logical. Each n a t i ~ e  technolog has 
e-cohed in specific response to \a?ing terrestrial and emiron- 
~nental  conditions. Consistency of construction modalit! span- 
ning generations implies the  presence 01. and e-c en reTerence 
for tradition. 

Tradition can be defined in terms of a cultural context. oi it can 
be defined in terms of a physical context - a construction logic 
that resonates with a specific regionlen~ilonment. These are 
tv  o d i ~  ergent definitions: one  estahliihes relecance with legard 
to social condition. mhile the  other emanates from understand- 
ing of. and reqponse to. fundamental physical principles. 
Regadleas of the 1 aqirig environ~nental conditions that define 
geographic legions. there are a series of constants which inform 
the derelopment and e-colution of conqtruction technolog.  It is 
the understanding and engagement of those constants that 
erisuies the xitalit! of na t i le  technologies as a model in 
metliodolog~ and application. 

Each institution has the capabilitj to engage regionall! specific 
n a t i ~ e  technologies as a means ot e~tahlishing both material 
and land ethic.. Each region \\ill releal en\ironrnental factors 
that forrn the core of ~nethodological tonstancj. 1 s  an example. 
architectural education and practice in the extreme conditions 
of the Sonoxan Ueiert. d e ~ n a n d s  that tlie sun he consideled as 
the primarj fact01 informing all decisions matelial and techni- 
cal. lat ixe technologies ha\ e allo\led human life to flourish in 
that parched hasir) fol at least one thousand !ears. and continue 
to infor111 and shape the l~u i l t  en\  ironment. This desert is atarli. 
serene. and minimal. Life in it is a series of contrasting and 
aubtle sensual experiences. Those nho choose to l i le in the 
deqert also choose to embrace the threats and blessings of 
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I)u~rrirr;  light. relie\ing shade. and quenclii~ig do\\npour. The 
ndti\ e technologies ernplo:,ed in the  Sonoran debert ex oh ed out 
of an uriderstanding ol the en\  ironmerit and landscape. linking 
fun( tional program nith profound experience. 

Foi the same reasons tliat the! ex olx ed. na t i~  e technologies 
r~ersist toda!. Logic and rationale irlfor~ned I]! locale continuei 
to suqtain the re le~ance  of the technologv in manifestations that -. 
e\ol\r  \\it11 tirne and ingenuitj. e recognize the potential of 
the academic realm to influence the  realm of professional 
practice if students gain an understanding of the tenets or 
p~ecepts tha t  guide riatile technologies. .1 series of courses 
ofiered uithin the technolog curriculum btrearn seeks to 
dexelop sensibilities about the na t i le  technologies of this 
region. Each course utilizes empirical stud! to reinforce 
infolined intuit i~ e notion. Intuition is established through the 
introduction of regionallj specific tectonic t!pologies. Materi- 
al/construction manifest in case studies from past and current 
practice are utilized to illustrate the  tenets and principles of the 
tq pologies/technologies as they have e l  o h  ed 01 er time. Those 
tenets and principles are then dramn out as guidelines f o ~  
i n ~ e n t k e  use and potential reconfipration of material in 
construction: establishing a tradition of sencibilit! in \+hat to 
mabe of material - a sensibilitj t ha t  is s!mpathetic ui th the 
mismn statement of our institution. 

4 MISSION INFLECTED BY IDENTITY 

The fact that the School of Architecture at the Lni\ersit> of 
lrizona publiclj proclaims allegiance to native technologies 
enrules a consistent basis from which to delelop a teaching 
rnethodolog>. Paraphrasing our school mission statement. a 
colleague describes our responsibilities as educator* this ma!: 

"\\e ha l e  interpreted our mandate within a land grant 
institution as in part the responsibilit! to d e ~ e l o p  and 
inculcate in our students (as me11 as nithin the larger 
citizenr~ 01 our locale) a land ethic and a tectonic aesthetic 
that presene and celebrate the specificitie\ of our unique 
pait of the norld. the Sonoran desert. In so doing. n e  reject 
the generic - architecture and practice 13: default. in 
solutions imported from other contexts - and instead seek 
to establish a bensiti~ e. non-prescriptil e design methodol- 
02 that tal~es its cues from the particula~ local inflection. 
of w c h  unkersal factors as light. wind. \+atere earth. and 
human societ~ ."I 

TYPOLOGY OF NATIVE TECHNOLOGIES 

In the Sonoran Desert region (as well as in most desert areas). 
three categories of constructiori/materia~ t!pologies h a l e  en- 

dured o ~ e r  time: modular Earth >\stems. \Ionolitliic Earth 
s!sterns. arid Organic Frame uith intill. 

l.lodular earth qs te lns  hale  de\eloped in a loose chionologi- 
cal oldel from rnixtu~es of cla~-lic11 natite .oils and \\atel 
formed and stacl'ed by hand to Portland cement-stabilized 
t ompositions of -oil. Mater and solid applegate- produt ed in 
rnechanized rriolds >e t  still hand-stacked. Adobe briclrs. lumped 
rnud and animal dung. bod strip*. cornp~ebsed earth blocl~s. 
fired cia! bricks. structural claj tiles. concrete blocbs. insulated 
concrete blocks. and autoclaxed concrete blocks are all 
exa~nples of n a t i ~ e  technologies in regions \\here the soil i* 
relatixely free of organic matter. has a high percentage of clab 
content. and can he quicldq cured b j  the intense heat  from the 
sun. The scale of this technolog is pioportional to tlie hun~ari 
body and the earliest units measured about what the  human 
hand could hold and lift into place. The patterns for stacliing. in 
turn. related to tlie stlength of the material units and  where the 
meight load from a b o ~ e  could best be borne belo\$. T h e  simple 
running bond is the niost common pattern. ensuring that the 
load of two bricks aboae split e ~ e n l j  onto the brich centered 
just he lo^+ them. Lnits de\eloped \+it11 the addition of Poitland 
cement reflect greater strength in t h e i ~  greater size, but  are still 
proportional to the original units. ~ i t h  each concrete block 
A A - 
equal to a stack of bricks three high. two long. and  two thick 
Apertures in this syste~n are necessarilj small. for t h e  units do 
not easilq span long distances and must he aided b\ lintels 
fashioned of stone or other strong materials. Spatial qualities of 
small and compartmentalized ~olurnes  naturally result from 
rnoduIar earthen technologies because the regions tha t  produce 
it do not  usuallj produce long spanning roof members. 
Habitable spaces are conimonly roofed with corbelled units. 
~ a u l t s  or  dorms. The sensibilities that acconipan) this technol- 
00 include a respect for human scale arid an articulation of tlle 
bond patterns and spanning techniques. In this typolog!. the 
units of masonrj are ~ n a d e  to act mono lit hi call^ b~ the  addition 
of a binding alurq, or mortar. uhich can be a more liquid 
~ e r s i o n  of the unit itseli or a mixture higher in cement content 
but lower in aggregates. These slurries gaxe rise to  the next 
categorj of ]lati\ e technologj, monolithic earth s j  stems. as well 
as contributing to the  infill portion of the third categorj. 

Monolithic earth systems include a siinila~ spectrum of c lay  
rich to cement-rich mixtures packed or tamped into form> 
rnade of another material tliat g i ~ e  shape to tlle wall. floor. or 
roof plane. The technolog required for the forms. mixing. and 
placement of the material becornes more conlplex through time 
as modern building performance codes are more precisely 
defined and nioderri aesthetic preferences fa\ or clean and criap 
surfaces. Puddled adobe. cob. rammed earth. rise. tapial. coil 
cement. and poured-in-place concrete are examples of earthen 
structures that a i r  monolithic in nature. T h w e  technologies are 
natix e to a greatei 1 ariet! of climate zones. h a ~ i n g  originated in 
arid regions hut spread to areas of cooler temperature and 
higher moisture because the self-supporting systems could dr! 
sloml\ ni thout threatening structural failure and the  earth could 
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Fig. 1. Iiodzrlov earth svstrm: tln--stacked stone masorzn.. 

fy  2. ltodular earth uvitem: jonin-rniulared cotacrete bloch. 

be mixed with better insulating materials. The moriolithicall~ 
for~ned structures also ha1 e greater plasticit! than modular 
sjstern.. arid often take on more fluid corifiprations. The  
sensibilities about human acale and the spatial qualities 
generated by nlorlolithic s!bterns are othernise xeq  sirnilar to 
the modular systems. irlfluenced b~ the ma! the sjsteins are 
made arid the capacities of the materials. 

Organic frame with infill systems are comirlori to mobt 
climactic regions. iricluding the Sonoran Desert. K hile seern- 
in& few sources of framing timber< occur here naturall!, the 
strength of man! natixe plants is surprising. The interior ribs of 
saguaro cactus ha\ e been used since the heginning of recorded 
histon. as haxe ocotillo cactus ribs: and mesquite tree trunhs 
and branches. Almost all regions hale plant material suitable 

for framing. and other resources for infill materials. ininla1 
Ains. fabric. u o ~  en reeds and grasses. rrmtures of plants and 
earth. paper. glass. and man? other mateiials ha\ e heen used to 
<pan the <paces in between framing members. In this place. cla! 
and mud nere mixed with rlater and packed betueen arid 
around cactus ribs to create a I+ attle and daub enclosure s j  stern. 
vith lajers of mud and plants placed on top of framing 
members to form a thatched roof. The advantage of thermal 
mass is not present in this typology as it is in the prelious t\\o. 
hut this system l$as nelertheless used extensivelv b\ nomadic 
people who chose mobilit! and expedience over the in~es tmen t  
in time and energy necessaq for earthen constructions. Some 
frame arid infill systems become monolithic, when the infill 
material surrounds and subsumes the  framing memhers. This is 
the case vith the "lti" structures built b j  most of the 
populations indigenous to the Sonoran Desert: slender cages 
made of cactus ribs are completely filled and then c o ~  ered ~ i t h  
an adobe rnud mixture.- This nat i te  technolo@ exo l~ed  during 
the t\\entirth centuq into a more rectilinear %ersion made of 
milled lumber and filled 14ith mud  in the same manner: The 
bensibilities that accompanj this system hake more to do uith 
ackno\+ledging a hierarch! of ~nemhera than human scale. 
'4 hile there certainl~ are scalar limits due to the size of 
d~ailable framing members. the more important relationship is 
hetween the largest members and  the subordinate ones. i n  
aiticulatiorl of this difference is often seen with a change in 
linear direction uith each material as it decreases in scale and 
span. la! ering ox er the primarq me~nbere.  Patterns of solid/\ oid 
can be discerned uithin the sJstem and are sornetimep 
elaborated arid accentuated for legihilit>. Spatial qualities of 
flame and infill s!stenis are difierent than those brought on b> 
the use of earthen \\all ss tems.  Greater ~ o l u m e  i q  possible. and 
natural light is more readil! admitted through apertures created 
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Fig. 4. .llonolithic earth s\.srenu: ramnzed e a r t h  200%. 

b\ the framing bay or b j  the translucency of the infill materials. 
More regular structural ba,s are a product of the framing 
hierarch! and thib repetition and regularit) becomes part of the 
s j  stem \ ocabulaq . 

NATIVE TECHKOLOGIES IK THE COKTEXT OF 
CURRICULAR GOALS 

The three native construction/material t!pologies discussed. a+ 
uell as the methodologies employed in their implementation. 
establish a foundation for the del elopment of critical thinlung 
shills mithin our  technology curriculum stream. Pedagogicall,. 
the technolog?. stream establishes an analogue between material 
and construction. reinforcing the notion that the art of building 
can on14 be understood once the matrrials themselves are 
understood. T h e  pedagog recognizes that understanding of 
material emanates not onl, from univelsal physical characteris- 
tics. but also from lirio~ledge of phenomenological characteris- 
tics. Structure and form of material are not presumed to be 
constantb as the  phjsical form of a material may implj xariable 
characteristics with regald to the xjav it may be placed: t h e  \&a! 
it ma! resolve intrinsic and extrinsic stress the maj it might be 
connected to similar 01 dissimilal materials: the maj it \%ill 
ueather: the u a j  it \\ill react to natural light: and ulti~natel! 
hov that material \+ill be perceix ed - its Iisceral aspect. 
\ ariation in t h e  expression of building assemblages that  are the 
product of n a t i ~ e  technologic. r e ~ e a l  the inlportance of 
ltnonledge in t h e  nlariipulation of material. I s  is e ~ i d e n t  in the 
dexelopment a n d  manifestation of n a t i ~  e technologies. material 
properties and  material behaxior are not abstract: they are 
precise and entirel! tangible. Fol that reason. the curriculum 
stream utilizes nati\e technologies as a model in decision 
making processes. to ~einforce the notion that mode of 
construction a n d  material implementation are critical in mani- 
festing a physical context that resonates clearl! lzithin the 
cultural context. 

Folloning are descriptiom of conlponents within the technolo? 
curriculum stream at the ITni~ersit! of hizona: thr re  srquen- 
tiall! organized half-sernester Materials and RIethods modules. 
and one full-semester DesignIBuild Studio. The description, 
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drr ploxided a>  a mean* of illli>trating liov r ~ a t i ~  e tec,linologie> 
are insti u~rientdl in estal)li~hilip c leal WI-il~ilitics uith ~cgdrd  to 
mate~ia l  properties and  cori4ruction s!deins: preparing stu- 
dents to percei\e the  true logic inheient in tho5e rriatriial~ arid 
technologies. This sensibilit! is portable. Students M ho leal e 
the region are capahle of making decisions based on compre- 
hension of technologies riati1 e to other regions as \\ell as thobe 
nhich  a1 e $obal. I nderstandirig of n a t i ~  e technologies iriiornls 
understanding of all technologies. 

MATERIALS AKD METHODS MODULE I 

The  filst module in the  ;\laterials and Methods sequence is 
introduced in the second year of the f i ~  e-year B I rch  program: 
just as the students ha1 e passed through the portfolio admission 
gate into the professional phase of the degree plan. I s  they 
mo\e from design fundamentals studios in the first !ear into a 
!ear where all fixe of the curricular streams are represented 
(studio. technolop.  visual communication. histoi?/theoq. and 
critical practice). they are immediatelj exposed to the materials 
and methods of construction. I n  emphasis on natil e technolo- 
gies begins in this initial module arid consequentlj affects their 
design thirilting from the  onset of architectural studios. nlodule 
I presents the basic information ahout major construction 
materials: their physical properties. aesthetic characteristics. 
and criteria for use a n d  selection. Lectures are organized into 
historical accounts of each material. p~esenting then1 as nati le  
technologies and draming this thread through time from 
primitix e to industrial uses. The spatial qualities created b j  the 
use of each material a re  illustrated \zit11 case study examples of 
simple buildings that  are pule representations of a riatiae 
t e c l m o l o ~ .  A field trip to a contemporar! architectural 
example or fabrication plant reinforces each topic of the first 
module. 

The  laboratorq project for each offering of Vodule I requires an 
anahsis of a built example of architecture utilizing nati\e 
technologies specific to  the arid desert region. For sexera1 >ears. 
the instructor has e m p l o ~ e d  a pioject under construction in her 
own professional practice as the \chicle for the laboratoq 
analysis. Each )ear t he  project has been built niostlj of rammed 
rarth. a native techno log^ of long dulatiori in this area. Site 
\isits to the building undel construction. and photographs and 
dra~zings made on site gixe the students the opportunitj for 
three-dimensional understanding of the sjsteni and its relation- 
ahips to other materials assemblies. The methodolo@ of 
rammed earth construction. illustrated in slide presentations b! 
the instructor is best underdood in peraon. and the analjsis 
project begins after this point. Stndentq are ddted to selert a 
critical detail fro111 the project and cieate a sequence of 
axononletiic dra\\ings desclibing construction. The  detail 
condition- address the  manner in which the building meets the 
ground. the manner it which it meets the sk!. arid the \+aj  in 
which the corners are resol\ed: a manner of analjzing critical 

junctures \+ithi11 buildirig asse~nhlages that is reiuf'orced 
tl~rougliout the \laterials arid 12Icthods sequenw. Tlie brmdtli 
of conditions studied requires an  overall understantling of 
rammed c a d i  technolo? ~ h i l e  ensuring the careful stud!- of 
intersecting inaterials and their hierarchical integration ~ i t h i n  
an owrarching construction sytern.  

4, a lollon-up to the rnain lab exercise. the 3tudentf are asked 
to inabe a significant change to the  detail the! l i a e  come to 
undelstand. h! altering the design intention at that juncture of 
materials. For example. if the original detail uas  designed to 
bring a glasb plane into a recess \+ithin the lammed earth wall 
thui  engulfing the glass and obscuring the means of fastening 
the plane to the \+all. the change of intention might be to make 
the intersection of glass and earth kisible. or el en accentuate it. 
Students explole this ernpiricallj b) modeling the condition. 
and once the) have solled it. the> it in axonometric as an 
appendix to the original sequence. F i t h  these steps. the  
laboratory exercise engages students with a n a t i ~ e  techno lo^. 
in pelson and intellectually. bringing them clober to possessing 
a \isceral sensihilit) for the s!stem and its inherent qualities. 
The translation from analjsia to design also piepares ~tuderits to 
appl, Itnonledge and sensibilities gained to their omn work. 
which is the emphasis in folloming modules. 
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MATERIALS AND METHODS MODULE I1 

The second module of \laterials arid Methods is offeled in the 
third Fear of the Birch  program. concurrent  itti ti the second 
jear of the professional phase. The course content builds upon 
the foundation of lno\cledge gained in the first Materials and 
Methods RIodule b j  introducing issues related to constructiori 
sequence. coristructiorl tolerance. technical spsterns integration. 
and the  effect of these concerns on design. Focus is placed on 
refining the delelopment of intuiti~ e sensibilities \chile broa- 
dening e x p u l e  to. and uorliing kno~cledge of. corlatructiori 
logic gained In the first module. The course material is 
introduced in a familiar format. Lectures are organized to 
present the construction process ah a aeries of interfaces uith 

Ijoth aite arid en~irorirneiitdl lolceb. reinloiti~ig the ahead! 
dereloped notion that the procesi of roristiuc tiorl ia irifoimed 
11j a sequence of design dctisionb ldtlie~ tliari a collection of 
actions prebcribed b~ geneiic piactices. The module begins mitli 
a lectule entitled --Terrdin Intel-fate - Placement". is followed 
b~ w e l a l  lectures under the unlbrella hcadirig of -'RIediating 
Realm". and toricludee \\it11 l ec tu le~  on ---\trnosphe~ic Inter- 
faces" and '-Terrain Intellace - lrichoring'^. Each of these 
lectule- serces to establish dn understandirlg of the logic and 
order of construction \chile bolstering the empirical with 
theoretical expositions from authors w r h  as Eladio Dieste. and 
Rafael Rloneo: architects T\ ho ha\ e innolated within the  
context of natile technologies. 

Like Vodule I. AIodule 11 emalo\s two modes of analvsis in 
1 .  

establishing a clear the connection betueen idea and construc- 
tion: one mode is obser\ational. arid the other empirical. In the  
first. case studies of significant buildings are used to illustrate 
the d e ~  elopnlent of criteria for making choices about materials. 
"stems and detailing. The case studies presented in lecture are 
reinforced b j  recurring \isits to a selected construction site 
a here both modular earth natixe technologies are being 
emplo~ed. The instruct01 leads guided tours ever1 second week 
and students keep mritten. photographic. and dra.c\n documen- 
tation. The act of documentation enables students to gauge 
progress of the \cork and compare the results of the construc- 
tion to the stated design intentions. This establishes a tangible 
linh and informs the  lab co~nporient within the module. 

I s  the students observe construction. thej  begin to understand 
that \chile ideas and  theoretical notions can influence t h e  
choice of materials. so can the character and properties of a 
material initiate design response. This understanding inforrns 
the second. empirical mode of anal!sis. Utilizing a corner of 
their studio design project (a small cabin on the coast). students 
engage in establishing an analogue between conceptual intent 
and material manifestation. The students are required to resolve 
the construction of an intersection betmeen three horizontal 
planes and two 1 ertical planes in an enlironmentallq controlled 
building. The exercise requires t h e ~ n  to delineate each stage of 
construction in the  erection of the material aspemblage. Each 
constructi~e and material element of the uallb arid thc  
inteisecting floor and roof planes are delineated in avonometric 
on separate sheet% of m!lar. The la!ers of m!lar each describe a 
moment within the construction. that when combined. illustrate 
a full corlstructiori sequence: empilicallj modeling construction 
through drawing. T h e  scaffoldings and forma necessarj for t h e  
pioposed construction must be dra~cn in place a.  ell. 
reinforcing the students' understanding of lio~c l~uildings are  
made. Desk critiques in ptudio reitrrate the logic behind each 
choice of material and it. orientation for sperific climate and  
place. \chile the Ilateria1,i and Vethods module informs that  
logic through consecuti~ e site isits and the lab project. 4 s  a 
result. the students are iinhued uitll a sense of the inelitahilitj 
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to decigri deti+ion. arid ale con-tad! an atl\dnc rd itud! of building tectonics and thr  intrgratio~i of 
tliei~ 1 alues and design criteiia. theo~!. n~aterial. material assernblage~ arid conitrurtion nieth- 

odolop.  The piime objectir r is to huild upon the dc~uniulated 
linonledye base to clarif! the connection bet~\een idea and 
tond~uct ion .  It focuses on liteial utilization of n a t i ~ e  
technologies but encourage* i n n o ~ a t i ~ e  application of inherrnt 
sensibilities in addressing a broader spectrum of co~nplex issues 
such as .ustainabilit! and life safet!. Once again. u n d e ~ s t a n d i n ~  
of mate~ial is achicted tlnougli empirical research \+it11 th r  
laborator? project. 

This exe~cise iequires the students to design and construct a 
full-scale building detail. Students select or dexise a connection 
between three planes in a building. defining the seam between 
a n  intelior and exterio~ condition. The detail must manifest an 
idea. and reflect its position within the  context of a larger 
construction. 4t this point. the project beconlea personal 
research. Connections. means of connections. transitions fro111 
structure to e n c h u r e .  enclosure system to  enclosure s)stem. 
and exterior to interior re! eal questions with regard to intention 
in mateiial iniplenientation. Building upon  the sensibilities 
estahliqhecl in the second lllaterial~ and Methods Ilodule. the 

f L ; ~ A  11 a ~ ~ d  12 tm17~p l r ,  of szizglr J ~ c m r  aeyuvntr illmi L I I ~  I ~ I I ~ P  111 lab exercise pro~ides  a tangible means of establishing the 
IIoilulr II luboiclroi\ pxricrw+. Ercrnzple of u +11p Jo~r~z rd  toncletr custmp relationship b e t ~ e e n  material properties a n d  method of fabrica- 
\I stem tion. L the analogue becomes more apparent. the means of 

malting hecomes a prime consideration. 

MATERIALS AKD METHODS MODULE I11 

The third arid final module in the Materials and IIetliods 
sequence occurs during the  second semester of the third \.ear in 
the professional phase (fourth jear of the file !ear B.41cli). Bq 
t h i ~  time. student$ h a ~ e  had  the full sequence of structures and 
enlironmental controls nlodulea. and are prepared for a more 
cornplex consideration of materials assemblies. Tliic modnle is 

DesignIBuild Studio 

T h e  Uesig~dBuild studio is an advanced studio option offered 
in the fourth or fifth year of the BA\rch program where students 
\cork dirertly with Nati1.e Technologies in the  construction of a 
small residence for a low-income family in  Tucson. The design 
of the residence is accomplished in an earlier semester: some of 
the  students continue on to participate in the studio that will 
construct it \+bile others do not. The instructional ohjecti~~es of 
the  studio are to create a hands-on empirical experience in 
order that students learn the logical order of the construction 
process and the technical considerations invohed at each step. 
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in order to  refine design thinhing for future projects. In the case 
of a recent rammed earth dwelling. students obserxed the 
formation of an innor at i \e  "raft  slab". formed, mixed aiid 
tamped r am~ned  earth walls. installed electrical boxes and 
conduit. frampd roof trusses and purlins. sheathed t h e  roof ~ i t h  
a radiant barrier and corrugated metal. framed interior partition 
~lal ls .  h u n g  dr!~tall. plus other constructiori activities. During 
the construction pioLess. students designed details for the 
project iricluding chamfers and re\eals for rammed earth to 
t oncrete connectionb. \+indo\\ sills and seats, wood frame 
connections. and la!eling of material> arid material expression$. 

Managerial tasks Mere necessaq components of the de- 
sign/build studio. aq this project had a ver! real a n d  concerned 
client. Some tasks vele research oriented (comparing alterna- 
t h e  products.  notk king up samples. deciding o n  the hest 
alternative for use in the building): some Mere design oriented 
(designing and testing connections. joints. details t ha t  ha le  not 
!et been incorporated into the project documents): and others 
were personnel related (organizing subgroups of peers to 
accomplish specific tasks at critical times). All brought the 
students to  a deeper understanding of the building sjstem and 
deleloped a stronge~ sensibilit! in then1 for h o ~  t h e  technolog! 
might b e  used to realize a specific design intention. 

This kind of experience is invaluable in helping students to 
develop a true sensildity about the nature of a material. the 
tolerances of the system that employs it. and t h e  costs and 
benefits of natiw technology in cornparison with others. -1 
hands-on relationship with r a ~ n m r d  earth construction. for 
example. lifts the appreciation of rarnrried earth from a 1-isual 
one to a real seme of its heft. its effect on air temperature as 
heat moves through it. its mass and solidit!-. t h e  story of 
fabrication rewaled in the lines left b!. tarnpirig consecutive 
courses. and  the attention to craft arid detail neceasai? to 
achieve square corners and crisp edges. The!- inirnediatel! 
begin to revise the forming system in their slietchbooks and 
del-elop proposals for improving the teclinolog~, which are 
ernbraced bj- the next class the next time around. 

Fig. 19. Stage of' Drst,~zlBuild Studio projrct: co~utruction qf u rc~~nirzrd 
~ n r t l ~  rrsidence. Finished ranznzed earth rvczll (mu' fi~r~nri~orh. 

Fig. 20. Stage of' DesipzlBuild Studio prqject: coizs/rucrion of' n rnnlmrd 
 rod^ rrsidence. 

CONCLUSIOK 

The connection from empirical experience to professional 
practice is established d l e n  students visit and observp the 
construction of such projects in the first nioduk of their 
materials studies. and is cemented \vheri the! come full circuit 
to coristructii~g a building of' their o ~ n  design. In this M-a!-. 
graduallj- and incrementallj-. the lessons of natil e technologies 
and their appropriateness to the circumstances of' this region 
are brought to students as fundamental precepts for design 
rather than as visual pastiche to be applied at the end of the 
design process. It is ou r  intention to reinforce the objecti\,e 
nature of material implementation. ensuring both physical and 
cultural authenticit!.. Culture arid tradition can be honored 
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through logic that resonates jvith a ' Easton, Robert d11tl Peter Nat~al<o\. \-r~tir.r .-l~tiericuri .-11-chirrctnrr. Oxford 

region/enrironment: thus suggesting what to make of material. 1111i\rrilt! Press. 1989. 

1 an E illigrn. J d m .  (lontrmporar! Pima House Construction Practi(,rs. The 
' Hollengreen. Laura. "Ilind and Bod! at  Eudc in thc Qorltl". Proceedinp uj" Iiira: Sourrlal ol thr Irizonil ~rc.llaeolopir.al and Historir.al Swiet!. 111(.. 1.~1. 

thr 4C.54 ,Southrrrst Conferencr. 3003. 36. l u ~ n b e r  I. t .a l l  197O. 


