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ABSTRACT 

The pres erva t i on of h i s toric 
adobe c hurches in New Mexico 
results from a dynam i c  
c ommun ity pro c e s s  us ing 
appropriate technology . The 
pres erva t i on proc e s s  r e l i e s  
o n  t h e  t r a d i t i o n a l  
c ommunity-or iented , hands ­
o n , l o w - t e c h n o l o g y  
approach .  Sense of 
c ommun ity i s  paramount to 
the pres ervat i on of the 
church through estab l i shed 
t r a d i t i o n s  o f  c y c l i c  
maintenanc e . Yet , ec onomic 
depre s s ion and dec l i ning 
popu l a t ions are c ontr i but ing 
to the breakdown of this 
nec e s s ary e l ement in the 
pres ervat ion proc e s s . 

I n  1 9 8 5 ,  the New Mexico 
C ommun ity Founda t i on ( NMCF ) 
i n i t i a t e d  t h e  " Churche s : 
Symbo l s  o f  C ommun i t y "  
p r o j e c t  t o  a s s i s t  
c ommun i t i e s  in the cont inued 
p r e s erv a t i on o f  t h e i r  
h i s toric churche s .  NMCF 
a s s i s t s  i n  t h e  
rev i t a l i z a t ion of the s oc i a l  
patterns a n d  tec hno log i c a l  
tradit i ons that origina l ly 
produc ed and cared for these 
bui ldings . 

Through the partne r s h i p  
of nat iona l ,  s tate , and 
l o c a l  o r g a n i z a t i o n s , 
c ommuni t i e s  are res toring 
their churches to a 
maintainable 
level using a tradit ion of 
cyc l ic maint enanc e .  
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New Mex i c o  occup i e s  a un i que n iche in the architectural h i s tory of 
the United State s . The long- s tanding tradit iona l use of earth as 
a b u i l ding mat e r i a l  began we l l  befor e  the Spanish occupa t ion in 
the s ixteenth c entury and continues as a ma j or architec tura l  
e l ement today . O f  part icular note are the h i s t or i c  adobe 
c hurc hes . These archetypal churches are the symbo l s  o f  c ommun i ty 
l i f e . Often , in i s ola ted v i l lages , they are the f ir s t  and only 
pub l i c  s truc ture b u i l t  and c ared for by the c ommunity . They 
i l lus·trate past and pre s ent c ommun ity orga n i z a t i on , res ourc e s , 
s e l f - su f f i c i enc y , and pride . 

The " Churche s : Symb o l s  of Commun ity" pro j ec t  wa s conce ived a s  
a means to a s s i s t  c ommun i t i e s  in preserving these s ignif ic ant 
r e l i g ious edi f ic e s . Phys i c a l  preservat i on of adobe s truc tures 
requires long-t erm c ommitment invo lving c ommun i ty dedicat ion and 
par t i c ipat ion , dec i s ion making and imp l ementat ion . Working 
through ex i s t ing loca l c ommun ity s truc ture , the New Mexico 
Commun ity F oundation a s s i s t s  c ommun i t i e s  with techn i c a l  advi c e , 
f und ra i s ing , research , and training , wh i l e  a l so fac i l itat ing the 
nec e s sary c ommun i c a t i on between those invo lved . I f  reque s t ed , the 
NMCF a l s o  helps c osponsor workdays where out s ide c ommun ity 
volunteers work together with the loc a l  commun i ty in the 
pres erva t i on of the church . All dec i s ions are made by the 
c ommun i ty . Th i s  pre s ervat ion approac h  has resulted in a 
c omprehens ive survey and evaluat ion of h i storic churches in New 
Mex i c o , ident i f ic a t ion and interact ion w i th c ommun ity member s ,  
response to r eque s t s  for techn i c a l  a s s i s tance and the deve lopment 
of prese rva t i on p lans now in var ious stages of imp l ementation by 
the c ommun i t i es . 

Background of C u l tural Tradit ions 

The e a r l i e s t  c hurche s in New Mex i c o  were c ons truc ted under the 
direct ion o f  Franc i sc an f r i ar s  in the s eventeenth and e i ghteenth 
c entur i e s  when New Mex i c o  wa s a remote prov ince o f  New Spain . The 
c hurches and surrounding c ommun i t i e s  were c lustered near Indian 
Pueblos a l ong the Rio Grande ( s ee f i g . 1 ) .  The adobe church was 
located in a prominent locat ion a l ong the plaza ( se e  f i g .  2 ) . 

The c hurches focused commun i ty e f f ort ut i l i z ing a l l  ava i la b l e  
loc a l  mater i a l s  a n d  human re sourc e s . T h e  adobe wa l l s  were 
construc ted by the women and c h i ldren wh i l e  the men f e l l ed the 
trees and shaped them into roof beams . The women pla s tered the 
wa l l s  w i th mud mixed by the men . 

Recogn i z ing the necess ity for cyc l i c  maintenanc e ,  " in 1 7 3 1 , 
Father Juan Migue l Menchero admonished the f r i ars to emulate the 
zeal o f  the ' o ld Fathers ' in maintaining the fabric of their 
churches and c oventos , espec i a l ly ,  in r epa iring dra ins and other 
things that c an cause their destruc t i on "  ( 1 ) .  Cyc l ic ma intenanc e 
a c t i v i t i e s , s imi lar to those requ i r ed today , inc luded remudding 
the wa l l s  and f l oor s , c l eaning out the wooden c ana l e s , or roof 
dra ins , and remov ing b i rd ' s nests . The f l at mud roofs reta ined 
water , and periodic ma intenan c e  c on s i s ted of rep l a c i n g  rotted roof 
t imbers and the upper courses o f  adobe bricks . 

Dur ing the latter part of the e i ghteenth c entury , s e t t l ements 
spread outwards into the adj a c en t  mounta ins and va l l eys as the Rio 
Grande Va l l e y  became crowded , and irrigable land grew scarce ( se e  
f i g . 3 ) .  De spi t e  the decreasing number of F ranc i s c an s , c hurch 
bui lding c ont inued l ed by determined c ommun i ty members . " By the 
early ninete enth c en tury , the Church in New Mex ico had become for 
a ma j or i t y  of New Mex icans a Church wi thout c l ergy" ( 2 ) .  To f i l l  
t h i s  vacuum , men un i ted i n  a r e l i g ious soc iety known a s  the 
Brothers o f  Our Father Jesus of Na zareth , or c ommon l y  c a l l ed 
Penitente s . The Hermanos , or brothers , "periodic a l l y  sacra l i zed 
an entire s e t t l ement " .  The morada , or chape l ,  became the c enter 
from wh i c h  proc e s s ions to c a lvarious , c omposantos , oratorios and 
churches wove a kind of sacred network around the c ommun i ty "  ( 3 ) . 

The n ineteenth c entury introduc ed an era of rapid regiona l 
soc ioeconomic changes brought about by the naming of New Mex ico a s  
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d Uni ted S t a t e s  Territory . I n  the latter part of the ce ntury , the 
ra i l road l inked New Mex ico to a larger ne twork of ava i lable 
re sourc e s . New fac tory-produced mate r i a l s  such a s  concrete and 
g l a s s  became ava l l ab l e . Viewed as technolog ic a l ly superior and 
labor-saving , n ew ma t e r i a l s  began to replace tradi t i on a l  
mater i a l s . Labor- intens ive mud p la s ter w a s  o f t e n  replaced by 
cement stuc c o . Only i n  the more remote v i l lages did the use of 
tradi t i onal mater i a l s  continue ( se e  f i g . 4 ) .  

The ra i lroad brought not on ly new material but an inf lux o f  
" ou t s i ders " .  T h e  sol idarity of the Hermanos w a s  cemented t o  
counteract the inf luen c e s  of foreign cul ture s . Cons equen t l y , they 
became a ma j or po l i t i c a l  a s  we l l  as soc i a l  forc e . " By preserving 
long-standing H i spanic Catho l i c  trad i t i on s , the Brothers o f  Our 
Father Jesus contributed substan t i a l l y  to s p i r i tual security and 
phy s i c a l  surv iva l in i so l ated v i l lage " ( 4 ) .  

Ma intenanc e o f  the c hurches was superv ise d in the pa s t , as it 
i s  today , by mayordomos , or lay church caretaker s . Each year , n ew 
mayordomos were s e l e c t e d  dur ing the func ion or c e l ebration of the 
feast of the patron o f  the c hurch and c ommun i ty . Fol lowing the 
Secon d  Wor ld War , the popu l a t ions of rura l v i l lages began to 
dwindle t r i ggered by f a l tering loc a l  econom i e s . The trad i t ion of 
cyc l ic maintenance of the c hurch rested on dec re asing popu l a t ions 
c on s i s t ing largely of older parish ioners . Despite adverse 
c ond i t i on s , c hurch ma i n t enance continued under the gu idanc e of the 
mayordomos and Hermanos . When a church wa s not be ing maintained , 
the Hermanos o f t e n  moved sacred art i f a c t s  into the moradas for 
prot e c t ion f rom vandi l i sm and mo i s ture . 

Dur ing the early twen t i e t h  ce n tury many n ew structures were 
c on s t ruc ted emulat ing the m i s s ion s t y l e  o f  architec tur e , wInch 
rekindled an appr e c i a t ion for the original m i s s ion c hurches . The 
increased awareness o f  the c hurches and the ir deter iorated 
c on d i t ion led to isolated r e s torat ion pro j e c t s . I n  1 9 8 5 , the 
f i r s t  survey o f  h i s toric churches was i n i t iated by the State of 
New Me xico H i s t or i c  Pres erva t i on O f f i c e  and the New Mex i co 
C ommunity Founda t i on with funds from the Na t ional Hi s tor ic 
Pres erva t ion fund and the National Endowment for the Art s . 

Archbi shop Robert Sanchez f ormed the C omm i s s ion for the 
Pres erva t i on o f  H i s toric New Mex i c o  Churc hes in 1 9 8 7 . The 
Comm i s s ion was conce ived to se t po l ic i e s  for and over s e e  the 
preservat ion of hi storic Roman Ca tho l i c churches in the 
Archdioc e s e  of Santa Fe . The southern D ioce se  of Las C ruc e s  and 
west ern D ioce se  o f  Gal lup also work for the pres erva t i on of their 
churches as do Protestant c hurch owners . 

Today , through the creation of a partner ship among 
c ommun i t i e s , c hurch leaders , the New Mex ico Commun ity Founda t ion , 
many volunteers and funding source s , the h i s toric adobe churches 
are being prese rved for future genera t i ons to e n j oy . 

Preservat ion Approach 

New Mex i c o  Commun i ty Foundat ion works with communi t i e s using a 
pres erva t i on pro c e s s  wh ich reinforces the h i s toric fabric by 
encoura ging the value s , trad i t i ons and techn i ques wh i c h  created 
and s t i l l  support the c hurches . The proc e s s  s imul taneous ly 
diminishes ma j or threats of deteriorat ion wh i l e  st rengthening a 
c ommun i ty ' s  a b i l i ty to cont i nue pres erving i t s  c hurch ( s ee f i g . 
5 )  . 

Pres ervat i on of e s t a b l ished 
c ommuna l  c y l i c  maintenance where 
l ead a nnua l work on the c hurch . 
the presence of over 800 adobe 

c hurche s i s  characteri z ed by 
the mayordomos and/or Hermanos 
This tradi t i on has resulted in 
c hurches in the State today . 

Respecting the 
" Churche s : Symbols 
princ i p l es : 

patterns o f  
of Commun i t y "  

commun ity 
pro j ec t  

pres erva t ion , the 
f o l lows the basic 

i .  c ommun ity dec i s ion making 
2 .  communi t y  i nput and informa t ion exchange a t  each step 
3 .  honor and respect for c ommun i t ie s  and c hurches 
4 .  r e spe c t i n g  the pride o f  ownership 

NMCF e nc ourages c ommun i ties to use sound cons ervat ion 
princ i p l e s . Communi t i e s  are recogn i z in g  that the b e s t  ava i l a b l e  
m e a n s  of preserv ing adobe s truc tures i s  through the use of 
tradi t ional methods and materia l s . The poten t i a l l y  deleteri ous 
e f fe c t s  of incorpora t i n g  modern mater i a l s  i s  evident in the many 
examp l e s  o f  deter iorated adobe c hurche s c l ad in c ement stucco . 
For i n s tanc e , the c ommun ity of Ranrhos de Taos deci ded to remove 
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the c ement stucco from the i r  church in the 1 9 7 0 ' s .  The rear adobe 
but tress had a lmost c omp l e t e l y  d i sappeared leaving on l y  the c ement 
s tucco skin ( s e e  f i g . 6 ) .  Each year c ommun ity members donat e  a 
week each of their t ime to rep last e r the church u s in g  mud . 

The development of pres erva t ion p lans and imp l ementat ion must 
be accomp l i shed through s en s i t ive exp lanat ion o f  suc c e s s e s  and 
f a i lures ( s e e  f i g . 7 ) .  Modern techno logical advances employed in 
past maintenance pro j ec t s  were c on s idered s t a t e  of the art and 
were ut i l i z ed as the b e s t  ava i la b l e  means to maintain the church . 
The Taos c ommun i ty ' s  observa t i on of increa s ed and rapid 
deteriorat ion of the adobe s truc ture a s  a result o f  the use of 
inappropriate advanced technol ogy has l ed to recons iderat ion of 
the use o f  tradit iona l mater i a l s  and techniques . 

An awaren e s s  of c ommun i ty c onc erns is cruc i a l , regard l e s s  of 
amount of t ime consumed ,  to ma intain a r e l a t ionship o f  mutua l 
respec t .  O f t en , tradit iona l ma teria l s  are thought to be infer ior . 
I n  rur a l  c ommuni t i e s , adobe is often a s soc iated with ec onomic 
depre s s ion . I n  Chacon , the building c omm it t e e  of La Cap i l l a  de 
San Antonio wa s divided over tear ing o f f  the c ement stucco and 
concrete p lynth or c ontrapared , wh ich l ined the base of the wa l l .  
Hi stor i c a l  architect Anthony Crosby car e full y pointed out the 
a f f ec t  o f  c ement p la st e r in the pres erva t ion plan : 

Dama ge even when i t  does occur is not e a s i ly 
detec t a bl e  and a great deal of damage can occur 
before there i s  even the s l i ght e s t  h int that a 
prob l em e x i s t s . Hard c ement stuccos do not echo 
internal c ondit ion unt i l  i t  may be too late for 
norma l repa i r . I n  the c a s e  o f  Chacon , we may we l l  
have ident i f i ed the prob l em b e f ore i t  becomes 
unmanageb l e . But even here some structur a l  repa ir 
and rebui lding i s  nec es sary . As in many s imi lar 
c a s e s , water has ga ined a c c e s s  to lower portions of 
the wa l l s  and because of the r e l a t ively imperv ious 
stuc c o , has not evapora ted . As the wa l l s  become wet 
they qui c k l y  loose the i r  s trength and i n i t i a l ly 
begin to s lump or c ompr e s s  because of the we i gh t  o f  
t h e  uppe r  p a r t  o f  t h e  wa l l s  ( s e e  f i g . 8 ) .  As they 
cont inue to s lump , s t ructur al cracks w i l l  begin to 
form and the entire adobe s tructura l system may 
f a i l  as portions o f  the wa l l s  begin to act 
independently ( 5 ) . 

Fol lowing th i s  explana t i on , the c ommun i ty dec ided to remove 
the c ement stucco and c onc rete p lynth ( s ee f i g . 9 ) .  The harmful 
e f f ec t  o f  c ement on adobe s truc tures became c l ear l y  evident upon 
removal of the concrete and stucco on the work day held during the 
summer of 1 9 8 9 . The wa l l s  were extreme ly wet . ,  �our s ing patterns 
o f  adobe bricks were indist ingu ishable a t  the base of the wa l l s . 
In other p l a c e s , the adobe s were severely eroded . A pattern of 
wh i t e  spot s , or e f f lorescenc e , indicated that mo i s ture had moved 
through the wa l l. 

Thus , educ ation is a ma j or c omponent of a c ommuni ty ' s  a b i l ity 
to c ont inue pres erving i t s  church . Understanding o f  tradit ional 
building systems , o f  presently ava i lable techno logy and 
appropriate use of the t ecnology is a neces sary ingredient in 
pa s t , present , and future dec i s ion making a bout maintenance of the 
church . Preservat ion workdays are the b e s t  opportunity for the 
exchange o f  ideas and the educ at ion of a l l  partic ipants regarding 
the deteriorat ion o f  adobe , a s  we l l  as u se  o f  tradit iona l 
mate r i a l s  and technique s . A work day sponsored by the c ommun ity 
o f  Chacon involved replastering the church w i th l ime p l a s t e r . 
Area pro f e s s ional p l a s ters , interested in the use of l ime p laster , 
he lped replaster the church ( s e e  f i g . 1 0 ) wh i l e  c ommun i ty youth 
were ins truc t ed in mixing and app l ic a t lon proc edure s .  The result 
has been a renewed interest in the use  of l ime p la s t e r . 
S im i l a r l y , dur ing workdays sponsored by the c ommun ity of Las 
Trampas in 1 9 8 7 , part i c ipants learned tradit iona l p l a s tering 
techniques f rom e n j arradoras , or �omen p l a s terer s , using mud 
supp l ied by the men ( se e  f i g . 1 1  ) ' .  

Another c omponent o f  " Churche s : S ymbo l s  of Commun ity" 
pro j ec t s  i s  the r e l iance on vo lunteers and donated mat e r ia l s . A 
long l i s t  of techn i c a l  advisors has been deve loped to a s s i s t  
c ommun i t i e s . The networking of interested par t i e s  enlarges the 
r esourc e s  ava i lable to a c ommun ity and f ac i l itates pro j ect 
imp l ementa t ion . Recent l y , an adobe yard in the southern part of 
the state donated adobes for the repa ir o f  the wa l l  of a church in 
the northern part o f  the state . Volunteers rented truc ks to 
transport the adobes to the c ommunity . 
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Pres erva t i on Proc e s s  

T h e  pres erva t i on proc e s s  c ont inues to evo lve as each pro j ec t  and 
c ommun ity make valuab l e  c onstribut ions . Thus far , the proc e s s  i s  
t h e  f o l l owing : 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

Research 
A c omprehens ive st at ewide pro f e s s i on a l  s\lrvey and 
inventory of churches i s  s eventy - f ive percent 
c omp l e t e . The survey f orms iden t i f y  ba s i c  
in f orma t i on o n  cons truc t ion date , architectural 
s t y l e , archi t e c tura l description , c ondi t ion , 
photographs , sketch s i te p lan and f l oor p lan , 
and c ommun ity conta c t s  ( se e  f i g .  1 2 ) .  

Target ing 
Us ing informa t i on from the survey , NMCF targets 
c ommun i t i e s  in wh ich historic churches are 
immedi a t e l y  threatened and wh ere c ommun ity interest 
i s  h i gh . Now that the program i s  better known , 
numerous reque s t s  for a s s i s tance are rec e ived . 

Commun i ty Organ izat ion 
Church leaders , mayordomos , and parish o f f i c i a l s  
a r e  contacted and a c ommun i ty meeting i s  h e l d  to 
prov ide in f ormat ion on ava i l ab i l i t y  o f  NMC F 
a s s i s tanc e , o f f e r  informa t i ona l videos and 
handbooks if requested , a s s e s s  ex i s t ing re sourc e s , 
and h e l p  forge a plan of act ion ( s ee f i g . 1 3 ) .  

Commun i ty S e l e c t i on 
Commun i t i e s  are s e l ec ted for NMCF a s s i st anc e 
depending on the i r  init iat ive and desire for such 
a s s i s tanc e , the extent which the church i s  
threatened , and the ava i l a b i l ity of matching 
c ommun ity r e s ources . 

Prof e s s ional S i t e  Inspect ion 
An i n i t i a l  s i t e  inspect ion is schedu l ed to provide 
addi t i ona l  documentation , cond i t ion a s s e s sment , and 
to make recommendat i ons for addit iona l pro f e s s iona l 
serv i c e s . I n  some c a s e s , a l l  that i s  required i s  
i n i t i a l  on - s i te advi c e . Where more ser i ous prob l ems 
are i denti f i ed , a subs equent deta i l ed s i t e 
inspect i on may be rec ommended . 

Deta i l ed S i t e Inspec t ion 
A pro f e s s ional f rom a l i s t  of interested techn i c a l  
experts i s  sugge s t ed to t h e  c ommun i ty to author a 
deta i l ed pres erva t i on p l an . The c ommun ity s e l e c t s  
a pro f e s s iona l . T h e  pro f e s s iona l document s  the 
church w i th photographs and drawings , c o l l e c t s  
samp l e s , a n d  develops a scope of work . The 
c ommun i ty revi ews the plan and decides on 
appropr i a t e  work . 

7 .  Imp l emen t a t i on 
A f o l l ow -up c ommun i ty meet ing is h e l d  to s e t  a 
t imetab l e  for gathering mater i a l s  and l abor . Loc a l  
resourc e s  are  used as much as pos s i b l e . Onc e the 
schedu l e  of work , cr ew , individua l s , and c o s t s  is 
determined , workdays are schedu l e d . Outs ide 
volunteers are recruited a s  desired by the 
c ommun i ty . Volunteers from nearby c ommun i t i e s  or 
f ormer res iden ts are preferred . Workdays f urther 
s trengthen soc i a l  fabric . The mayordomo or other 
c ommunity- s e lec ted l e ader directs the workday . 
Add i t i on a l  documenta t i on of h i storic mater i a l s  i s  
performed . Add i t iona l samp l e s  are c o l l e c ted . 

8 .  Summary R eport 

9 .  

NMCF writes a summary report of work ac c omp l i shed , 
obj e c t ives atta ined and l e s sons l earned dur ing the 
pro j ec t . 

Tra ining 
Training programs inc lude handbooks , videotape s , 
workshops and workdays . Training may be 
c oord inated w i th church leaders . A l l pha s e s  o f  the 
proc e s s  involve an exch�nge o f  techniques and 
s k i l l s . 



F i gure 1 3  
Commun ity Meet ing to 
D i s cu ss Work 

F i gure 1 4  
Removing C ement S tucco 
Before Mud P l a s t e r  
S a n  Franc isco de Ass i s i  
Ranchos d e  Taos , New Mexico 
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10 . Networking 
Key to the program i s  prov i ding c ommun i t i e s  w i th 
serv i c e s  and mater i a l s  necessary for the c ont inued 

pr e s erva t ion o f  the c hurche s . Suc c e s s  is measured 
by the gradua l deve l opment o f  a s e l f - su f f ic lent 
network e l iminating the eventua l need for the 
" Churche s : Symbols o f  C ommun ity" preservat ion 
pro j ec t  or other f orms o f  support . 

Con c lusion 
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In a t ime of econom ic dec l ine , rur a l  c ommun i t i e s  of ten need 
addi t iona l  support in c arrying out the pres e rvat ion of their adobe 
churches . . New Mex i c o  C ommun ity Foundat ion i n i tated the 
" Churche s : S ymbo l s  o f  Commun ity" pro j ec t  to provide nec e s s ary 
a s s i s tanc e . Yet , the tradit iona l bonds between c ommun ity and 
church must not be weakened by out s ide intervent ion s ince it i s  
t h e  l oc a l  re sourc e s  wh i ch  w i l l  c ont inue to prese rve the church . 
Through c ommun i ty- s e l ec t e d  services and re sourc e s , the c hurches 
are r e s tored , using tradit iona l techniques and materia l s , to a 
c ond i t ion mainta inab l e  by the c ommun i t i e s  ( s e e  f i g . 1 4 ) . 
Fol l owing thi s ,  a support network a s s i s t s  the c ommun i t i e s  to 
c ont inue the work . 

Archbi shop Sanchez exp l a ins : 

" The very f a c t  that we have churches that are over 
2 5 0  years o l d , t e l l s  us that our people have a lways 
been c oncerned and have a lways loved their churches 
and want to preserve them . The churches have been 
part o f  the ir l i f e . And because we have them 
today , we need to make tha t ef fort so tha t our 
c h i l dren and our c hi ldren I s chi l dren w i l l  have an 
opportun ity to worship in these same beaut i f u l  
temp l e s  o f  G o d  t h a t  have been p a r t  o f  our family 
l i f e "  ( 6 ) .  

The ancestors o f  New Mexic o ,  a land of great beauty and r i c h  
h i s tory , knew the importance of c oopera t i on , c ommun ity a n d  cyc l ic 
maintenanc e .  The adobe churches are symbo l s  of that know l edge . 
The generat ions tha t f o l low reta in the vivid s p i r i t  of c ommun ity . 
Working together t o  maintain the church i s  a task that each 
genera t i on c arrie s out f a ithfully for the sake of the next . 
Today , these humb l e  adobe churches stand as symbo l s  of that grea t 
trad i t ion for a l l  the wor l d  to admire ( s ee f i g . 1 5 ) .  

F i gure 1 5  
Nino Jesus Church 
La Pueb l a , New Mex i c o  
Photograph b y  K irk G i t t ings 



F i gure 1 6  
Adobe Church 
O j o  Sarc o , New Mex i c o  
Photo b y  Betsy Swanson 
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ABS'IRAcr 

Turkey , an important civilization 
center throughout the ages , has 
a significant number of histori­
cal monuments and sites . Preser­
vation of this historical he­
ri tage is an issue of prime 
importance . The basic building 
fabric in most of these histori­
cal and cultural structures and 
sites is earth. These buildings 
are more severely affected by 
nature throughout the ages due 
to well- known disadvantages of 
adobe such as low mechanical 
properties and low resistance to 
moisture . 

A research study was performed 
to evaluate pozzolanic mixtures 
that incorporate brick powder, 
lime, and fly ash combinations 
for use in conservation problems 
of historical structures . 

The results showed that most of 
the mixtures produced adequate 
strength and durability . It 
seems like an ideal material for 
adobe plaster amendments and 
historical wall treatments . Best 
of all , the color and texture 
of the mixtures can easily be 
modified to give the original 
historical appearance of the 
structure . 

KEYI'KlRDS 

Conservation , restoration , fly ash , 
lime , powdered brick , pozzolanic 
reaction , earthen architecture. 
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A NEW RES'IDRATION MA'IERIAL FOR AOOBE S'lRUC'lURES 

Dr. Blilent Baradan 
DOkuz Eyllil University 
Civil Engineering Department 
MUhendislik-Mimarllk Fakliltesi 
Bornova 35100 iZMiR-TURKEY 

Introduction 

Earth is one of the oldest building materials known to man. It has been in 
use for centuries and is currently being used by a large percentage of the 
world ' s  population . In addition to the continued need for earth as a 
construction material in underdeveloped areas , the preservation of existing 
monumental or historic earthen buildings has recently become an issue of 
major importance [ 1 ] . 

Basic techniques used in the manufacture of sun dried earth bricks were 
developed many millennia ago . Specific methods vary somewhat with geographic 
areas and cultural traditions , but in principle, they are basically the 
same . These techniques involve mixing earth or soil with water and molding 
the mixture into various sizes and shapes , which are then sun dried for use 
as building blocks . Many techniques used today have changed little from 
early methods . Most of these methods make use of local resources , are 
labor intensive , and are logical and effective [ 2 ] . However , it is common 
knowledge that adobe buildings are not sufficiently resistant to 
the destructive action of nature , especially water . 

Turkey has been home to numerous civilizations dating back to the 
Paleoli thic and Neolithic ages . Excavations have brought to light the 
remains of many cultures such as the early Bronze Age Hatti , Hittite , Lydian, 
Roman , Byzantine , Seljuk Turks and Ottoman civilizations . Adobe was commonly 
used by all these civilizations for structures ranging from dwellings to 
colossal monuments . Today , The most severely damaged buildings gene­
rally are found to be made of adobe . 

Conservation and restoration of these historical sites is of the utmost 
importance. The use of natural unstabilized adobe plaster to preserve 
adobe walls has produced unsatisfactory results . Mortars made with 
traditional binders are not harmon ius with the original structure. There 
is always a need for suitable restoration and conservation material that 
will preserve the structure without altering its original appearance. 

Recent research has been inspired by a historical binder used 
throughout the centuries in Anatolia by Seljuk Turks and Ottomans . This 
binder was called " Horasan" and composed of fired brick powder , lime , and 
water [ 3 ] . In some references ash and egg-white are also included in this 
composition, but there is no evidence concerning the exact ratios of these 
materials . In this study , powdered brick , hydrated lime , and fly ash were 
used to develop a binder to fulfill these needs . 

Materials 

One of the most widely used building materials in Turkey is fired brick . 
About 10 % of the 800 million bricks produced in 1988 were deformed , 
irregular or damaged . These by-products are not utilized in any way . For 
the purpose of the present study these wastE'E were crushed and reduced to 
fine powder ( see fig . 1 ) . Hydrated lime , available in commercial paper 
sacks , was also used. 
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Fig. 1: Grain size distrubition of Powdered Brick , Lime and Fly ash 
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The other ingredient , fly ash, is a by-product of the coal combustion 
process at power plants . To prevent air pollution caused by thermal plants , 
electrostatically precipitated fly ash accumulates daily throughout the 
world in enormous quantities . This quantity of by product causes serious 
environmental , technical , and economic problems that need to be solved [ 4 ] . 
Fortunately , this fly ash by product can be effectively utilized because it 
is a pozzolana siliceous material which , in the presence of water , will 
combine with lime to produce a cementitous material . 

In the present study fly ash samples from Soma B thermal plant were 
used in experiments . This plant consumes 1 . 75 million tons of low calorie 
lignite ( 2400 kcal/g ) every year , with a 41 % c-type ash output . The 
chemical and physical properties of the ash are shown in Tables 1 and 2 .  

Table 1 : Chemical Properties of 
Soma B Fly Ash 

Compound Chemical Composition 
by weight ( % )  

Si0
2 4 7 . 4  

A1203 25 . 1  

Fe203 6 . 8  

CaO 12 . 1  

MgO 1 . 44 

S03 1 . 60 

Ti02 0 . 60 

Na20 0 . 10 

K20 0 . 50 

P205 0 . 30 

Loss on 1 . 1  
ignition 

Undet . 2 . 96 

Experimental Studies 

Table 2 : Physical Properties 
of Soma B Fly Ash 

Property Value 

Specific gravity 2 . 39 

Min. unit weight 1 . 00 g/cc 

Comp . unit weight 1 . 18 g/cc 

% Passing # 40 sieve 98 
" " 100 " 96 

" " 200 " 92 
" " 325 " 84 

Specific surface 
2 

2830 em /g 

Pozzolanic activity 82 kg/em 
Index 

Various amounts of fly ash and lime were added to brick powder to start 
pozzolanic reactions and to increase the mechanical , physical and workability 
properties of the compositions . 

Dry and wet mixing procedures of the mortars were accomplished by means 
of a homogenizer and a Hobart mixer to ensure uniformity. Fabrication of 
the specimens was accomplished by table vibration in steel forms . The 
specimens were then stored under laboratory conditions until testing . 
Standard 4 x 4 x 16 em prism specimens were tested for flexural and 
compressive strengths . 

Compressive strengths were determined on 'portions of prisms broken in 
flexure test .  A series of the tests were repeated on duplicate specimens 
soaked in water for four hours . 

Compositions and their respective flexural and compressive strength 
variations are shown in figures 2-5 . 

Some of the mixtures have also been tested for their sui tabili ty as a 
binder material in adobe bricklaying and in plastering adobe walls . 

Conclusions 

From the preceeding tests and information, the following general observations 
and conclusions can be stated : 

1 .  The generally required compressive strength for adobe bricks is about 
1 . 0  N/mm 2. Even the lowest compressive strength of the test series is higher 
( 1 . 2  N/mm 2 ) than this value . In some compositions ( 85% powdered brick , 
12% fly ash, 3% lime) this value reaches up to 8 . 3  N/mm 2 in 28 days . 

2 .  The main deficiency of adobe structures is tneir susceptibility to 
water damage . The mechanical properties of the duplicate specimens did not 
decrease meaningfully even after four hours of soaking in water. This can 
be attributed mainly to the pozzolanic properties of fly ash and lime . 
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3 .  The color of mixtures can be altered from red to grey within a wide 
range by changing the proportions of the ingredients . This procedure does 
affect the mechanical properties , but this does not create a problem due to 
adequate mechanical properties of all compositions . 

4 .  These pozzolanic mixtures can be used for a variety of purposes and seem 
to be an ideal preservation and restoration material since they may be used 
in brick forming , repairing , and plastering , or as a binder. 

5 .  The plaster application of some compositions to test walls was quite 
efficient and very few shrinkage cracks were observed . 

6 .  Uni t weight of specimens varied from 1 .  285 g/ cm
3 

to 1 .  260 g/ em3 
. 

Coefficient of thermal conductivity A was determined as 0 . 202 kcal/mh C for 
the mixture stated in item 1 .  These results indicate that these mixtures 
may be used in manufacturing structural elements in the form of panels or 
blocks . And if further tests reveal positive results , these structural 
elements may be economical too , since the two main ingredients , fly ash and 
brick powder ,  are discarded by-products . 

References 

1 .  T. Erdogan , "Material Properties and Stabilization of Adobe Brick Blocks" .  
Middle East and Mediterranean Regional Conference on Earthen and Low­
Strength Masonry Buildings in Seismic Areas Conference Proceedings , 
Ankara , August 31 - Septe mber 6 ,  1986 : 257 - 263 . 

2 .  P . G .  Mc . Henry , Jr. , "The Role of Earth Block Manufacturing Today" Middle 
East and Mediterranean Regional Conference on Earthen and LOW-Strength 
Masonry Buildings in Seismic Areas Conference Proceedings , Ankara , 
August 31- September 6 ,  1986 : 167 - 170 . 

3 .  M .  Larousse Encyclopedia , Vol . 5 ,  Istanbul, ( 1985 ) : 605-606 . 

4 .  B. Baradan , "Fly Ash-Cement Based Structural Materials" ,  The International 
Journal of Cement Composites and Lightweight Concrete , Vol . 9 ,  No . 4 
( 198 7 ) : 225 - 228 . 



ABSTRACT 

Efforts are underway to preserve 
tradi tional buildings in the King­
dom of Saudi Arabia .  Much of this 
work is being concentrated at 
Dir ' iyah , the original capital of 
the ruling Sa ' ud Dynasty.  A ruin 
since 1818 , historic Dir ' iyah is 
under the administration of the 
Department of Ant iquities and 
Museums . Work at the site involves 
researching the his tory of the 
site , investigating and analyzing 
the surviving structural remains , 
underst anding and developing tra­
dit ional building craf ts  and tech­
niques , developing stabilization 
and interpret ive plans for signi­
ficant buildings and the site in 
general , the construct ion of an 
on-site museum , and the s elective 
reconstruction of s ignif icant 
buildings in the al-Turaif Quarter 
of the old city of Dir ' iyah . 
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Naj d 
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stabi lizat ion 
recons truct ion 
climate 

1 .  Aerial view of Dir ' iyah 
showing the locat ions of al-Turaif 
and other quarters of the city.  
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The site  of Dir ' iyah includes both palaces of the rulers and houses of the common 
people . The vast scale of the ruins , including those of the large palace s ,  
represents a n  enormous task in the preservat ion and interpretat ion of the site . 
A maj or problem in researching and analyzing Dir ' iyah ' s  structures is the devas­
tat ion they received at the hands of the Egyptian army . This ,  in combination 
with 130 years of neglect and weathering , has left many structures only as wall 
f ragments .  As a result of the rapid growth and development occurring in the 
Kingdom , in Riyadh , and in the new Dir ' iyah suburb in part icular , there are 
fewer and fewer comparable surviving structures on which to base research . 

Historical Overview 

The deserted city of Dir ' iyah , impressive today in its ruins , is the foremost 
physical symbol of the longest rul ing dynasty in the Arabian Peninsul a ,  the 
dynasty of Sa ' ud .  This f amily made its beginnings there in 1446 , founding 
Dir ' iyah as a farming homest ead . Through a combination of successful agr iculture 
and local leadership it  steadily increased its inf luence over adjoining terri­
tories . With increased pol it ical inf luence , Dir ' iyah grew f rom a few family 
houses to respectable township size . Throughout , it maintained its pol itical 
independence and , by its third centennial ,  Dir ' iyah had become a we ll-established 
and respected town in the central Naj d .  

I n  1745 , the Saudi rulers entered a new phase o f  their history . First 
giving refuge to the f iery preacher and reformer Muhammad bin Abdul al-Wahhab , 
then j oining his cause to promote morality and pious government , the Saudis 
became leaders of a reformi st  government which grew over the next seventy years 
to encompass nearly all of the Arabian Peninsul a .  

Dir ' iyah remained the capital throughout this period of expansion . It 
underwent its greatest growth at this time , both in terms of buildings and popu­
lation . By 1810 annual taxes were collected from as far as the Hij az , Yemen , 
Oman , and the desert reaches of Iraq and Syria . While most taxes were spent on 
the burgeoning state ' s  army , as much or more was distributed as welfare . Some 
funds were also earmarked for buildings in Dir ' iyah as well as to house and 
maintain the ever increasing number of court ret ainers ; Sa ' ud bin ' Abdul al­
' Aziz had perhaps 1700 in residence at his death in 1814 . 

At the peak of its  expansion the Saudi state suffered a severe setback at 
the hands of the Egyptian army of Mohammad Al i .  For Dir ' iyah it was a death 
blow . Marching first into the Hijaz in 1811  to res tore the Ottoman flag to the 
Holy Cities of Is lam (Makkah and Medinah ) , Mohammad Ali then det ermined to des­
troy completely the Sa ' ud dynasty that had seized them . In 1818 Dir ' iyah fell 
into Egyptian hands after f ierce f ight ing . The captured Saudi ruler ' Abdullah 
was sent off to Istanbul and death;  Dir ' iyah was evacuated and razed to prevent 
it f rom ever rising again.  

Mohammad Ali ' s  plan failed in one respect ; the Sa ' ud family he thought 
thoroughly subj ugated rose only a f ew decades later to rebuild their independent 
state . Their capital , however ,  was moved to Riyadh . After abortive attempts 
to rebuild Dir ' iyah immediately following the disaster , the city was ultimately 
left in ruin , deserted.  Today its  ruins st and as a living historical test imony 
of the ancest ral home of the Sa ' ud family and their f irst period of rule over 
the peninsula.  

The Development of Dir ' iyah 

The Naj d is a great plain of gravel , striated by sand bars , with occasional 
outcropping mountains . Settlement s are found primarily in the eastern por tion , 
grouped along the Jabal Tuwaiq Escarpment . . Dir ' iyah is located in the center 
of this arc , in the Wadi Hani fah .  

AI-Dir ' iyah is a n  oasis approximately 20 kilometers northwest  o f  present 
day Riyadh ( see f i g .  1 ) . The wadi , a narrow ribbon hemmed in by abrupt cliffs  
on both sides , f lows southeast through the upper part of the oasis , bending east 
before pass ing through the main settlements . Date gardens are on a raised step 
above the valley floor , protected from the f loods by a levee of large stone 
blocks as high as 3 meters . 

Author to whom correspondence should be addressed . 
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\ 
2 .  Plan of the al -Turaif Quar­
ter showing the locations of the 
Palace of Omar ( 1 ) , the Subaalat 
and Mosque of Moudhi ( 2 ) , and the 
al-Turaif fortif icat ions ( 3 ) . 

3 .  Aerial view of the al­
Turaif Quarter of Dir ' iyah taken 
in the 1950 ' s .  

4 .  Sketch of the box frame (al  
Milben) used for making adobe 
bricks . 

5 .  Sect ions illustrating typi­
cal types of f loor/roof construc­
t ion . 
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Evolving into an integrated group of hamlets and date groves within and 
along the wadi , Dir ' iyah ' s  fortif icat ions were gradually extended to encompass 
increasingly larger areas of set t lements and agricultural activi t ies . By the 
late eighteenth century Di r ' iyah was enclosed by a perimeter wall over 1 5  km in 
length . The evolut ion and construct ion of the al-Turaif Quarter of Dir ' iyah ( see 
f igs . 2 ,  3) for the Sa ' ud family and their retainers indicates the increase of 
poli t ical power and inf luence they , and Dir ' iyah as their capital , came to exert 
on the Naj d .  

Najdi Society 

Naj di society was the least influenced by non-Arab elements because of its  remote 
locat ion from the coastal areas . But this society was not complet ely isolated 
as the Najd was situated on the major t rans-Arabian caravan routes connecting 
the Red Sea , Makkah , and Medina on the west with the Gulf  and Syria on the east 
as well as Yemen in the south . It  was , perhaps , the religious a t t itudes of this 
area during recent centuries that t ended to make this area appear more remote 
and less open to foreign ideas . 

Dir ' iyah began to grow and become more 
porters of Shaykh Muhammad bin Abdul Wahhab . 
a center of learning , a magnet for merchants , 
work .  

cosmopoli tan a s  i t  at tracted sup­
And as it grew , Dir ' iyah became 

and a focus of people looking for 

Saudi Tradit ions and Techniques in the Use of Adobe 

Naj di archit ecture may be termed " tradit ional"  or "vernacular" in that it has 
been generated by a regional response to climate as well as social and pol it ical 
considerat ions . Maj or factors def ining this design tradit ion in the Najd were 
building materials and available skills . Tradit ional building changed little 
between the time of the first Saudi state and the mid-twentieth century. The 
structures surviving at Dir ' iyah thus provide a continuing basis for under­
st anding this vernacular t radit ion . 

The tradit ional architecture of the Naj d is dominated by adobe construc­
t ion . Yet the st ructures of Dir ' iyah frequently have numerous courses of cut 
limes tone as foundat ions . Geological circumst ances provided the Dir ' iyah area 
with an abundance of stone . The natural layering and fragmenting of the stone 
wadi cliffs  allowed for relatively easy quarrying . The concentrated use of stone 
indicates that labor was imported from other regions where knowledge of stone 
cons truct ion was more advanced . 

There were also specialists who made adobe bricks using rectangular wood 
frames ( al milben, see f i g .  4) which were set on level ground and f i lled with 
wet mud .  The clays and sands o f  the region are particularly well-suited for 
making adobe bricks and plasters . Adobe was also used as a roofing mater ial . 
Supported by wood logs ( t amarisk and date palm) set close together , the logs were 
covered by a thick palm frond mat layer which was , in turn , covered by a thick 
layer of adobe mud to form the roof (see f i g .  5 ) . Other specialized craft smen 
did the plastering and decorated doors , windows , lintels , and beams . 

At al-Turaif extensive coursed stone foundations were used in combination 
with adobe brick walls . Walls were also constructed with various layering tech­
niques utiliz ing stone fragments laid horizontally or in herring-bone fashion 
in adobe mud beds ( see f i g .  6 ) . Except for the exposed stone foundations , walls 
were coated with thick layers of adobe and gypsum plasters . Long thin stones 
were used to f rame many of the nonrectangular wall niches and openings , in par­
t icular the tradit ional t riangular keel arch found in mosques ( see f ig .  7 ) . 
Logs were generally inserted into the walls as lintels for rect angular doors , 
windows , and niche openings . 

Saudi architecture relies on pos t-and-beam cons truction .  Roof joists were 
set directly into the adobe walls , while larger beams sat on st one plates set 
into the walls to dist ribute the load and to prevent the adobe bricks from crush­
ing . Columns were used to develop large interior spaces (see fig.  8 ) . These 

, consisted of rough-hewn cylindrical stone drums set in adobe mud mortar and 
f inished with a coat of gypsum plaster . Each column had a rectangular f lat 
stone corbel capi tal that suppor ted the large multiple log wood beams . 

Water removal was handled by downspouts placed about the perimeter of 
exposed roof areas ( mirzam, see f i g .  9 ) . These consisted of half-hollowed 
tamarisk logs bui l t  into the roof const ruct ion . Roofs were sloped towards these 
downspouts , which were notched at the outer end to provide a drip to  throw water 
away from the wal l s .  

Ventilation openings were of maj or importance i n  control ling the climate 
of the interior spaces . Dir ' iyah ' s  buildings exhibit a wide variety of pat terns 
of small triangular and rectangular openings in the upper levels of exterior 
walls ( see f igs . 10 - 1 1 ) . These openings provided ventilat ion and privacy as 
well as being decorat ive . During the winter months the openings were plugged 
with mud plaster to prevent the entry of winter cold and to help retain heat . 

Decorative crenelat ions ( shurofa t mudarrajah, see f i g .  1 2 )  were found on 
parapet walls at the roof level and on courtyard rail ings . These provide modest 
decorat ion on the otherwise s tark , massive bui lding forms . Ornament and display 



6 .  Example of  horizontal 
coursed s tone used in in wall 
construct ion . 

7 .  Example of stone keel arch 
construct ion typically used in 
mosque and public building con­
struct ion . 

8 .  Detail of typical column 
cons truct ion showing both foot ing 
and beam . 

9 .  Detail of downspout (mirzam) 
construction .  

10 . Detail o f  the wall vent i­
lation pattern on the Sa ' ad 
Palace . 
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were generally restrained because of the prevail ing conservat ive rel igious atti­
tudes against ostent at ion . The vas t ,  stark walls were subtly textured by the 
broad-toothed scrapers that were used to apply the wall plaster . Inverted solid 
proj ect ing bands of triangular patterns w�re also used on the exterior surface 
both to decorate and deflect rain f rom the tall walls ( see f i g .  1 3 ) . 

Bright colors , in geometric and stylized patterns , were concentrated on 
the interior--doors , windows , and ceiling beams . Other int erior decorations were 
reserved for only the most important rooms , particularly the majlis ( the prin­
c ipal recept ion room for male vis itors ) . Here it  was not unusual to f ind f ine 
white gypsum plaster with incised or pressed s tylized flowers and geometric 
mot i f s .  

Architecture as. a Response to Climate and Culture 

The Najdi climate heavily inf luenced the main architectural forms and choice of 
material s ;  the culture a f f ected the overall planning , detailing , and decorat ion . 
Regional houses are generally two s tories high , contiguous to each other along 
narrow s treets . Where the street plan permits , houses are rectangular ; however , 
it is more common for house forms to be irregular , imposed by the labyrinthine 
pattern of the streets . Dir ' iyah is an example of this organic type of community 
where large groups of buildings are divided by narrow streets . 

While Ii ttle  research has been conducted on Najdi town planning , fortunate­
ly Riyadh was documented in the late nineteenth century , and much of the original 
plan survived unt il  the mid-twentieth century . Dir ' iyah , while a ruin , largely 
survives in plan , enabling a comparison with Riyadh . The two capital cit ies 
share a variety of similarities . The concentrat ion of houses was close to or 
surrounded the open squares that contained both mosques and markets , similar to 
the design that still  survives in many rural towns . The plan of Dir ' iyah has 
been succinctly described by Geoffrey King : 

AI-Di r ' iyyah , the former capital of the Al Su ' ud ,  is a special cas e ,  
for a s  the center o f  a great state , its buildings , their numbers , 
their scale and the extent of the fort ificat ions are all  unusual . 
Nevertheless , on the main citadel , al Turayf , the main f eatures of 
a Najdi settlement are still  observed in what is a well-preserved 
18th century town . Thus around the main mosque and an open area 
cluster the royal palaces and f urther out ,  the houses of lesser 
individuals . The whole was enclosed by wal l s .  The plantations and 
palm-trees are still  si tuated today below the main town in the wadi . 
Only its pecul iarly strong posit ion dis tinguishes al-Dir ' iyyah from 
other towns in the area : in other respects it has the same basic 
f eatures . [1 ]  

This community form had many advantages w ith  respect to both climate and 
culture . The narrow streets and courtyards provided pedestrians with protect ion 
from the sun and sandstorms . Attached bui ldings also limited the amount of wall 
surface exposed to the sun . With the f ronts of houses on narrow streets , doors 
and other openings were carefully organized so as not to interfere with those 
of a neighbor . The result was cooperat ive communal interact ion outdoors as well 
as privacy indoors for the inhabitant s .  

Building materials were also used a s  climate moderators . The combination 
of thick adobe walls as above ground shelter surrounding an open courtyard that 
provided light and vent ilation helped keep the inhabitants cool in the summer 
and warm in the winter . 

Equally unique are the cultural and spatial factors fostering a private lifestyle 
by providing outdoor space within the house--the introverted courtyard ( atrium) 
(see f i g .  16 ) . Courtyard houses frequently accomodated an extended family buil t  

around single o r  groups of linked courtyards , they permit ted t h e  free growth o f  
t h e  f amily . Houses were of ten modified o r  enlarged to meet the needs of the 
occupants and were fortif ied in time of war . 

Historical Documentat ion 

Few buildings in Dir ' iyah , or any other small Arabian towns and villages , are 
mentioned in wri t ten documents before the mid-nineteenth century . The remoteness 
of these sites , the lack of a written tradi tion , and the preference of non-Arab 
visi tors to record and discourse on the rel igious and social customs and habits 
rather than on the building arts make the documentation of specific  structures 
virtually impossible unti l  the development .of photography in the mid-nineteenth 
century. 

Known graphic documentation includes various sketch plans of towns that 
accompany the j ournals and accounts of visitors . Recorded more as a part of 
gathering political and military intelligence than for any interest in Arabian 
town planning concepts ,  only maj or physical sites and building complexes were 
noted.  Surviving historic photographs include many individuals and groups of 
people or general views that only occasional ly contain gl impses of structures . 
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1 1 .  Construct ion detailing of 
vent ilation pattern from the 
Mishari Palace . 

. 
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1 2 .  Typical decorative wall 
crenellation design . 

1 3 . Example of proj ect ing 
t.riangle design used for both 
decoration and rain deflect ion . 

14 . The Palace of Omar as it  
current ly exis ts as seen from the 
wadi . 

1 5 .  Model o f  the recons tructed 
Palace of Omar . 
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S tabilization and Restorat ion Approaches 

The stabilizat ion and recons truction plans prepared for the various structures 
were very conservative in their approach . These plans were sensitive to the 
integrity of the historic structures as wel l  as to the materials and techniques 
of construct ion . 

Several principles were established to guide the process . First , recon­
struct ion or repair work would not begin unt il  all the problems that had been 
causing the deteriorat ion of the adobe had been determined , analyzed,  and under­
stood . Second , adobe building materials would be replaced or repaired with the 
same types of materials that were used originally.  Simi larly , tradit ional con­
st ruct ion techniques would be util ized in the course of stabi lization and recon­
struction work.  

A f inal principle was to resolve problems and retain original historic 
materials whenever . It was realized that the st ructures under invest igat ion were 
"evolutionary" in natur e ,  and when occupied they received on-going maintenance 
to renew protective adobe and gypsum plaster coatings . It was necessary to 
recommend the demolition of structurally unsound components and to recons truct 
them completely with new , compatible materials .  No uniform approach was pos­
sibl e ,  but every area of the structures was evaluated with respect to the extent 
of physical intervention necessary to achieve total reconstruct ion . 

Where components of the structures no longer existed , recons truction pro­
posals were based on historical evidence or phys ical evidence noted in contem­
porary s tructures to al low for the accurate replicat ion of missing f eatures . 
The obj ect ive was to keep design speculat ion to an absolute minimum . 

Although a wide variety of new materials , in particular surf ace coatings , 
additives , and waterproof ing agent s are available and have been tested , the 
results to date indicate that mos t ,  if not a l l ,  of these modern materials result 
in various forms of chemical changes , discolorat ion , or are incompatible with 
indigenous materials . Recommendat ions specif ically ruled out the use of any new 
mat erials in the stabilization and reconstruct ion process , speci fying only tra­
ditional materials and techniques . 

Project Program and Documentat ion Techniques 

Proj ect contracts called for a multiple-phase program consis ting of on-site 
analysis and test ing ; archaeological invest igations ; photographic and video 
documentation ;  architectural and historical analysis ; preparation of four sets 
of documentary drawings--existing condition , proposed f inal conf igurat ion , demo­
lition , and reconstruction ; specif ications ; and bills of quantity.  In addition , 
the proj ect also cal led for several summary publications for use in site inter­
pretat ion . 

Archaeological investigat ions conducted as part of the site documentat ion 
were designed to delineate suspected portions of wal ls and columns . These were 
sometimes partially extant but were buried under debris from the siege and sub­
sequent weather-related deteriorat ion . Also documented were original finished 
f loor levels . Once these f eatures were determined , the overall clearing of the 
rooms and courtyards was undertaken . 

Rough excavation work was conducted with pick-axe and shovel , occasionally 
with trowel and brush , and the rubble removed was monitored for the presence of 
artifacts , a few of which were recovered at each site . Searching for ar tifacts 
was not a signif icant component of the excavations because Dir ' iyah ' s  occupants 
were given the opportunity to remove their possessions prior to the devastation 
of the site . 

The structures were visually and physically inspected to determine the 
physical condition and any structural problems . A room-by-room inventory and 
photo documentat ion was conducted to record material condi tions , structural 
faul t s , and surviving design component s .  Also carefully reviewed were surviving 
examples of tradi tional building techniques , structural detail ing , decorative 
elements , and f inishes . 

Our firms were involved in three projects at Dir ' iyah--the Palace of Omar , 
the Subaalat and Mosque of Moudhi , and the walls and towers of the al-Turaif 
Quarter . Of these three projects only the al-Turaif fortif ications have been 
completed . This proj ect involved three towers ,  including the Faisal and al­
Wasita Towers , two bast ions , and several ki lometers of walls . 

The Palace of Omar bin Sa ' ud ( see f igs . 14 - 1 9 )  

The palace stands i n  a prominent posit ion high atop the wadi . While not the 
l argest of al-Turaif ' s  palaces , it  occupies a prominennt site . From the greater 
extent to which it  survived the 1818  siege , the Palace of Omar most likely served 
as one of a series of strongholds developed throughout the many lines of defense 
designed into the fortif icat ions of Dir ' iyah . The palace ' s  adobe walls rise two 
stories above the tall stone foundat ion . The oppos ite side of the palace faces 
a narrow lane in a residential quarter of al-Turaif .  



16 . Exist ing condition ground 
floor plan of the Palace of Omar . 

17 . Reconstruct ion ground plan 
of the Palace of Omar . 

2 0 .  The Subaalat and Mosque of 
Moudhi as seen f rom the wadi . 

2 1 .  Interior detail of 
Subaalat of Moudhi . 

the 
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The palace has a f ive-sided plan built around a nearly square two-story 
courtyard ( see f i g .  1 6 ) . The entrance connects  with the courtyard , which served 
as the principal private outdoor space . Some unresolved research quest ions 
concerning this site remain to be resolved:  ( 1 )  its  potential access directly 
to the wadi below and ( 2 )  the des ign of a suspected service courtyard surrounded 
by rooms attached to the west side of the main structure . 

Omar bin Sa ' ud was the son of Imam Sa ' ud ( the Great)  who ruled over the 
. state f rom Dir ' iyah at its height . He was also the grandson of Imam ' abd al­
' Az i z ,  who played a large hand in put ting the state together . His older brother 
' Abdullah became Imam upon the death of their father in 1 81 3 ,  and it  was as a 
lieutenant of ' Abdull ah that Omar fought in the fat eful siege and battles of 
Dir ' iyah in 1818 . [2]  

18 . Wadi elevat ion of the palace 
as it  exists  today . 

, , . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  

19.  Wadi elevation of the recon­
structed palace . 

The Subaalat and Mosque of Moudhi bint Ibn Wahtan ( see figs . 20 - 2 5 )  

Located a t  the edge o f  the eastern resident ial s ect ion o f  al-Turai f ,  the subaalat 
and mosque structure was badly damaged during the 1818 s iege . The subaalat , 
according to tradit ion , provided lodging for travelling merchant s .  It was a 
modest two-story structure bui lt around a long , narrow courtyard . Several doors 
located along an adj acent l ane provided temporary shop space for the merchants . 
The mosque connected to the subaalat was small and int imate , serving the immedi­
ate community around it . 

The structure that we see today has been considerably altered over time . 
Formed from the components of earlier structure s ,  probably one or more resi­
dences , the f inal conf iguration of this structure made it  an unusual hybrid . 
The mosque itself was altered and rehabilitated during the mid-twentieth century 
when al Turaif was again inhabited . 

2 2 .  Exist ing condition ground 
plan of the Subaalat and Mosque . 

2 4 .  Exist ing east elevat ion of 
the Subaalat and Mosque . 

2 3 .  Recons truct ion ground plan 
of the Subaalat and Mosque . 

2 5 .  Reconstruct ion elevat ion of 
the Subaalat and Mosque . 



26 . Faisal Tower prior to recon­
struct ion as seen f rom the wadi 
below . 

2 7 .  The reconstructed Faisal 
Tower and part of the defense 
wal l .  

2 8 .  Exist ing condit ion ( top) and 
reconst ruct ion drawings (bottom) 
for the Faisal Towe r .  
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Moudhi was the wi f e  of Muhammad bin Sa ' ud ,  the first of the Saudi rulers 
to  espouse the reformist  cause of Muhammad bin ' Abdul al-li'ahhab . Her interven­
t ion with her husband resulted in asylum being granted to the reformer and his 
fol lowers ,  a fateful all iance upon which the success of the Saudi dynasty and 
the li'ahhabi movement were based . [ 3 ]  

The AI-Turaif Fortif ication li'alls (see figs . 26 - 30)  

The al-Turaif walls are one component of Dir ' iyah ' s fortif icat ions and are 
similar in �esign to  fortif icat ions at other locat ions in the region . The walls 
that surrounded Dir ' iyah were punctuated by rectangular and circular towers at 
relat ively regular interval s .  These towers not only butt ressed and st rengthened 
the walls , they also served as observation pos ts  and defensive pos it ions for 
cannon . Special f eatures of the al-Turaif walls are proj ect ing rectangular 
bast ions for cannons . 

The al-Turaif fortif icat ions are a combinat ion of extensive rough-coursed 
stone construct ion combined with adobe brick for parapet walls . These were , 
nearly everywher e ,  f inished with a coat of adobe plaster . The wal ls typically 
have a dist inctive batter and vary in thickness . Maj or walls consist of outer 
and inner stone layers with an inner cavity of stone and rubble f i ll . 

The walls had a rampart level protected by a tall parapet wall constructed 
of adobe bricks in which were found numerous smal l shooting and observation 
loopholes ( mizghal) .  Fort ificat ion walls may also have had decorative stepped 
crenellations ( shurofa t mudarrajah) on the parapets . [4] 

21 == . . 
2 9 .  Exis t ing condition and re­
construction drawings of a defense 
tower and bastion at al-Turai f .  

Conclusions 

3 0 .  Exis t ing condit ion (right ) 
and reconstruct ion elevat ions 
(lef t )  of the al-li'asita Tower at 
al-Turai f .  

li'ith the rapid development and moderni zat ion of Riyadh , its  suburbs ( of which 
new Dir ' iyah is one ) , and other parts  of the Kingdom of Saudi Arabi a ,  t radit ional 
his toric structures are being demolished at an incredible rat e ,  the intent being 
first an4 foremost to modernize the services and infrastructure of the Kingdom . 
In the midst of thi s ,  the preservation of the historic capi tal of Dir ' iyah is 
being undert aken by the Department of Antiquit ies and Museums . 

The mission of the department is to maintain , document ,  and , in select ive 
cases , recons truct significant historic structures at the site  in order to 
interpret the three centuries of history of this site for current and f uture 
generat ions of Saudi Arabians . In interpret ing a site of this scale and com­
plexity it is easy to help the visitor to transport himself f rom the culture of 
the twentieth century to the reality of an historic city which was once one of 
the largest cities in the middle of the Arabian Peninsula .  

The process of recons tructing signi f icant examples o f  his toric structures 
not only helps visitors to  understand the past history of the Dir ' iyah , the Naj d ,  
and the Kingdom through its  building a�ts , i t  also results in new people being 
trained in the tradit ional methods of cons truction ,  preserving and passing on 
craf ts  and t echniques to f uture generations . 
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Introduction 
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Acoma is a living monument and one of the unique treasures of North America. 
Its history and isolation from modern influences provide an unequalled 
opportunity to experience the past. The very qualities that make it unique also 
make its preservation more difficult. Preservation work at Acoma is su bject to 
disciplines and pressures that are seldom encountered in preservation activities 
of this magnitude at other sites. 

Acoma is a group of adobe and stone buildings located on top of a 350 
foot high sandstone mesa, approximately 55 miles West of Albuquerque, New 
Mexico. The basic community pattern is comprised of three rows of house 
blocks,  one to three stories high, oriented on an east-west axis. A monumental 
church is located south of the housing area. A valuable resource for restoration 
planners is the collection of Historic American Buildings Survey drawings, 
1 934. [ 1 ]  

Acoma Sky City Area " C" ,  ca. 1890 Museum of New Mexico Neg. # 16042 

Although the precise chronological orlgms of Sky City are not known, is was an 
established community at the time of the first Spanish contact by Alvarado in 
1540 AD. Its origins are believed to date several hundred years earlier ,  making 
it one of the oldest continually occupied settlements in North America. The 
earliest description of Acoma was given by Francisco Sanchez in 1581 ,  where he 
reported finding "500 houses of 3-4 stories. " [ 2 ]  The 1980 Graham Report SKY 
CITY PLANNING inventories a total of 369 dwellings, 107 of which were recently 
constructed. [ 3 ]  This indicates a 50% decline since 1581.  

In 1 598. in reprisal for the death of thirteen Spanish soldiers ,  V icente de 
Zaldivar, organizer of the avenging company ,  ordered amputation of one foot 
from the body of every Acoma male over 25 years of age, enslaved all the 
Acoma people for 20 years ,  and razed the buildings of the community. [ 4 ]  This 
severe punishment affected the Acoma community tragically and shocked the 
Spanish authorities ,  who later punished Zaldivar for his actions. His cruelty 
resulted in a distrust of outsiders which understandably persists to this day. 

The next significant event was the resettlement of Acoma and the 
construction of a large church by the Catholic priest Fr. Juan Ramirez between 
1 6<::9 and 1 640. The form and pattern of the house blocks as they exist today 
were built at that time. The original Sk

-
y City dwellings reportedly were 

located in the vicinity of the present-day church. 
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Very little archaeological investigation has been done at Acoma, a 
situation common to most occupied pueblos. The culture and traditions of most 
pue blo communities make it u nlikely that such investigations will ever be  
feasible unless undertaken exclusively b y  Indian personnel. The pre-Spanish 
buildings reportedly were of rubble stone, laid in mud mortar. Although this 
has not been proven ,  it seems likely that stone was the primary building 
material considering that, by most accounts, "adobe b rick s "  were introduced b y  
·the Spaniards. However, i f  stone was the b uilding material o f  the 500 dwellings 
that were destroyed ':J y  Zaldivar in 1 598, what happened to the stone? No 
sig nificant accumu lation of stone has been found,  either in b uilding walls or at 
the base of the cliff. Reportedly,  some, if not all, may have been used in the 
construction of the retaining wall at the " campo santo" ( graveyard ) on the east 
side of the church. The Acomas are very sensitive about the disturbance of 
burial s, so there is little likelihood that any further investigation will be 
allowed. 

The earliest u se of adobe bric ks at this site was in the construction of 
the church, where a b rick size of 10" x 19" x 3"  was used [ 5 '1 .  This same 
brick size is found in the wall construction of the areas of Acoma presumably 
built  during or after the construction of the c hurch. This dating was further 
e s t a b lished by tree ring studies by the University of Arizona, which indicated 
that virtually all limbers in one house block ( Area "C" ) were cut in 1 646 [ 6 ] .  

T h e  soil source for the adobes a n d  the site of their fabrication has not 
been determined. Quite possibly ,  the bricks were made in the valley below and 
were trans ported to the top of the mesa after manufacture. There is very 
little, if any, natu rally occurring soil or water for making b ricks on top of any 
of the nearby mesas, so we may presume that Acoma was the same. Although 
no precise estimate has been made, hundreds of thousands of b ricks were 
req uired. Adobe bricks are very heavy ( 100 lbs per cu. ft. ) It would be more 
practical to carry only the weig ht of the finished b ricks up to the construction 
site rather than soil and water,  which would then evaporate after drying. Soil 
samp les were taken from building walls and plaster, analysed for minerology 
and compared with several possible soU sources in the vicinity, but the results 
were inconclusive. Perhaps the variable nature of any given soil source makes 
precise determination impossi ble; thi.s factor is another complication in 
developing adobe restorat.ion techniques. 

l'.reservation Goals 

Acoma is a time capsule of a 16th century native culture that has been 
relatively undisturbed. It must be preserved as intact as possible so that the 
wealth of information it contains will not be lost. Some features have already 
been lost through neglect and modification by their owners. New doors and 
windows, cement stucco, and other modern features represent improvements in 
the mind of the owners. who may fail to see the historical value of the original 
structures. When restoring pu blic monuments or property, preservation teams 
call apply their principles of restoration ethics with free rein. But Acoma is 
p rivate propert. y ,  and the owners have the right to make the final 
determinalion. The values for preservation of this resource are manifold: 

1. Prevent loss of historic examples and the cultural heritage they represent 
to further the Acoma's understanding of their own heritage and educate 
other cultures. 

2. This resource has great economic value to the Acoma people. Its 
continued preservation provides tourist dollars, a primary income source 
for the pueblo. Many village leaders are aware of this, and the 
cultivation of preservation attitudes can only be accomplished with their 
help. 

3. The age and lack of maintenance of many of these buildings has 
created a safety hazard to both occupants and tourists which must be  
mitigated. 

4. The construction work. req uired for the preservation and continued 
maintenance of these buildings represents a source of employment for 
the Acoma people, and makes use of their natural resources of stone, 
wood and earth. 

5. As there is constant turnover in construction personnel, it is desirable to 
devise a logical, standardized plan for a system of maintenance, repair 
and reconstruction which reflects historic detailing. This could be used 
for future guidance for the Acoma community. 
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Implementation Problems and Conflicts 

For several years, the United States Department of Housing and Urban 
Development has offered annual Community Development Block Grants for 
housing rehabilitation to Native American communities on a competitive basis. 
Conditions of these grants provide that work on historic buildings follow The 
Secretary of The Interior's Standards for Rehabilitation [ 7 ) ,  in order to 
preserve and protect historic resources. 

Acoma is a special case because it is an occupied community owned b y  
individuals, as compared to a ruin or monument that is not privately owned. 
The grant program under which this rehabilitation was to be done was a 
Community Development Block Grant, presumably conceived for more 
conventional housing which would. not have the historic restoration 
complications presented by Acoma. The responsibility for overseeing the 
application of the " standards" was delegated to the Historic Preservation 
Division of the New Mexico State Office of Cultural Affairs. 

161 

In the past ( 1983-85 ) ,  several problems developed during funded projects 
at Acoma. Asphalt emulsion stabilized ( waterproof ) adobe bricks were used for 
reconstruction and repair is one example. Although the Acoma builders believed 
this material to be a more durable brick than the original plain mud type, the 
final wall finish was to be of natural mud plaster, which would not adhere to 
the asphalt surface, and eroded in a matter of weeks. Other non-historic 
features installed without prior official approval were wall buttresses placed to 
reinforce sagging historic walls. Window groupings that had no historical 
justification and modern style doors were installed. In response to these 
problematic alterations, the Historic Preservation Division required that Acoma 
Pueblo employ an architectural consulting firm experienced in preservation and 
skilled in adobe technology. The author's firm, Paul G. McHenry, Jr. and 
Associates,  Architects, was selected to mitigate past mistakes and to provide 
guidance and supervision for the future reconstruction and rehabilitation of 
Area " C " , one of a number of designated areas at Acoma. 

Mud plaster erosion from asphalt stabilized adobe bricks. 
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Architectural elements without historical background; 
buttresses and side by side windows. 

Preservation standards related to these projects were affected by the following 
factors: 

1.  The Acomas are a proud and independent people who strongly resist any 
efforts to control or influence them, and they view Acoma as their 
private domain. Outsiders are not welcome except as tourists or personal 
friends. Many of their religious activities exclude outsiders, and very few 
outsiders are welcome within the buildings. The crew that prepared 
the Historic American Buildings Survey noted this fact in 1934 and that 
access to some of the rooftops was limited as well. 

2. Many of the Acomas do not live on the mesa top full time, and have 
homes in the valley below, closer to their farms and work, so the historic 
houses are used more for special ceremonial occasions than as primary 
residences. As a result, individ ual homeowners were not always readily 
available for consultation ab.out preservation details for their home, 
although a growing number of families are living at Acoma on a full time 
basis. Individual homeowners were not always sympathetic with 
preservation ideals, and they want to install modern amenities of their 
own choosing. 

3. The affairs of the pueblo are managed by a Governor and tribal Council 
who are elected each year. The Cacique is the religious leader. It is 
interesting to note that although the tribal officials are all male, 
Acoma is a matrilineal society, so title to the home is held by the 
woman of the family. 

4. The budget for rehabilitation as originally conceived by tribal 
planners was intended for the employment of tribal members, so any 
expenditure outside the pueblo was strongly resisted. 

The primary conflict in the implementation of this project was one of attitudes: 
a resentment by the Acomas when they were told by preservation oversight 
authorities that they must do the rehabilitation in a certain way or lose their 
funding; a lack of sensitivity on the part of historic preservation authorities to 
the needs and desires of the private owners, to which the owners were 
entitled. 

Initially, a common attitude on the part of the Acoma leaders was that 
they knew more about their building technology than outsiders, and 
unfortunate past experiences with "expert" consultants had reinforced this 
attitude. They did not realize that, although many of the construction crew 
were skilled in modern building techniques, their earth building skills had been 
diminished or lost through time and lack of use. 

The problem of the mud plaster and asphalt bricks could not totally be 
resolved, but an improved and more durable mixture was developed. Bruce 
McHenry of the architect's staff, an expert on mud plaster, discovered that the 
soil mixture being used was faulty: the main ingredient was " blow sand",  The 
rounded particles of blow sand (as opposed to the angular particles of " sharp 
sand " )  would not interlock with each another to create a consolidated mass. By 
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the substitution of coarser, more granular sand particles,  which the Acoma crew 
called " gravel " ,  a much more durable mud plaster could be achieved. Through 
experimentation, demonstration, and the active involvement of the architects, 
staff, and construction crews, many lost skills were regained by the Acomas 
and a team effort was created. 

A major point of disagreement and conflict was the retention of the earth 
floors on the upper levels. These were historic features of great interest, and 
which had value in an archaeololl:ical context, but the owners did not want dirt 
floors. The floors were unpleasant to live with, smelled terrible when 
disturbed, and were unsanitary, carrying the refuse of centuries. The final 
result was that many earth floors were removed. Construction scheduling and 
lack of proper budgeting dictated that only minimal archaeological investigation 
would be done. The archaeology was done by an Acoma archaeologist with only 
a few weeks training, and who received only minimal cooperation from the 
construction crews. The archaeologic investigation consisted of a small number 
of test pits and the stockpiling of the earth material removed for later 
examination. Artifacts found were returned to the home owners for their 
disposal. The conflicts could have been mitigated by additional planning and 
consultation leavened with sympathetic attention to the owner's needs. 

In order to minimize the costs required for architectural planning and 
documentation and to meet the Standards, an innovative approach was required. 
A simple photo and drawing scheme was proposed by the architect to create a 
project "workbook" with pa�es for each individual house. The photography 
was done at minimum expense using 35mm black-and-white film. Each photo 
used for the work book was enlarged to a 5" x 7 "  print and mounted on an 8-
1/2" x 1 1 "  sheet of paper which was incorporated in the work book. Additional 
photos were taken of significant interior details and elevations after completion 
to provide full photo documentation. A floor plan and tront/rear elevations were 
drawn approximately to scale for each level of each house, prepared from aerial 
photos and limited field measurements. These were grouped in sections of the 
workbook appropriate to each house unit. An overall elevation drawing and 
floor plan was prepared for the entire house block • 

1.!"" t "i t,:�� • � lit. (. 
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Sample pages from workbook. 

Originally each detail required approval by the New Mexico Historic 
Preservation Division Office prior to construction. The the difficulty in 
gaining entrance to individual houses, obtaining the advice and approval of the 
owner, and construction scheduling made this unworkable. Therefore, a plan 
was adopted to request approval in principle of the overall plan, with smaller 
details left to the discretion of the architect and the construction foreman. 

Additional sections of the workbook included standard details of expected 
repairs common to several buildings, drawn in an isometric style for easier 
understanding by the construction crews. A section for historic photos was 
created with suggested approximate photo points. Before and after photos also 
proved beneficial. This system accomplished two necessary steps: 
documentation of condition of the monument, and simple directions for repairs 
and improvements at minimal cost and complication. 

The participation of individual homeowners in determining the nature and 
extent of preservation of their homes was paramount. As individual 
homeowners, they are entitled to do anything they wish to do u sing their own 
funds. There are no regulations to control the owner's choice of style or 
architectural elements at this time, although community leaders have debated 
the merits of such a regulation. 



Adobe 90 

In order to achieve maximum results in historic preservation for this and 
future projects, it was vital to seek the support of the construction crew 
leaders. Preservationists take the position that as this work is being done 
with Federal funds, the Acomas cou ld be told exactly what they must do. W hat 
was overlooke d  was the fact that this was a "reha bilitation" project to improve 
the safety an d livability of these peoples homes ,  as compared to a 
" preservatio n "  project, which wou l d  have much more stringent disciplines. 

Area "e" north side, before rehabilitation. 

With the approach tak e n ,  most of the preservation goals were achiev e d ,  
and t h e  su bstance o f  t h e  resource preserved. U nfortunately.  some historic 
featu res were lost or replaced , such as adobe walls, doors. and windows that 
were considered unrepairable. Salvage was elaimed by the owners. who 
disposed of it as they saw fit. Most of the original dirt floors were replaced at 
the insistence of the owners. This c han ge was generated for sanitation 
reasons, and could be partly justified by the fact that these were interior 
features which wou l d  not b e  seen b y  the public .  

The Secretary of the I nterio r ' s  Standards for Rehabilitation is a 
remarkable document in that it wisel y anticipates and provides for resolution of 
conflicts such as were experienced on this project. Key phrases in the ten 
" standards" include: " . . .  every reasonable effort . . .  , . . .  avoided when 
possible . . . . . . .  rnay have taken place . . .  , . . .  w herever possible . . .  ", etc. 

Q91!f�u sions and Recommendations 

I. A clear choice must be made during the planning stages of a historic site 
project between " H istoric Preservation" and " Rehabilitation" standards. 
which are very different approaches. The former not only implie s ,  but 
requires heroic measures which can b e  very costly. and the latter 
provides some practical flexibility. Perhaps the only suitable su bjects for 
true historic preservation are those owned by a government agenc,v .  or 
whose title and control are hel d by an entity dedicated to its pristine 
preservation without regard for personal profit or third party motives. 

2. Funding for any preservation/rehabilitation project should be made 
available in two discrete phases. The first phase shoul d  include funding 
for detailed investigation and determination of probable costs by qualified 
personnel or consultants. The second p hase provides funding for the 
actual project, and should include contingency allowances. Such duaJ 
phase funding would allow ::;. realistic aRsessment of probable costs and 
alternatives prior to determination of final goals and costs. 
U nfortunatelY, funding for many current projects is allocated prior to the 
d"term ination of specific goals, and the competition for these available 
funds can s k ew the final results unnecessarily. 

3. Local zoning laws. re gulations or recommendations shou l d  be established 
and put in place by the people who would benefit. so that it would not 
be viewed as outside interference in local affairs. 
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ABSTRACT 

T raditional mud brick te ch­
nology repre sents an attrac­
tive alternative in the 
construction of low-cost 
structure s . 

Lime i s  one of the o lde st 
substances used to s t ab i l i z e  
e arthen mate ri als . N ineteenth 
century lime-stab i li z e d  mud 
b ri ck found in B ahia has 
been sub j e cted to laboratory 
ana ly si s .  Since analy s i s  of  
lime -- Ca ( OH ) 2 -- containing 
materials is di fficult due 
to the s low time course of 
the carbonation proce s s , a 
method of reducing the 
reaction period from months 
to a few days has been de­
ve loped .  This proce s s  has 
been used to test adobe s 
stabi lized with lime . 

KEYWORDS 

Soi l- lime stabi li z ation , 
acce lerated carbon ation , mud 
brick , e arth walling , adobe , 
restoration of earthen mate­
rials . 
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T HE STUDY OF ACCELERATED CARBONATI ON OF LIME -STABILIZED SOILS 

Mario Hendon9a de Olive i ra '" - Cybele Ce lestino b antiago and Sil­
via -Pimenta d ' Affonseca 
Faculdade de Arquitetura da Universidade Federal da Bahi a 
Rua Caetano Moura , 12 1 - Federa9ao 
40 . 2 1 0  - S a lvador - Bahia - Bras i l  

Introduction 

It is commonly assumed by those people who study the hi story of 
architecture that wood and mud were the first bui lding materials 
t o  be used by men .  Mud , which is  a very cheap mate rial , has been 
continuous ly used in many different and s imple ways : by throwing 
it against a rudimentary frame made of wooden stick s , as amorphous 
mud brick s , as plano-convex adobe brick s  [lJ , as lath-and-plaster 
wall , " pis€! de terre " , c l av stuccoe s , etc . Although these tech­
nique s  were s ometime s  ephemera l ,  according to Vitruvius they had 
great pre stige ( especially in the case of adobe s ) . [2J 

The low cost of e arthen constructions i s  important when de ­
ve loping alte rnative bui lding techniques parti cularly in third 
wor ld countrie s .  

The performance of soi l bui lding materials depends not only 
on the composition of the minerals that constitute them but also 
on the granulometry of the aggregate s ,  on the rate c l ay/inert ma­
terials and on such f actors as the per cent moi sture content of the 
mixture . 

The studies and ana ly s i s  of ancient e arthen materials demon­
strate that our ancestors were fami li ar with the use of that tech­
nology . By experience and tradition , they were able to produce ma­
terials of good stabi lity with an optimal distribution of parti­
c le s .  

I n  Braz i l ,  the use of s imple bui lding techniques with e arthen 
materials date s from the colonial period ( sixteenth century ) . Con­
trary to other n ative peoples in the Ameri cas , Braz i li an I ndian s  
were not very familiar with e arthen materi als . They pre ferred wood 
and palm leave s as bui lding materi als . Old documents contain much 
information concerning the use of lath-and-plaster and " pi s€! de 
terre " , These documents des cribe the preparation of a p lastic 
mixture of clay , aggregate , and water whi ch was then thrown 
against a frame of hor i z ontal and verti cal stick s  of wood , tied 
with liana or , r are ly , with leather rope s ,  This technique i s  s t i l l  
u s e d  tOday b y  poor people ( who make u p  the maj ority i n  Braz i l )  
living in the country and i n  the peripheral are as o f  citie s . 

S a lvador , the first national capital of Braz i l ,  was founded I 
in 15 4 9 . At the beginning , a wooden fence protected the city , but 
as it was very weak , the wood was later rep laced with " pi se de 
terre " ,  a te chnique as  old as the lath-and-plaste r  wal l .  Unfortu­
n ate ly , the second wall did not last long in the tropical r ains 
and it too has di s appeare d .  

Friar J aboatao , a we l l�known chron i c ler of e ar ly Braz i l , has 
des cr ibed the walls whi ch surrounded the city of S alvador as " made 
of good and thi ck e arth wall " , [3J Neverthe le s s ,  it seems to us that 
he alone be lieved in the quality of thi s  wal l ,  Gabr i e l  Soare s ,  
another chron i c le r  from Brazi l ,  for instance , wrote that " the 
walls have crumb led because they had been constructed in p i se de 
terre " .  [4] 

Lui z  Dias , the master of works responsible for the p l anning 
and con struction of the city of Salvador , did not have much f aith 
in the e ffi ciency of tHese walls . We reach this con c lu sion from 
comments he made in one of the letter s  he sent to P ortugal : " us ing 
the dart I had in my own hands I was able to de stroy them very 
e a s i ly .  He has also pointed out that the walls were much too high 
con s i de ring the fact that they had been made in p i se de terre 
without lime " . [5] Thi s cOJJlIl1ent confirms that lime was used as a 
stabi li z e r  sin ce the beginning of colon i z ation . This method of 
construction was brought by the Portuguese to the colony , The 
"technologi cal appropriation " [6] of an o ld tradition i s  fundamen­
tal to our research . I n  genera l ,  there i s  no reference in the 
history of archite cture in Braz i l  to the - use of lime as a stabi­
liz ing e lement . "The use of the technique of p i s€! de terre was 
more diffuse in the states of Sao Pau lo and Goias [;7] , but it was 
also used in Minas Ger ai s  and Bahi a .  In Salvador ( B ahia) , it was 

* Author t o  whom correspondence should be addre s sed 
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temperature in the proce s s  
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used primitive ly in its walls and other constructions . Later , this 
technique was put aside and rep laced by the lath-and-p laster tech­
nique , whi ch i s  simpler to execute . Nowadays , it is very di fficult 
to find craftsmen ( " taipeiros " )  who know the method of bui lding in 
" p i se de terre " . 

In ancient time s ,  the use of adobe was also very common 
throughout Braz i l .  Even though its use sti l l  persists in the con­
struction of low-cost house s ,  people prefer to bui ld their house s 
using lath-and-p laste r .  

Soi l Stabiliz ation 

The study of soi l stab i liz ati on in the conservat i on/restoration of 
monuments and archeologi cal sites i s  very import ant . It is also 
appropri ate to the construction of low-cost bui ldings . Port land 
cement was re sponsib le for the introduction of a very effi cient 
stabi lizer in construction . On the other h and , its use in conser­
vation must be very restricte d .  This i s  because it contains solu­
b le s alts , which can be dangerous to the monument . Also be cause 
its high strength is incomp atible with e arth . It is ne ce s sary , 
therefore , to use a stabi lizer for coating the tops of wal l s , 
ruin s ,  and other e arthen structures to increase dur abi lity . There 
are additives of tradition a l  or modern use ( c att le dung , sugar , 
straw ,  b lood , etc . ) that c an also be emp loyed , 

The use of cement has spread s in ce last century , In Braz i l ,  
for examp le ,  modern architecture i s  based on the use o f  this ma­
teri a l .  In  addition to the disadvantage s mentioned above , there i s  
a l s o  the problem o f  supply , The opposite i s  true f o r  lime . I t  i s  
much simpler to prepare and , in some are as o f  the country there 
are numerou s  lime quarries and sti l l  a rudimentary production of 
the material is possible . 

It i s  intere sting to note that in spite of not being com­
p lete ly understood by the spe ci alists unti l  now ,  the proce ss  of 
soi l stabi liz ation with lime i s  considered by them as te chnolo­
gically and cultu r a l ly adequate in the con servation/re storat i on 
of e arthen stru cture s .  

I t  stands to r e ason that i n  a sing le mixture of soi l and 
water -- as is the case with adobes ,  " pi se de terre " ,  and lath­
- and-plaster walls -- the reaction s  are dependent on the activity 
and surface area of c lay p art i c le s .  The sma l le r  the particle s , the 
more reactive they are , Thus , clay par t i c le s  are more reactive 
than larger s i lt part i c le s ,  Sand grain s are bigger than the latter 
and are inert . In the case of soi l- lime , some characteri stic chem­
ical re actions occur , Some of them are dire ct ly re lated to the 
laminar structure of the c l ays and to the distance between strat a .  
This means that the reactivity o f  the product wi ll  change a s  a 
function of the kind of c lay that predominates in the soi l and the 
space s between the l ayers . 

" In the pre sence of water , the cations (main ly Ca++ , and 
sometime s Mg+� ) originating from the lime cause the s aturation of 
the c lay minerals in the soi l .  Thus , the propertie s that depend on 
the charge and the superficial status of the parti c le s  ( limits of 
consi stence )  are suddenly modifie d .  In  some aspe cts , the inter­
changeable cation s  e n j oin the bonds between the c lay parti c le s  and 
the way they gather , modifying the i r  hydric-me chanic behavior".  [e] 

"The reactive phenomenum cause s the appearan ce of si li cate s , 
aluminate s and a luminum-s i licate s of hydrated calcium ,  substances 
that present cementing condition s .  Specialists sugge st that some 
of the se reaction s  happen sudden ly" . [9] 

Other reaction s  occur after longer periods of  t ime . In a l l  
case s ,  time and temper ature have a direct influence o n  the reac­
tion s  (Fi g .  n .  

A symposium on soil-lime was recent ly he ld at CEPED . � � The 
speci alists divided the phenomena of staoi l i z ation in two group s : 

a )  Fast reactions 
• Cation exchange 
• Absorption ot Co. (OB ). 2 molecu les 
• I on crowd:t,ng 

b )  Slow reactions 
S i l i ceou s  cementation 

• Aluminous cementation 
• Ferreous cementat ion 
• Carbonation 



168 Adobe 90 

We h ave deve loped at the NTPR uD a proce s s  of acce lerated 
carbon ati on in lime -con t aining mortars . Our intention n ow is to 
apply this proce s s  to ve rify how the phenomenum of carbon at ion 
contributes to the proce s s  of stab i l i z ation increasing the mechan­
ical characteristics of the soi l .  C arbonation is one of the s low 
re actions that occur when stabi l i z i ng a s oi l with lime . Thus , 
acce lerating thi s proce s s  we wi l l  s ave time when obse rving the 
phenomenum .  

Time i s  not a s  important a s  temperature ( F i g . 1 )  i n  the de ­
ve lopment of mechan i c a l  strength in the f i r st phase of the proce s s  
o f  lime stabi liz ing s oi l s  ( fast reactions ) .  As the s low re actions 
need years to be comp leted , the e ffect s  of carbonation wi l l  on ly 
be noticed after a long period . Then , i t  is very important t o  our 
rese arch to speed the se reaction s  in order to get through the 
first re sults in a short time . 

The Stab i li z e d  Adobes from Cows' I s land ( " I lha das Vacas " )  in Bah i a  

We have been in charge of the re storat i on of a nineteenth century 
house located on Cows ' I s land . During the survey that pre cede d the 
restoration of thi s bui lding , we were lucky t o  find an internal 
wa l l  made of mud brick s .  This dis covery aroused our curiosity be­
cause initial in spe ct i on sugge sted that the adobe s had signs of a 
lime addi ti ve . 

A spot t e s t  was conducted in our lab , It proved our fie ld 
ob servation s to be corre ct . The bricks contain a very precar i ous 
lime that was probably prepared " in situ" by crushing and burning 
se ashe l l s . I n  the " Re concav o " ,  an area in the " Todos os S anto s "  
Bay , Bahia , there was a tradition o f  u s ing se ashe l l  lime . �� This 
is a product of high quality , although there i s  the inconvenience 
of the pre sence of s o lub le salts if the mater i a l  i s  not we l l  
washe d .  A s  w e  have found s ome p i e c e s  of she l l  within the anc ient 
adobe , we can as sume that the she l l s  had not been we l l  burne d .  

Historical re s e ar ch provide s  u s  with documentation on the use o f  
lime - s t ab i lized soi l i n  Bahia ( e . g . , Mr . Dias ' letter ) .  Thi s i s  
the first dis covery o f  an actual sample supported b y  further lab­
oratory ana ly s i s . 

Although the text written by Prof . S i lvio de Vasconce los i s  
con s i dered a clas s i c  on the history o f  bui lding materi als in Bra­
z i l ,  there i s  no reference to the u se of lime as a stabi l i z ing 
additive . He mentions other additive s ,  odder than that one : " For 
that reason , it is possible t o  find dung ( ba s i c a l ly from bul lock 
c att le ) mixed with vegetal fibers or animal hair , in order to 
reinforce the mud with an interi or frame , There is also the 
tradi t ion of the use of ox b lood as an agg lutinant e lement " .  J) 3] 

According to the historical recor d ,  the s t ab i l i z e d  mud bricks 
we found also be long to the nineteenth century , 

The characteristics of the materi a l  we h ave found are the 
f o l lowing : 

B u lk den sity - 1 , 80 6 g/cm 3 
Gr anu loiJl8try : ASTM ABNT (Braz i l )  
Grave l 13% 5 %  
S and Coarse 9% 8% 

Medium 1 3 %  1 2 %  
Fine 2 2 %  3 4% 

S i lt 2 2 %  16 % 
C l ay 2 1% 2 5 %  

C lassifi cat i on : 
USCS ; SC AASHT O ;  A.,.6 ( 3 )  
USCS : Unified Soil Cla s s if icat ion System 
AASHTO : Ame r i can Association of State Highway Transport Officials 
WL 32% ( l iquid l imit ) 
WP = 19% (pla stic l imit ) 
IP = 13% ( p lastic ity inde x )  
Perce nt age of CaC0 3 = 2 0 . 5 4  
pH= 8 . 3 8 . I t  indicates that almost a l l  the calcium hydroxide u s e d  
in preparing t h e  bri ck s  h ad been carbon ated , i . e .  converted into 
calcium carbonate by reaction with carbon dioxide from the atmos­
phere . 

The Proce s s  of Acce lerated Carbonation 

It is obvi ous that the c arbonation of calcium hydroxide always 
pre sents a problem when performing laboratory analysi s .  Thus , we 
have deve loped in the NTPR a very simp le te chnique for c arbonating 
lime -containing sample s ,  The fundamentdl ingredient s are C02 and 



Fi g .  2 - Fi rst prototype of 
our acce lerated carbon ation 
chamber 

Fi g .  3 - Se cond prototype 
of the chamber 
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wate r .  In order to acce lerate the proce s s  of lime c arbonation , an 
herme t i c a l ly closed carbonation chamb e r  was created ( Fig . 2 ,  3 ) . 
Our first prototype was a pre s sure container used for p ainting , 
whi ch had a met a l  frame inside to s upport the samp le s .  I n  order t o  
maintain a n  atmosphere s aturated w i t h  water vapor , it w a s  nece s �  
s ary to provide a l ayer of water be low t h e  frame . A vacuum pump 
was used for twe lve hours in order to remove the air from inside 
the pore s of the s amp le s .  Then the pres sure was stabi lized 
allowing the introduction of C02 . We used gas from f i re -extin­
guishe r s ,  so the costs o f  the equipment and the oper at i on were 
very low . 

The e f f i ciency of the proce s s  c an be proved through the re ­
s u l t s  be low :  . 

LIME / SAND REACTI ON T IME STRENGTH Kgf / cm2 

1 : 2 

1 : 3 

4 months ( normal e xp . ) 
6 months ( normal e xp . ) 

acc . ( 15 days ) * 

4 months ( normal e xp . ) 
6 months ( normal e xp . ) 

acc . ( 1 5  days ) * 

* Humi d ,  in a high C02 concentration . 

S oi l  f rom CEPED 

WL 45 , 2 % 
WP 2 0 , 7 % 
I P  2 4 , 5 %  

7 . 0 0 
2 3 . 2 0 
6 4 . 15 

9 . 3 4 
1 8 . 0 5 
2 7 . 5 5 

1 1 .  7 8  
1 1 .  8 3  
5 3 . 2 4  

9 . 3 0 
14 . 7 2  
2 9 . 0 7 

---------------------------r-------------i-----------r-----------

SAMPLE I REACTI ON T IME 
I 

STAB I L I Z E R  I STRENGTH , OBSERVAT ION 
I 12 days I Kgf/cm2 

I ________ L ________________________________ L ______________________ _ 

A I stove ( 3 5° C )  I , 5 , 3 4  I 
B stove ( 3 50 C )  

I 
8% Ca ( OH ) 2 9 , 4 0 I I I 

C I acce lerate d-C02 I 8% Ca ( OH )  2 I 1 8 , 4 3 I acc . 5 days 
_______ � ___________________ L _____________ L ___________ L __________ _ 

Analysing the s amp les be fore and after the c arbonation proc­
e s s , no s ub s t antial change in color has been recorde d .  From our 
point of view , the smal l  chang e s  that are noticeable wi l l  be 
useful for char acteri z ing the intervention , as i s  normally re­
quired for doing any restoration work . 

Con c lu sions 

The use of lime as a s tabi l i z e r  of e arthen structure s i s  admitted 
with othe r  s t abi lizers becau se it is a " t e chnological approp r i ­
ation" of a n  old tradition ; it mak e s  possible t h e  use of local 
labor ; and it improve s the me chanical character i s t i c s  of the ma­
t e ri a l . 

There should be no s ubstantial change s in texture and color 
of the adobe if lime is used in a low per centage -- 3 t o  8 % -- as 
re commended by CRAterre . �� 

According to speci a li s t s , the function of lime when stabi­
l i z ing s oi ls is basically conne cted t o  the reaction s  with clay 
mineral s . In additi on to thi s ,  we have observed that the c arbo­
nation proce s s  is also remark able to the in cre ase of me chanical 
character i s t i c s  of stabi l i z ed soi ls , despite the use of smal l  
q uant ities of lime . 
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ABSTRACT 

Curahuara de Carangas is 
located 4,000 meters above sea level 
in a remote area of the Bolivian 
altiplano near Chile. This adobe 
structure consists of a single long 
nave and three smaller rooms. The 
thick walls are supported by mas­
sive buttresses. Interior surfaces are 
covered with Biblical murals in 
tempera on lime wash. Some are 
dated 1608; others bear the signa­
ture and date, " Ignacio Martine de 
Lima, 1777." 

Local Indians have provided 
care and preservation for centuries. 
However economic changes have 
led to the church's deterioration. In 
1984 the Bolivian Institute of Cul­
ture, with UNESCO support, began 
site preservation in a project that 
incorporated local workers into the 
church's restoration. The church­
yard was cleared; the wood, reed, 
and thatch roof reconstructed; and 
the adobe walls stabilized and 
whitewashed. 

The project combined efforts 
of architects, art conservators, and 
local craftsmen who are descen­
dants of the original builders. Work 
was carried out using traditional 
skills originally used to construct 
the church. 

Murals were consolidated 
with polyvinyl alcohol and Acryloid 
B-72 and cleaned with soft erasers. 
A sensitive approach was taken 
with respect to exterior structural 

forms and interior decorative 
schemes, while meeting the 
community's need for a functioning 
church. 

KEYWORDS 

Bolivian Altiplano, Colonial Archi­
tecture, Adobe and Mural Conser­
vation, Acryloid 
B-72 
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RESTORATION OF THE SIXTEENIH CENTURY CHURCH AT CURAHUARA 
DE CARANGAS, BOUVIA: A CASE STUDY 

Carlos Rua and Anton Rajer 
1508 South 14 
Sheboygan, Wisconsin, 53081 
USA 

Located on an arid high plain in the western region of Oruro, Bolivia, the sixteenth 
century adobe church at Curahuara de Carangas lies at 4,000 meters above sea level. 
The area has been occupied since pre-Columbian times, when the area's population 
density was higher than it is now. 
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Decoration and Importance 

One great value of the church at Curahuara lies in the fact that its entire interior is 
decorated with murals. Virtually hundreds of square meters of walls and ceiling are 
painted in a medium of tempera on lime wash. The murals in the presbytery are dated 
"1608." Others in the church bear the signature and inscription '1gnacio Martine de 
Uma 1777." The oldest and most complete group of their type preserved in the South 
America, the murals constitute an important monument of Bolivian cultural patrimony. 
Pictorial themes derive from the Bible, such as scenes of the Last Judgment, the Flood, 
and the expulsion of Adam and Eve from the Garden of Eden. Ceiling decoration con­
sists of portraits of the 12 apostles and Christ in the presbytery above the altar (the 1608 
murals) and floral decoration elsewhere (see figure 1). 

FIGURE 1 .  Ceiling decoration portrait of Christ flanked by the apostles. 

Materials and Construction 

Mud brick has been used in this area for centuries, as attested by nearby pre-Inean 
tombs constructed of the material. The site of the church at Curahuara is slightly slop­
ing, with a 2 percent grade from east to west. Built at the end of the sixteenth century, 
this is a typical Renaissance church of the early Spanish colonial altiplano period. The 
interior consists of a single long nave, a sacristy, a baptistry, and a presbytery. A sepa­
rate bell tower stands within the churchyard (see figures 2, 3). 

The thickness of the church's walls varies greatly but tends overall to be approxi­
mately 1 meter. Some of the buttressed walls are 4.5 meters thick, including their sup­
ports. The standard size of the original bricks is about 30 em x 60 em x 6 em. At the time 
of construction the exterior and interior walls were covered completely with lime wash. 
The roof is made of wooden beams with reeds and bamboo affixed to them; thatch 
forms the outer layer. In addition, the buttress tops were covered with a type of reed 
"shingles" to reduce weathering. 
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FIGURE 2. Plan of the church at Curahuara de Carangas. 

Historical upkeep and restoration strategy 

CHURCHYARD 

Construction of the church in colonial times was accomplished by workers from ten 
local Indian communities. Throughout the centuries these same communities were 
charged with the church's care in perpetuity and have continued it to this day. How­
ever, the church has fallen into disrepair in recent decades because of declining popula­
tion and an exodus from this impoverished rural area. Remaining members of each of 
the ten communities have taken responsibility for the upkeep of a specific part of the 
building, such as the entrance portal or the baptistry. This system of care and upkeep 
was integrated into the r ecent restoration project: each community was responsible for 
restoration work on their assigned portion of the building, under direction of the Boliv­
ian Institute of Culture (IBC) architect. Thus this project was unique in that it employed 
descendants of the original builders to carry out the restoration, using traditional, time­
honored skills. 

Pre-project planning 
Curahuara's isolation necessitated thorough planning before realization of the project. 
In the early 1980s the IBC, which is charged with cultural P'ltrimony care in Bolivia, 
began to survey the site. It conducted an inventory of the church's paintings and con-

FIGURE 3. Exterior view of the church at Curahuara de Carangas. 
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tents, as part of the Bolivian Cultural Patrimony Inventory Project, to be included in the 
country's national register. The document that grew out of this project strongly recom­
mended emergency conservation work as it appeared portions of the structure were in 
danger of collapse, and the roof over the baptistry leaked seriously during the rainy 
season. 

The institute sought funding from the West German government through 
.UNESCO/PNUD (Projecto Naciones Unidas de Desarrollo) for this three-phase project. 
Economic and technical constraints necessitated extension of the project over a period of 
five years. The economic constraints derived from limited available yearly funding. The 
technical constraints were associated with limits on the institute's art conservation staff, 
the availability of supplies, the complex logistics of transporting materials and staff to 
the remote site, and the coordination of work with the Curahuara native community. 

Timing of each phase of the project had to coincide with the spring and fall dry 
seasons. The site's only access road is unpaved and is virtually impassable during the 
rains. Most construction materials had to be brought to the site. The community of 
Curahuara is adjacent to a small army base. The community is without electricity or 
running water. me staff decided to seek the assistance of the army camp-which 
shares two walls in common with the churchyard-in the project. The only communica­
tions links between Curahuara and the rest of Bolivia are through the base radio. The 
military also assisted with labor, transport of materials, and other logistics. 

Mud brick fabrication 

The making of mud brick in the Bolivian altiplano can only be accomplished during 
short periods in the spring and fall when drying conditions are optimum. It can be 

made neither in the bitter temperatures of winter-it will freeze and crack-nor during 
the rainy summer season-it will not dry. The technology of making new bricks to 
replace damaged ones was provided by local craftsmen, expert in this type of construc­
tion, but always with an architect's oversight. Men are primarily responsible for mak­
ing the brick, though women will assist by gathering straw. 

Testing for different textural fractions of the adobe yielded a stratigraphy of four 
layers. Small pebbles settled to the bottom of the test vial and were covered by a layer 
of clay. A stratum of sand overlaid the clay, while fragments of straw floated to the top 
of the water used to fractionalize the adobe sample. These results indicate the adobe 
was fabricated from at least two types of local soil and amounts of local grasses. Fur­
ther analysis with standard microscopy could reveal more about the material comp<r 
nents of the adobe. 

Phases of Treatment 

Each of the project's three phases lasted about two or three months. Each phase was 
designed to be capable of being completed in the projected time frame and also to be 
complete unto itself, although complementary to the other phases. 

Phase I. Phase I began in 1984 and consisted of clearing the churchyard of 
debris, rebuilding the churchyard walls, conducting archaeological excavations, per­
forming soil tests, and conserving wall murals. Also, emergency reconstruction was 
conducted on the principal interior arch between the sanctuary and nave; it had col­
lapsed the previous year, as the me survey indicated it might, endangering the struc­
tural integrity of the roof. (see Figure 4). 

Clearing the churchyard was an interesting co mmunal event. Citizens from 
adjoining communities and military personnel worked together to remove trash and 
rubble and to reconstruct the churchyard walls. Archaeological excavation at the site 
was organized through the Bolivian Institute of Culture. Uncovered in one of the test 
pits was an pre-Columbian tomb with textiles and intact skeletal remains. Other, 
smaller tombs also were found. The excavations also assisted in determining soil strati­
graphy, soil composition, and potential sites for new drainage pipes to carry runoff 
away from the church. 

Interior consolidation of wall murals by me staff was planned with the solution 
of two different technical problems in mind. First, to solve the problem of adhesion 
between the adobe and plaster layers, polyvinyl alcohol was injected with syringes into 
the voids behind the plaster lime wash. Then, a 5% solution of Acryloid B-72 in toluene 
was brushed onto the murals to consolidate the paint layer. IBC staff were careful to 
wear masks to protect them from solvent exposure. It had been suggested that epoxy 
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FIGURE 4. Reconstructing the presbytery arch. 

might be used to solve the problem of readhering the plaster to the adobe. This idea 
was discarded because epoxy's high viscosity and quicker drying time made it less 
suitable than the thinner polyvinyl alcohol, which permitted multiple applications and 
therefore created better adhesion. 

After the surface of the murals dried, IOC staff cleaned them with gum erasers. 
Owing to constraints of time and resources, no inpainting was performed on the mu­
rals, although backgrounds were toned to match surrounding areas. 

Reconstructing the presbytery arch formed the most challenging aspect of this 
phase. Wooden scaffolding and braces were erected to prevent further collapse. An iron 
rod was inserted between the wall supports to strengthen the walls' integrity and to 
form a skeleton for the arch, which was rebuilt with mud bricks. The arch was white­
washed and toned to match the s urrounding decorative scheme. Because of the site's 
extensive structural needs, inpainting was confined only to areas in which it was re­
quired to reconstruct visual unity. Many areas were stabilized but not inpainted. 

Phase II .  This portion of the project took place in 1985, when the church exterior 
was cleaned and resurfaced and the roof replaced. The exterior was swept clean with 
brooIns of local manufacture, then resurfaced with adobe mortar and painted with lime 
wash. Replacement of the roof involved approximately 100 laborers from the ten neigh­
boring communities, who were employed to make mud brick and cut reeds and grass. 
Soldiers assisted with the transportation of materials from the lowlands: bamboo and 
trees of substantial girth do not live in the altiplano, and thus needed to be transported 
to the site. 

Once again, traditional native construction technologies were used. Reeds were 
gathered by women and children,. and heavy construction was done by male craftsmen. 
Craftsmen prepared new bricks in wooden molds, let them dry and installed them. 
Bricks were joined with mud mortar and later whitewashed with lime. A few modem 
materials were used; they complemented and were compatible with the original, locally 
available and financially feasible ones. For example, wire mesh reinforced the roofing 
thatch, and zinc flashing directed rain runoff. 

Although the roof had been renewed periodically over the centuries-mostly on 
an emergency basis-its degraded condition mandated it be replaced entirely, including 
some deteriorated beams, one section at a time. Wooden support beams were set into 
adobe at the top of the walls. Next, bamboo reeds were secured to the beams; the wire 
mesh was applied to the reeds as a base upon which to attach the thatch. Interior and 
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exterior views of the completed roof indicated it was identical in appearance to the 
original. 
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Phase III. The major effort during this phase of the project, in 1987, was the 
cleaning and stabilization of the free-standing bell tower, located in one comer of the 
churchyard adjacent to the army camp. Again traditional technology was used to stabi­
lize mud brick with mud mortar and lime whitewash. 

Drainage pipes were installed in the churchyard and drainage stones excavated 
at the exterior base of the church walls. These flat stones probably date to the construc­
tion of the building and were designed as part of the water runoff system. 

Future site preservation agenda 

The project ended with completion of the 1987 restoration season, although more work 
remains to be done, such as restoration of the main altar. The local communities, whose 
ancestors built the church, were again charged with the church's upkeep. Religious 
ceremonies continue to be performed in the church on a limited basis; Curahuara lacks 
a permanent priest. 

Visiting IBC staff continue regular monitoring of the site. Any earthen architec­
tural artifact requires careful attention and constant care. Recently one large buttress 
had to be renewed. However, two major problems threaten preservation of the church. 
As the native population declines, the time-honored system of communities providing 
its upkeep is endangered. Also, the potential rerouting of the Chile-Bolivia highway 
would effectively cut Curahuara off from outside traffic which currently passes the 
town on its way to the Chilean border. Moving the highway would also necessitate 
moving the military base, which the town depends on in many ways for its survival. 

On the hopeful side, the project at Curahuara has served as a role model for 
other remote colonial adobe sites at Carabuco and Caquiaviri, where similar problems 
have been encountered, similar treatment methods have been employed, and the strat­
egy of integrating local co mmunities into restoration projects have been used with equal 
success. 

Analytical work on cross-sections of paint layers and identification of materials 
from the Curahuara site continues. Analysis of the cross-sections will be forthcoming. 

Conclusion 

The church at Curahuara in the Bolivian altiplano is famed for its early colonial murals, 
the most complete grouping from this period in all South America. Throughout the 
centuries native descendants of the builders were charged with its care and preserva­
tion, but the church has degraded much in recent decades owing to the economic prob­
lems in the region. A recent site survey by the Bolivian Institute of Culture identified 
needs and proposed international assistance, which was forthcoming through 
UNESCO. In a three-phase project, IBC staff, local craftsmen, and military workers 
cleared the site, replaced the roof, cleaned and stabilized the murals, replaced adobe, 
and whitewashed the walls of the church and free-standing belltower. The project was 
unique in that it integrated IBC professionals, local craftsmen, and the military. The 
church has been and continues to be a source of historical importance and community 
pride at this remote site. 



ABSTRACT 

The southwestern region ( South­
west ) of the United States 
preserves an important patrimony 
of architectural finishes com­
posed of and executed on earth­
based renderings . These finishes , 
plain renderings ( e . g .  "plaster" ) 
and mural paintings , have been 
employed extensively by the 
prehistoric and historic Pueblo 
peoples (Native Americans ) of the 
Southwest on their complex domes­
tic and ceremonial architecture . 
This paper summarizes three areas 
of research on Pueblo finishes , 
concentrating on the Pueblo I I I  
period ( A . D .  1 100-1300 ) :  

1 .  Laboratory analyses . Sam­
ples of Pueblo renderings were 
analyzed with methods developed 
by the National Bureau of Stand­
ards . Much of the resulting data 
was unexpected . 

2 .  Simulation of murals to test 
detachment methods .  Simulated 
Pueblo murals provided models for 
testing several techniques for 
detachment of finishes from 
threatened sites . 

3 .  Pilot conservation treat­
ments . The obj ective of the 
pilot conservation treatments 
was to develop methods for sta­
bilization of finishes on site 
in the Southw'est . Minimally 
intrusive methods " ere stressed . 
A hOlistic approach to conserva­
tion is recommended .  

KEYWORDS 

Mural painting conservation, 
detachment of mural paintings , 
conservation of earthen render­
ings , analyses of adobe . 
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ANALYSES AND CONSERVATION OF PUEBLO ARCHITECTURAL FINISHES IN THE 
AMERICAN SOUTHWEST 

Constance S .  Silver 
949 West End Ave . 
New York , NY 10025 
USA 

Pueblo Finishes : An OVerview 

The American Southwest includes the states of Arizona , Colorado , New Mexico , 
and Utah . The region is characterized by deserts and semi-arid steppes tra­
versed by a few rivers and by mountain ranges that support pine forests . Win­
ters are cold and relatively dry . Summers are hot and dry , but heavy rain 
storms are common . The Southwest lacks many resources .  OVer the centuries , 
intensive dry farming and river irrigation at lower altitudes have sustained 
native peoples . 

By 1 100 A . D . , the prehistoric peoples of the Southwest had developed a 
complex architecture of earth, cut stone and mud mortar , timber roofing , and 
architectural finishes composed of earthen renderings . Prehistoric Pueblo 
culture and architecture culminated in the Pueblo III period (A.D.  1 1 00-1300 ) , 
exempli fied by the remarkable "cliff dwellings , "  highly developed settlements 
of domestic structures , four-storey towers , plazas , and subterranean ceremonial 
kivas , constructed within natural rock shelters ( See figs . 1 ,  2 ) .  Both cere­
monial and non-ceremonial structures were finished with refined renderings 
composed of several superimposed strata . 

Pueblo kivas were often painted with ritually significant mural paintings . 
Briefly described , a preparatory coarse-textured rendering ( e . g .  "brown coat " )  
was applied to the masonry walls of the kiva , followed by a fine-textured 
finish rendering . The finish rendering was embellished with a variety of tech­
niques , as seen in the Pueblo III kiva of site LA 17360 , New Mexico ( See figs . 
3 ,  4 ) . Color fields of white and red paint were applied as horizontal bands.  
Designs were then painted by brush or incised into the plaster . Painted im­
pressions were also made of hanQprints . New murals were executed by superimpo­
sition of new finish rendering onto the existing mural painting , followed by 
painting . 

Kiva murals , their technique of execution and cultural content , were stud­
ied extensively by Watson Smith in the 1930s and 1940s . ( 1 )  Indeed , Smith ' s  
research was so comprehensive that few subsequent anthropological and technical 
studies were undertaken until those carried out by the author and other re­
searchers over the last decade . ( 2 )  This research has indicated that Pueblo 
builders also developed and employed a formal scheme of architectural embellish­
ment . Although less complex than kiva murals , these finishes include simple 
renderings , white washes , colored washes (pink and red ) ,  bichrome designs ( See 
fig .  5 ) , and painted designs . 

Smith made several important observations about Pueblo finishes . His 
analyses revealed the Pueblo palette to be a j udicious use and mixture of na­
turally occurring pigments . Although no formal analyses were made of paint 
media , Smith ' s  ethnographic models suggested many possible sources . Smith also 
observed that Pueblo architectural finishes and mortar are two different com­
ponents of a wall ; they differ in form, function and physical composition . 
Mortar is a structural component of masonry . For example , at the site of 
Awatovi , Arizona , mortar was composed primarily of "clay or adobe , "  with vary­
ing admixtures of sand . It was compact , cohesive , but coarse-textured , with a 
gray or green tinge . By contrast , the finishes applied to walls , especially 
in kivas , were composed of a fine-textured , rec1dish-brown rendering. Smith 
also observed that this rendering had excellent properties . It cracked and 
shrank only slightly after drying . While it was not totally vmterproof ,  it did 
wi thstand considerable dampness and even some direct rain . Hm,ever , it also 
had the capacity to be re-plasticized repeatedly by the addition of water . 
These observations by Smith pointed to a highly developed and selective use 
of earthen materials in architecture by Pueblo peoples . Further , the capacity 
of Pueblo renderings to be re-plasticized suggested minimally intrusive tech­
niques for conservation of finishes on site , as will be described in a follOW­
ing section of this paper . 

Pueblo Finishes : Analyses of Component Materials 

In 1 987 , the author examined samples of Pueblo renderings and mural paintings 
with analytical methods established by the National Bureau of Standards to 
characterize adobe . ( 3 )  These analyses had three obj ectives : first , to expand 
understanding of prehistoric Pueblo technologies , specifically to ascertain if 
Pueblo finishes differ from structural adobe ; second , to determine if Pueblo 
finishes have special properties which have contributed to their longevity and 
which might be used in conservation treatments ; and third , to ensure that 
simulated murals used for testing detachment methods provided reasonably ap­
propriate models . 



1 .  Mesa Verde National Park . 
Cliff Palace , the largest cliff 
dwelling in North America . 

2 .  Plan o f  Cliff Palace ( Fewkes ) 
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The National Bureau of Standards recommends seven analytical methods for 
structural adobe . Samples were analyzed from sites in Arizona : Escalante Ruin , 
a prehistoric Pueblo site ;  Tumacacori , an eighteenth-century Spanish colonial 
church; soil adj acent to Tumacacori ;  and Fort Bowie ,  a nineteenth-century Fort . 
In 1 987 , the author analyzed renderings from the following sites : 1 .  Lowry 
Ruin , Colorado , mural painting from Kiva B (c .  1100 A . D . ) ;  2 .  River House Ruin, 
Colorado , mural from a kiva ( c .  1200 A . D . ) ;  3 .  comparative sample of raw earth 
from a possible "adobe soil . quarry , "  Mesa Verde National Park , Colorado; 
4. comparative sample of a Pre-Columbian painted rendering . from Cardal Lur , 
Peru ; 5 .  comparative sample of nineteenth-century earthen rendering from Mis­
sion Santa Cruz , California ;  and 6 .  comparative sample of commercial raw adobe 
from Santa Fe , New Mexico . Due to the small size of the samples ,  two analYdes 
could not be carried out , identification of soluble salts and evaluation of 
liquid and plastic limits . Analysis of organic media , omitted by the National 
Bureau of Stanaards , was included . The results of the analyses are summarized , 
including relevant analyses of structural adobe by the National Bureau of 
Standards .  

Analyses of Microfabric 

The microfabrics were examined by the following methods :  microscopic analyses 
of cross-sections in reflected light ; thin sections in reflected light and 
polarizing light ; and scanning electron microscope ( SEM) photographs of cross­
sections of rendering and paint . ( 4 )  

The Pueblo renderings closely resemble each other , although separated by 
160 kID and about 100 years . They exhibit a homogenous consistency , in marked 
contrast to the other samples . 

Munsell Color Determinations 

The Munsell Soil Color Charts ( 1975 edition ) was used . However , the number of 
samples was too limited to permit general conclusions about consistency of 
color . 

Determination of pH 

A Hach Kit was used . ( 5  ) The results are compared to pH analyses of the struc­
tural adobes : 

National Bureau of Standards 1987 Analyses of Renderings 
Sample I?!! � I?!! 
Escalante Adobe 8 . 19 Lowry Ruin 6 . 09 +- . 02 
Fort Bowie 8 . 72 River House Ruin 7 . 66 
Tumacacori Adobe 8 . 1 2 Carda I Lur 7 . 21 
Tumacacori Soil 8 . 26 Mesa Verde "Adobe" Soil 7 . 69 

Santa Fe Commercial Adobe 8 . 20 

The pH levels of the Pueblo renderings vary from slightly acidic to pH 
neutral ,  whereas the structural adobes are all somewhat basic , including the 
commercial adobe from Santa Fe . However ,  in this regard it is interesting to 
note that the sample from the possible "adobe soil quarry , "  Mesa Verde National 
Park , conforms to the pH range of the Pueblo renderings . 

Determination of Particle Size Distribution 

Particle size distribution was analyzed by Dr . Nicholas Coch, De�artment of 
Geology , Queens College , with state-of-the-art instrumentation . ( ) DL Coch 
observed several unusual characteristics of Pueblo renderings : 

All samples had to be run again because of the continuous pres­
ence of aggregates in the coarse fractions of some of the samples . 
These samples were easily the hardest ones I have ever analyzed 
because of the very strong cementation between particles by iron 
oxide and Clay . This required additional heavy physical disag­
gregation plUS an adjustment of both the chemical disaggregation 
and the ultrasonic probe disruption of the sediment samples . 

The results are compared to particle size distribution studi�s of the 
structural adobes : 

National Bureau of Standards Samples 
Sample Gravel Sand Silt Clay 

Escalante Adobe (not analyzed ) 
Fort Bowie Adobe 25 59 9 7 
Tumacacori Adobe 5-8 65-80 8-12 8-12 
Tumacacori Soil 2 24 26 

1 987 Analyses of Renderings 

Lowry Ruin . 00 28 . 09 58 . 61 1 3 . 30 
River House Ruin . 00 19 . 20 62 . 03 1 8 . 77 
Mesa Verde "Adobe " Soil . 08 57 . 85 25 . 56 1 6 . 51 
Santa Fe Commercial Adobe 5 . 32 41 . 85 18 . 27 34 . 56 



3 .  New Mexico, Site LA 17360 . 
View of the kiva and its mural 
paintings . 

4. Site LA 17360 . Detail of 
the mural paintings . 

5 .  Mesa Verde National Park . 
Spruce Tr�e House , rendering 
painted with a bichrome design. 
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The Pueblo renderings are distinctive and anomalous when compared to the 
other samples . Their particle size distributions are primarily in the silt and 
clay ranges--although the "clay" range does not automatically confirm the miner­
alogical presence of true clays . 

Mineralogical Composition 

X-ray diffraction was used . The Pueblo renderings and samples from the possible 
"adobe soil quarry , "  Mesa Verde National Park , tested negatively for the pres­
ence of mineralogical clay . These results were so surprising that the samples 
were tested independently with SEM X-ray analyses ( SEM and EDS ) . Again , the 

results were negative for the presence of clay . There are two possible ��la­
nations . First , the samples may , indeed , contain no clay. Second , and more 
likely , there is a clay component but it is present in amounts too small to De 
detected by the X-ray diffraction analyses . That is, in general a mineral phase 
will not be detected if it comprises less than 10 percent of the total sample . 
To detect clay , the clay-size category of the parti�le size distribution shoUld 
be analyzed separately for the Pueblo renderings . ( 7 }  

Analyses of Organic Media 

Histochemical stains were applied to the Pueblo renderings and paint . ( 8 )  Posi­
tive results for organic media in the paint layers were not unexpected . How­
ever , the presence of carbohydrates , lipids and proteins in the rendering from 
River House Ruin was unexpected : 

Lowry Ruin 
Paint 

Lowry Ruin 
Rendering 

River House 
Rendering 

Ruin 

Period Acid 
Schiff ( carbo­
hydrates ) 

Positive 

Negative 

Positive 

vangiesen 
Stain ( pro­
teins , usually 
collagen ) 

Positive 

Negative 

positive 

Xantho 
Protein 
Stain 

Not Tested 

Negative 

Positive 

Simulation of Pueblo Murals to Develop Methods for Detachment 

SUdan Black 
( lipids ) 

Negative 

Negative 

Positive 

Pueblo mural paintings have been detached by the strappo method , which removes 
only the pigmented layer from the rendering. Strappo can be time-consuming 
in the case of multiple strata , which must be removed individually . Conse� 
quently , murals have been lost when they could not be removed in a timely 
manner from threatened sites . Further , with the strappo method the original 
texture and optical qualities are lost with the destruction of the rendering . 

The obj ective of the �perimental program for detachment was to determine 
if available conservation materials can effect complete removal of rendering 
and painted strata by the stacco method : stacco entails detachment of rendering 
and paint as a unit . 

To effect complete removal of a Pueblo mural , the soft , friable and lam­
inated structure of rendering and paint layers must be transformed into a 
hardened and cohesive unit . Tests on samples indicated that the alkoxysilanes 
(ethyl silicate ) ,  partially polymerized ethyl silicates , and alkyl ( alkoxy 
silanes ) ,  provided effective and thorough consolidation with minimal changes 
in optical qualities . Conservare OH( R ) and Conservare H ( R) produced the best 
results .  Once consolidated, supportive facings can be adhered to the hardened 
surface of the mural , preparatory to separation of the rendering from the wall . 

Four cement blocks , each measuring 45 ern by 40 ern , were covered with a 
rendering made from commercially available adobe . The adobe was sifted through 
a 1/15 ern screen , mixed with water and sand , and applied by hand in several 
strata , to create a total thickness of about 1 . 3 ern . Although the consistency 
of this rendering did not conform to the analyzed prehistoric Pueblo render­
ings , it did provide an adequate model for test purposes .  

Each surface was divided into four sections , to create a total of 3 2  indi­
vidual mural paintings of uniform composition and design , each measuring about 
18 ern by 20 ern. Documented Pueblo pigments were used . The pigments were mixed 
with rabbit skin glue to create a workable paint . A kaolin-white color field 
was applied . A characteristic "dado" design was painted on the white field 
in iron-oxide red and yellOW, and bone black ( See fig. 6 )  

Unexpectedly large quantities of materials were required . About 3 6  kg 
of raw adobe earth were needed to create a satisfactory rendering that would 
cover 1 . 5  m2 in a layer about 1 . 3  ern thick . About 1 . 36 kg of kaolin and 90 mL 
of rabbit skin glue were needed for each 1 . 5  m2 . 



6 .  Simulated Pueblo mural paint­
ings . 

7 .  Simulated Pueblo mural paint­
ings , after detachment . 
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Murals 1 -6 were left untreated , as controls . Murals 7-18 were consoli­
dated with Conservare OH. Murals 1 9-32 were consolidated with Conservare H ,  
which contains a hydrophobe . Various combinations of isolating coatings on 
the painted surfaces , facing fabrics , and adhesives for facing fabrics were 
tested . Adhesives and isolating materials included : polyvinyl alcohol ; rabbit 
skin glue ; Acryloid B 72;  BEVA{ R ) ; Soluvar Matte {R) ; and Blair Spray Fix{R) . 
Facing fabrics included : Japanese tissue paper ; sur�ical gauze ; crepeline ; 
and monofilament . Each individual mural was treated with a different combina­
tion of these �terials . 

The faced murals were detached by separating the rendering from the block 
with a thin blade and hammer .  The detached murals were adhered to a solid 
support . The facings were removed with appropriate solvents .  The various 
combinations of materials produced a range of results from excellent (detach­
ment of the mural intact and largely unchanged ) to very poor ( almost 50 percent 
loss of rendering and paint ) .  The excellent results for Murals 14 and 2 8  were 
particularly interesting because the same isolating layer , Blair Spray Fix, 
and the same facing adhesive, polyvinyl alcohol , were employed . Conservare OH 
also increased the resistance of Mural 28 to the water-based polyvinyl alcohol 
( See fig. 7 ) . 

The experimental program indicated that detachment by stacco is possible . 
However , it has not been tested in the field . Therefore , its performance in 
the case of very thick , friable and delaminated murals is not clear . 

Conservation of Finishes on Site in the Southwest 

A series of pilot conservation treatments ,laS carried out in 1 98 1  at Mesa 
Verde National Park . ( 9 )  The obj ectives of the pilot treatments were to de­
velop methods for the stabilization of deteriorated painted and unpainted 
Pueblo renderings on site in the Southwest . Mug House Ruin (MV 1229 ) , a 
Pueblo III site , provided hlO representative examples : Kiva C ,  a subterranean 
circular kiva , and an above-ground wall that is semi-protected by the cliff 
overhang . Because the pilot treatments were similar , only the treatment of 
Kiva C is summarized . 

Kiva C was excavated in 1 960 , and it has remained exposed . 
about 1 0  superimposed layers of fine-textured renderings on the 
paratory rendering, creating a total thickness of about 2 . 5  em. 
mural painting is  a white and red "dado" design . 

There are 
rougher pre­

The visible 

Between 1960 and 1 98 1 ,  considerable deterioration had occurred . The 
murals that survived on the walls were very unstable . Several conservation 
problems were evident : detachment of rendering from wall ; delamination between 
strata; friable rendering ; friable rendering and paint; flaking paint ; ef­
florescence of salts ; root penetration; burrowing and abrasion by insects and 
rodents ; and surface dirt . 

The most serious conservation problem was the instability of the render­
ing and paint , so severe in some areas that the mural could not be touched 
without provoking further damage . In considering the rheological behavior of 
the rendering and paint , it was evident that water would be the most effective 
material for conservation treatment because it can relax and re-plasticize 
the brittle and deformed rendering to permit compaction and cohesion of the 
delaminated strata and their repositioning in plane as a unit on the wall . 
Water also reactivated the bond between the paint and the rendering . The pi­
lot conservation treatment is summarized : 

1 .  Wet-strength Japanese tissue was attached to the surface of the ren­
dering , both painted and unpainted areas , with water that was applied by brush . 
The paper acts as a support and ensures that the surface remains protected 
during treatment . The area was lightly sprayed with water until the rendering 
had become malleable . 

2 .  A 50 : 50 mixture of water and isopropyl alcohol was inj ected as a wet­
ting agent between the rendering and the wall . A 25 percent solids polyvinyl 
acetate emulsion was inj ected into areas of detachment between the rendering 
and the wall , and between the second layer of preparatory rendering and the 
first layer of finish rendering . The adhesive was not in contact with any of 
the painted layers ( See fig .  8 ) . 

3 .  The treated area was then pressed gently back into plane on the wall . 
Local pressure was used on the dampened rendering to compact the strata , re­
newing the cohesive strength and re-establishing continuous contact between 
paint , rendering and wall . During treatment , the surface of the mural re­
mained generally visible through the Japanese paper , allowing the treatment 
to be monitored . 

4 . Simple presses , constructed from plywood and faced with foam rubber , 
were placed in contact with the treated areas , to maintain drying under pres­
sure for 48 hours . The presses were held in place by wedging them with ply­
wood shafts that were weighted at the ground with large rocks ( See fig . 9 ) . 
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8. On-site pilot conservation 
treatment . Inj ection of adhe­
sive after facing with Japanese 
tissue . 

9. The treated area drying 
under pressure . 
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5 . After drying , the Japanese paper was removed . Some dirt was removed 
on the paper , but paint and rendering remained unaffected . With the exception 
of some very unstable flakes , the treated areas had become a cohesive unit 
secured to the wall . 

6 .  Unstable flakes of paint were adhered with localized applications of 
Acryloid B 72 , about 8 percent in toluene . Repeated applications of acetone 
removed surface residues; however , changes in optical qualities , primarily a 
deepening of tone , would be apparent if large areas were treated with resins . 

7 .  A very friable area of rendering was treated with Tegovakon T( R ) , an 
alkoxysilane manufactured by Th . Goldschmidt . Conservare H and Conservare OH 
produce better results , but they were not readily available in the United 
States in 1 981 . 

8 .  Efflorescence of salts were initially removed by light brushing with 
a sable brush . Tenacious salts were treated with a compress of paper pulp 
infused with a saturated solution of bicarbonate of soda . The compress re­
mained in place for about 5 hours . Compresses of distilled water fOllowed . 
About 50 percent of the salts were removed , with no damage to the rendering 
or paint . 

9 .  Rotted roots were removed by standard mechanical methods , such as 
brushing. 

Kiva C was re-examined in 1 985 . The treated murals had remained stable . 
This treatment reflects the author ' s  bias in favor of minimally intrusive me­
thods of conservation. Conservation is primarily effected by renewal of the 
correct rheology of the rendering through j udicious use of water . The mural 
retains its original Native American character and the original optical qual­
ities remain unaltered . Future conservation treatments are not compromised . 
The treatments are so simple that they can be implemented by any trained con­
servator . The cost of treatment is low . 

Two caveats are in order . First polyvinyl acetate emulsion has been used 
extensively in the conservation of mural paintings . However , adhesives that 
better retain their chemical stability and permit some transmission of water 
shOUld be developed . The question of biodeterioration of adhesives when used 
on site also requires further examination . Second , it must be understood that 
fragile Pueblo renderings and murals cannot be preserved , regardless of con­
servation treatment , i f  they remain subj ect to adverse environmental condi­
tions . In the case of excavated kivas , conservation treatments must be 
fOllowed by controlled backfilling .  Several excellent methods and materials 
are nm" available for backfilling . 

Conclusions and Recommendations 

Although only a few samples were analyzed , the results suggest a highly re­
fined and very selective technical tradition of Pueblo finishes . The possible 
absence of clay and the inclusion of organic media are particularly intriguing . 
Analyses of a similar mural painting tradition from Buddhist Central Asia 
resulted in precise identification of the sources of organic media.  ( 10 ) Sim­
ilar analyses of a large sample of Pueblo renderings might increase under­
standing of use of the limited resources of the Southwest by prehistoric 
Pueblo peoples . It might also be possible to incorporate traditional materials 
into future conservation treatments , thus maintaining consistent and compatible 
systems throughout a mural painting or rendering . 

All detachment methods result in some damage to a mural .  Changes in 
optical qualities occur . The ensemble of mural and architecture is disrupted . 
Therefore , detachment is always a treatment of last resort . The methods 
described in this paper for stacco provide a possible option for removal of 
murals from threatened sites-.-----

Additional research is required to develop a specific adhesive adapted 
to reattachment of Pueblo renderings to walls on site in the Southwest . The 
acrylic emulsions may be good candidates . ( 1 1 )  In this regard , it should be 
noted that the adhesive need not be extremely strong to be effective . Indeed , 
an overly - strong adhesive could promote mechanical stress . Rather , proper­
ties of ageing , biodeterioration and 'later transmission are more important 
considerations . 

Following development of a more appropriate adhesive , a holistic approach 
to conservation shOUld be implemented , controlled backfilling being an integral 
treatment for kivas . 



Conservation and Restoration 181 

Materials 

BEVA. Developed in the late 1960s by Gustav Berger as an adhesive for relining 
canvas paintings . The basic composition is : 

Elvax Resin Grade 1 50 (Dupont ) .  
Ketone N.  Resin (BASF ) .  , . .  . 
Cellolyn 21 Resin Hercules . .  . 
A-C 400 Copolymer (Allied Chemical ) 
Paraffin Oil-Free ( 65 C°Melt Point ) 

. 250 g 

. 150 g 
29 g 
85 g 
50 g 

BEVA is available from Conservation Materials Ltd . , 340 Freeport Blvd . , 
Sparks , Nevada 89431 ,  USA ( 702 33 1-0562 ) .  

Blair Spray Fix . Trade name of a nitrocellulose-based fixative . It contains 
nitocellulose resin , methylene chloride , alcohols ,  acetates , and ketones . It 
is made by Blair Art Products , Inc . , Twinsburg , OH 44087 USA. 

Conservare H and Conservare OH. The basic composition is 2-propanone , 
2-butanone and tetraethylorthosilicate . Originally manufactured by Wacker­
Chemie ,  Munich, Germany , these consolidants are available in the United States 
from ProSoCo , Inc . , P . O .  Box 1 578 , Kansas City , Kansas 661 17 ( 9 1 3  281-2700) . 

Soluvar Matte . Soluvar and Soluvar Matte are acrylic resin varnishes , pro­
duced in the United States by Liquitex, Binney & Smith, Inc . , Easton , PA 
1 8005-0431 .  The principal component is isobutyl methacrylate polymer . 

Tegovakon . Th . Goldschmidt , AG , Essen, Germany , has marketed five stone con­
solidants : Sandstone Consolidant , a two-component product containing ethyl 
silicate , methyl (triethoxy ) silane , ethanol , and hydrochloric acid and water ; 
Tegovakon, similar to Sandstone Consolidant; Tegovakon H, a tivo-component mix­
ture of "silicon esters " and water-repellent ; and Tegovakon GS , a single 
component similar to Tegovakon H; and Tegovakon V ,  ethyl silicate . 
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ABSTRACT 

A methodology for the 
conservation and restoration 
of earthen structures is 
proposed . 

Thi s  methodology 
encompasses the study of the 
physical environment , 
historic values , the state 
of the building and the 
evaluation of the 
architectural typology and 
architectural significance . 
These elements are taken into 
account in a cyclic approach 
to balance between the 
different kinds o f  values 
that are important in the 
definition of the 
intervention . 

In thi s  way the 
technical problem of 
conservation of earthen 
structures is embedded in a 
global evaluation that is 
appropriate for the 
preservation of the 
monument . 
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METHODOLOGIE DE LA CONSERVATION ET DE LA RESTAURATION DES 
MONUMENTS EN TERRE . 

Koenraad Van Balen 
ingenieur architecte 
Centre d ' etude pour la conservation 
du patrimoine architectural et urbain 
K . U . Leuven 
Kasteel van Arenberg 
B-3 0 3 0  Leuven , Belgium . 

Introduction . 

La lecture de differentes methodologies proposees pour la 
conservation des constructions en terre montre que celles-ci se 
limitent en general a un point de depart ou Ie probleme technique 
de la conservation des materiaux est aborde ( 1 ) . Ceci mene en 
general a des solutions techniques qui perdent de vue Ie cadre 
architectural et social , tant pour l ' evaluation du probleme pose 
par la conservation que pour les possibles solutions . 

Pourtant i l  y a des personnes qui se sont interessees a 
l ' etude des traditions culturel les avec Ie but de pouvoir 
comprendre la tradition architecturale afin de maintenir la main­
d ' oeuvre , la connai ssance du savoir-faire . Ceci peut aussi etre 
utile au conservateur pour la comprehension de l ' architecture dans 
laquelle il intervient ainsi que pour la sauvegarde de la 
tradition de l ' entretien . Ce dernier point est reconnu comme 
etant de tres grande importance pour la sauvegarde du patrimoine 
en terre ( 2 ) . Seulement il ne semble pas encore incorpore dans 
les politiques de sauvegarde , a part que en termes generaux . 
L ' etude des techniques d ' entretien et leurs applicabi lites dans la 
conservation semble par contre negligee . Pour un grand nombre de 
conservateurs ces techniques sont beaucoup trop vigoureuses , bien 
qu ' appliquees pendant des dizaines d ' annees . Helas il  faut dire 
que l ' efficacite de ces techniques diminue fortement quand les 
intervalles des travaux deviennent si importants qu ' on ne se 
souvient plus du dernier entretien . 

L ' intervention doit clairement se distinguer des elements 
originaux , comme il est mentionne a juste titre , conformement a la 
Charte de Venice , dans les differents col loques qui ont precede 
celui-ci ( 3 ) . Mai s  dans Ie cas des objets architecturaux ce type 
d ' intervention ne peut satisfaire que quand on tient compte de la 
dimension architecturale . Pour cette raison nous proposons une 
lecture et une analyse plus approfondies de la dimension 
architecturale avant de definir Ie type d ' intervention . 

Ce dilemme que pose la conservation du patrimoine 
architectural - preference pour l ' objet archeologique ou pour Ie 
chef-d ' oeuvre architectural - se pose par exemple clairement dans 
l ' ancienne ville de Buda . 

I I  me semble donc qu ' il faut a j outer a la proposition faite a 
Ankara ( 1 980 ) : " . • .  la preservation de l ' integrite de 
l ' architecture en terre comme un tout qui comprend les concepts et 
techniques traditionnelles qui etaient uti lises a l ' origine et 
continuent a etre uti l i ses auj ourd ' hui • • .  " la dimension 
architecturale . 

Pour pouvoir maitriser ces differentes "dimensions" une 
approche est proposee et commentee par la suite . 

Une methodologie . 

L ' integration de problemes techniques dans un contexte plus vaste 
de conservation a ete etudiee pour des problemes de consolidation 
structurelle ( 4 )  et des problemes analogues d ' evaluation de 
risques dans la protection du patrimoine contre les incendies et 
d ' autres risques naturels ( 5 ) . II nous a paru utile d ' elaborer 
une approche simi laire pour cette conference . 

Le point de depart de cette methodologie est que chaque 
probleme technique se trouve dans un vaste contexte qu ' i l faut 
analyser profondement . Pour cela une approche pas a pas est 
proposee qui distingue les phases suivantes :  L ' ANALYSE ;  LE 
DIAGNOSTIC ,  LA THERAPIE et LE CONTROLE . 

Poursuivons ces differentes phases afin d ' eclaircir nos 
idees . 
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1 . L ' ANALYSE . 

Un monument historique doit etre analyse dans ses differentes 
dimensions . I I  s ' agit d ' un objet architectural qui reflete une 
histoire et donc l ' analyse historique doit etre etudiee . II  
s ' agit d ' un conglomerat de materiaux et done Ie comportement de 
ces materiaux doit etre connu . L ' architecture nous devoile aussi 
une typologie de construction qui ressort de l ' histoire de 
l ' architecture et est la reponse envers les differentes 
restrictions comme Ie cl imat , la presence de matieres premieres ,  
une technologie acquise dans la peri ode de construction et des 
differentes interventions ulterieures . 

L ' architecture elle-meme est porteuse d ' une signi fication 
( 6 ) , elle est un " symbole" qui doit etre compris dans Ie  contexte 
de la societe qui l ' a cree , mais elle devient , comme monument 
historique , un symbole pour notre societe d ' au jourd ' hui . 

La phase de l ' analyse envisage donc d ' e f filer ces differentes 
dimensions afin de pouvoir les estimer et les confronter dans Ie  
diagnostic ou les grandes lignes de l ' intervention doivent etre 
def inies . 

L ' analyse tiendra , entre autre , compte des pas suivants : 

a .  l ' etude de l ' environnement dans lequel se trouve l ' objet de 
l ' etude , la situation geographique , Ie climat , Ie  microclimat 
( urbanistique ) ,  la situation dans un reseau urbain , la 
disponibil ite de matieres premieres , la technologie acquise par la 
societe . 

b .  l ' etude historique du batiment base sur des sources ecrites , 
iconographiques mais aussi des temoins dans la construction meme . 
cette etude necessite done un releve precis et detaille du 
batiment . 
c .  l ' etude des materiaux : leur composition originale , l ' origine 
des matieres premieres employees , leur etat de conservation , 
l ' emplacement mutuel , les degradations qui temoignent de leur 
incompatibil ite ( fissures , degradation plus accentuee dans la zone 
de contact , . . •  ) ,  les caracteristiques physiques et structurels 
( porometri e ,  isothermies , . . .  ) des materiaux . Dans Ie cas des 
constructions en terre la connaissance de la structure interne du 
materiau ainsi que les caracteristiques des terres employees pour 
la f abrication est de grande importance . 

d .  Ie comportement mecanique des constructions portantes en 
terre doit etre etudie en tenant compte du systeme global de la 
structure et pas seulement des materiaux isoles . Par exemple Ie  
comportement d ' une paroi en terre renforcee de pannes de bois lors 
d ' un tremblement de terre , ne peut s ' expl iquer que par la 
comprehension de l ' interaction des differents materiaux . 

Les elements cites ci-dessus semblent assez evidents et font 
l ' objet de la plupart des etudes prealables , mais nous voulons 
insister ici que cette approche ne peut satisfaire que si les 
elements suivants sont aussi inclus : 

e .  l ' architecture reflete aussi une typologie de construction 
qui a son tour ref l ete la connaissance du savoir-faire d ' une 
societe a une certaine periode . Ceci est de ja en soi une 
dimension interessante qui vaut l ' etude . certaines de ces 
typologies sont la cumulation de la connaissance acquise pendant 
des siecles , des reponses aux restrictions posees par 
l ' environnement et les degradations qui en suivent . La protection 
des parois en terre par des grands toits en surplomb dans les 
regions pluvieuses en est un exemple . La protection des parois en 
terre par des enduits , qui sont souvent renouveles pendant les 
travaux d ' entretien , en est un autre . 

f .  typologie et materiau sont l ies entre eux dans la conception 
initiale du batiment et donc dans une approche de conservation . 
Le conservateur approchera donc avec beaucoup de retenue Ie 
batiment en respect ant la typologie . 

Dans di f f erentes regions du monde , souvent les pays en voie 
de developpement , la technologie ancienne a ete conservee et on 
trouve aisement la main-d ' oeuvre pour entretenir ces constructions 
de la meme maniere que cela a ete fait pendant longtemps . La 
sauvegarde de la technologie ,  dans ce cas , est possible par la 
poursuite de la tradition d ' entretien . 
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Dans beaucoup de pays -dits civi lises- cette main-d ' oeuvre 
n ' est plus disponible et on a perdu la notion importante de 
l ' entretien regul ier . Le probleme de la conservation des 
batiments devient alors different : la sauvegarde de la technologie 
ne peut alors qU ' etre garantie par la conservation minutieuse de 
ses temoins dans des circonstances penibles creees par Ie  manque 
d ' entretien ! 

La conservation d ' un monument historique necessite souvent la 
mise en valeur de la signif ication dont i l  est porteur . Cette 
dimension doit etre etudiee afin de pouvoir decider comment se 
fera l '  intervention . Peut-etre faudra-t-il une intervention 
architecturale afin de rendre plus l isible aujourd ' hui la 
signification d�nt il  s ' agit . 

2 .  LE DIAGNOSTIC . 

Le diagnostic est en effet la confrontation et la synthese des 
resultats de l ' analyse . II faudra resoudre differents dilemmes . 
Je vous en presente quelques-uns . 

a .  faut-il consolider une ruine de murail les en adobe sans 
restaurer ces elements typologiques qui ont ete con9us , mais qui 
n ' existent plus , pour la protection des parties superieures des 
murs ( voir par exemple les surplombs des toitures ou les enduits ) ?  

b .  doit-on reemployer comme element structure 1 un mur en adobe 
qui apparemment est lezarde par la perte de cohesion du materiau 
meme et par des fissurations dues a des tassements differentiels? 
La valeur historique de ce mur sera appreciee differemment s ' i l 
porte des traces uniques pour l ' histoire ou s ' i l peut etre refait 
a neuf sans changer vraiment la valeur historique du batiment . 

c .  dependant de la valeur unique de l ' element sur lequel i l  faut 
intervenir , une technique de consol idation et de conservation peut 
etre executee pour autant que cette technique offre assez de 
garantie . Par c�ntre si la valeur monumentale de cet element 
architectural ressort de son aspect global cet element pourrait 
etre refait avec des techniques traditionnel les , me me ameliorees . 

d .  beaucoup de constructions en terre ont pu survivre tout au 
long des decennies , des centenaires par l ' entretien qu ' elles ont 
subi regulierement . Cet entretien de nos jours est souvent 
negl ige et beaucoup de ces batiments fragiles en terre sont dans 
des situations deplorables . La restauration devient alors un 
travai l  d ' entretien accumule et ajourne qui devient alors plus 
radical que la poursuite de travaux d ' entretien normaux aura it 
cause . ceci peut clairement etre i l lustre a Quito , Oll la 
vulnerabi lite du patrimoine est accrue par manque d ' entretien 
apres les tremblements de terre . 

e .  la perte de la main d ' oeuvre special isee et du savoir-faire 
traditionnel est une hypotheque sur la poursuite des travaux 
d ' entretien tellement necessaire . Ne faut-il donc pas d ' abord 
parler de la conservation de la main-d' oeuvre et du savoir-faire 
avant d ' aborder I e  probleme de la conservation des batiments 
memes? 

En resolvant les dilemmes il faudra definir les objectifs 
precis de l '  intervention . ceci aussi bien au niveau architectural 
qu ' au niveau technique : quel les sont les exigences auxquelles les 
interventions doivent satisfaire pour garantir une securite 
suffisante pour la protection de l ' unicite de l ' objet et de la 
securite acceptable pour la societe . Ces objectifs s ' expriment en 
termes precis comme par exemple une resistance mecanique de X MPa , 
une progression de deformation l imitee , . . .  

3 .  LA THERAPIE ET LE CONTROLE . 

Dans cette phase seront definis les travaux qui doivent etre 
executes . lIs seront decrits et executes tenant compte des 
obj ectifs definis par Ie  diagnostic . Nous lions directement cette 
phase au contr61 e  qui est Ie  " feed-back" vers les phases 
precedentes . 



7 par exemple les 
experiences a Pueblo Benito 
avec des constructions en 
terre ; T .  Rutenbech , 
Monitoring structural 
movements in historic stone 
masonry buildings in 
Preprint of the proceedings 
of the International 
Technical Conference on 
structural Conservation of 
stone Masonry. Athens. 
Greece. October - November 
1 9 8 9 . 

Conservation and Restoration 

Le contrale permet en cours d ' execution d ' evaluer la 
therapie .  Les criteres d ' evaluation sont definis par le  
diagnostic mai s  i l  faut aus s i  tenir compte de l ' incertitude 
inherente l iee a l ' analyse .  On cons tate par exemple lors de 
l ' intervention que les prealables de l ' analyse ne sont pas 
confirmes , ou pire encore , contredits . Il faut alors retourner a 
la phase de l ' analyse afin de revoir quelles sont les implications 
des nouvelles donnees sur les deci sions prises . Ainsi la 
methodologie s e  presente comme un parcours avec recouplages , 
chaque nouvel le donnee sera relatee aux valeurs ressortant de 
l ' analys e . 

Cette procedure nous donne auss i  la pos s ibilite de l imiter 
les travaux excessifs  dus aux incertitudes . 
Prenons par exemple un mur porteur qui ,  suite aux charges qu ' il 
porte , subit une deformation croi ssante . cette deformation 
croissante est une mesure pour le manque de stabil ite ( 7 )  et des 
calcu l s  devront donner des indices sur les marges de securite , qui 
a leur tour definiront les caracteristiques a donner a la 
mayonnerie pour qu ' un niveau de securite acceptable soit atteint . 
Ces caracteristiques seront comparees aux prestations des 
techniques qui peuvent etre employees et on choisira une methode 
qui interviendra le moins possibl e .  Nous savons que dans la 
methode de calcul beaucoup de facteurs d ' incertitude sont compris 
et nous devrons essayer de les eliminer le plus possibl e .  Ceci 
peut se faire par une amel ioration de la connai ssance du 
comportement des materiaux ainsi que par l ' emploi d ' un modele plus 
approprie au probleme a resoudre . S i  pour des raisons de 
sauvegarde de l ' authenticite , une intervention minimale est 
proposee , un systeme de contrale de deformation peut nous aider a 
evaluer l ' effet de l ' intervention .  Une premiere intervention peut 
alors etre executee et evaluee avec le systeme de "surveillance" .  
si ce systeme de contrale montre que l ' intervention est 
satisfaisante , meme si le  calcul avec toutes ses marges 
d ' incertitude n ' aurait pas pu le demontrer , une garantie est 
offerte et l ' intervention est minimal isee . si par contre le 
systeme de contrale ne nous donne pas s atisfaction sur les travaux 
executes , parce que par exemple la croi ssance des deformations 
n ' es t  pas satisfaisante , une s econde intervention peut etre 
proposee . Ainsi une intervention en cascade peut etre executee 
avec chaque fois des etapes minimales qui evitent chaque 
exageration . 

Cette approche que nous avons employee pour l ' eglise de Notre 
Dame a Ninove en Belgique , montre qu ' i l  est possible d ' eviter des 
interventions qui ressortent de l ' incertitude de notre 
connaissance du comportement des materiaux et du manque 
d ' exactitude des modeles de calcul , 

Il s ' agit donc de definir , pour chaque type de probleme qui s e  
pose dans le  batiment , l e s  parametres qui refletent a u  mieux 
l ' efficacite de l ' intervention . De plus s i  ce parametre peut etre 
mesure avec des techniques non destructives , un systeme optimal de 
surveillance peut etre etabl i .  

Le schema des differentes etapes pour resoudre de cette 
maniere un probleme de stabi l ite peut etre resume par le graphique 
suivant . Pour des problemes avec les materiaux , des schemas 
analogues peuvent etre elabores . 
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ANALYSE 

�tudiez les informations generales sur Ie 
�iitiment, la structure, les options de base de 

estauration. 

�alysez et inventoriez la situation dans 
aquelle se trouve la structure par une 
�nalyse approfondie. 

� informations confirment-elles les !Ajustez les informations 
nformations generales? �enerales. 

� 
OUI 

OU ILe probleme structurel est-il simple ou de 
outine? 

r-

NON 

DIAGNOSTIC raites un modele de la structure. justez Ie modele. 
+ [ESt-ii, ainsi defini, un mecanisme? justez les informations 

�U enerales. 
NON JOUI �

t
modele peut-il 

�tre ajuste? 
,NnN 

tan�nnez la I erifiez la securite de la structure. I tructure. 

OUI 

E securite est-elle suffisante? � �harges, forces, marges de 
UUl r.ecurite partielle: 

,NO!' peuvent-elles etre corrigees? peterminez Ie diagnostic. 

r structure, est-elle satisfaisante? fUl fas de theraiJie ne�iiefl 
1 NON 

OUIP;-elements critiques �'enlevement ou l'endommagement de 
certains elements de la construction, �uvent-ils supporter des 

peuvent-ils mettre en danger la stabilite 
Forces accidentelles? 

otale ou partielle de la structure? OUI \ NON NON 
1 
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I 
THERAPlE 

• Protegez ou renforcez ces 
elements critiques. 

rescrivez la therapie. I r 
NON 

'accorde-t-elle avec Ie cadre general? justez la therapie. I 
IAjustez les informations OUI 
�enerales. 

NON ILes informations generales de l'analyse, 
kont-elles confirmees pendant l'execution de 

a therapie? 
OUI t therapie reste-t-elle praticable? I 

i NON lOUI 
FntrOlez et dosez l'execution. 

CONTROLE 
�alysez la structure amelioree. Rapportez 
es travaux executes. 

Conclusion . 

La conservation des monuments en terre n ' est pas seulement un 
probleme technique qui a comme but de conserver ou restaurer au 
mieux Ie materiau . 

L ' approche proposee veut mettre en evidence l ' importance des 
differentes dimensions de la conservation architecturale qui 
toutes doivent etre prises en consideration quand des decisions 
sur l ' intervention doivent etre prises . 

L ' evaluation des valeurs historiques ainsi que l ' evaluation 
des problemes techniques sont de ja aujourd ' hui Ie sujet de 
beaucoup d ' etudes prealables aux interventions . 

La connaissance et , surtout , l ' interpretation a l ' egard de la 
conservation des typologies de construction et la conservation des 
methodes d ' entretien ainsi que de la main-d ' oeuvre sont souvent 
negligees . 

L ' etude de ces typologies nous apprend beaucoup sur la 
durabil ite des techniques - y compris les details architecturaux -
suite a une experience beaucoup plus longue qu ' avec les produits 
modernes .  Elle nous aidera a intervenir plus scrupuleusement et 
d ' envisager des solutions architecturales appropriees pour des 
uroblemes meme techniques . 
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ABSTRACT 

Wit hin t he social framework 
of Peruvian rea l i t y , t he im­
portance of hous ing b u i l t  
with mud and o t her tradi ­
t ional materials i n  the re­
gion as we l l  as t he need of 
using improved technologies 
in seismic and rainy areas 
i s  presented . A des crip t ­
i o n  i s  cont ained here in o f  
characteri s t ics , advantages 
and d i s advant ages of earth­
en bu i ldings as we l l  as 
technical recommendat ions 
which have been deve loped 
after extens ive research 
programmes and subs equent ly 
imp lemented over the last  
1 5  years i n  low- co�t housing 
in s e ismic area s . Recom­
mendat ions inc lude con s t ruc­
t ion with mud , rammed eart h 
and qu incha ( bahareque ) ,  as 
we l l  as mud plas ters and 
paint ing . Many of these 
recommendations have been 
included in the Seismic 
Peruvian Code . 
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CONSTRUCCIONE S DE TI E RRA , EN E L  PE RU DE HOY 

Julio Vargas Neumann* y Juan Bariola Bernales 
Pon t i f ic ia Univers idad Catol i ca del Peru 
Departamento de Ingenieria 
Apartado 1 7 6 1 ,  L ima 
PE RU 

En los ult imos 25  afios , en el Peru s e  ha produc ido un abandono de 
atenc ion al i n t erior de l pais , espec i a lmen te en la S ierra , y un 
proceso de migracion escalonada del campo a la c iudad . 

Como resul t ado de este proces o ,  la velocidad de incremen to 
poblacional en las princ ipales c iudades de la Cos t a ,  es mucho ma­
yor que l a  de crear soluc iones hab i t a c iona les . El de f i c i t  anual 
es de 1 0 0 , 0 0 0  un idade s .  Tuguri z acion y asentamientos urbano­
marginale s , son notorios en dichas c iudades . Procesos de invas ion 
de terrenos privados , f i scales y publicos , han ido present andose 
en forma crecien te . 

Los precios de la con s t ruccion aument aron a un ritmo mucho 
mayor que el poder adqu i s i t ivo . La obra que con s t ruye el E s t ado , 
no puede ser adqu irida por la pob lacion . 

Sin embargo , la neces idad e ins eguridad de los sec t ores mar­
gina les , los conduce a cons tru ir con mucho es fuerzo , u t i l iz ando 
s i s temas informales de autoge s t ion y autoconstrucc ion . La puj an­
za de este sector 10 conv ierte en el cons truc tor de l 75 a 80% de 
la act ividad actua l .  

E s  obv io que frente a este panorama hay que des arro l lar dos 
act ividades fundamen t ales : apoyar los procesos informa les ex i s ­
tentes y di fundir soluciones d e  muy ba j o  cos t o .  

No es fac i l  regresar a soluc iones t radiciona les . Es necesa­
rio conocer l a  his toria , las tradic iones sociales , los problemas 
pob lacionales y sus prioridades , para luego d i sefiar la solucion 
ma s adecuada a cada comun idad . Sin lograr una verdadera mo t iva­
cion , e s  me j or no in terve nir apoyando e l  proceso . 

La con s t ruccion en t ierra , indudablemente de una tasa costol  
cal idad baj a ,  es una solucion en e l  Peru de hoy . 

se est ima que el cos to de una vivienda rus t ica de t ierra 
autocon s t ru ida e incluso autoge s t ionada , no sobrepas a  de 15 dola­
res por metro cuadrado y e l  de una de qu incha , 4 0  dolares . E l  
casco habi t able e n  albafii leria de l adri llo , cuesta e n  l a  misma 
region 8 0  dolares pur me tro cuadrado y una v iv ienda terminado de 
clase media , 2 0 0  dolares . 

En general ,  en ade lante nos referiremos a las cons t rucciones 
de adobe , s a lvo menc ion expresa . 

Las con s t rucciones de t ierra , como las de cualquier otro ma­
teria l , t ienen una serie de ventaj as y desven t a j as . En funcion 
de ellas y de las carac teris t icas ecologicas de cada zona , resul­
ta e l  mayor 0 menor uso de este t ipo de edificac iones . 

Entre las ven t a j as se puede enumerar las s iguientes : 

S impl i c idad de e j ecucion . 
Economia . 
Ais lamiento t ermico y acus t ico . 
Produccion s in cons umo de energia . 

Los mayores inconvenientes podrian ser : 

Durabi l idad ( erosion , humedec imiento , etc ) .  
Fragil idad frente a des a s t res naturales ( s i smos e inunda­
c ione s ) . 
Disminucion de las areas efec t ivas deb ido al grosor de los 
muros . 
Aceptabi l idad soc ia l .  

La tecnologia moderna h a  des arrol lado e n  las ult imas decadas , 
materiales nuevos , propios de paises indus trial i z ados . Mellos e s ­
fuerzo s e  h a  invert ido e n  la solucion 0 control d e  l a s  de f ic ien­
c ia s  de los ma teriales primi t ivos 0 naturales , mas propios de los 
paises de l Tercer Mundo . 

*Autor a quien debe ser dirigida la correspondenc i a . 
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Una revis ion del l i s tado de ven t a j as y desven t a j as presenta­
do , nos permi te concluir que las primeras son cada vez mas impor­
tantes en el mundo de hoy ; y las segundas son s uperables con e l  
aux i l io d e  nuevos conoc imien tos tecnicos y programas educat ivos de 
apoyo estat a l . 

Por estas razones , t a l  vez como consecuencia de alguna ley 
natural , se podria afirmar que las cons truc c iones de t ierra volve­
ran a imponerse en el fu turo . 

Para lograr la u t i l i z ac ion mas iva de la cons truccion con 
t ierra en una sociedad actual l a t i noamericana , en primer lugar , es 
necesario des arrol lar l a  informacion tecnica que permita compe t ir 
al material , con los existentes en el mercado actua l . 

E s t o  s ignifica el conoc imien t o  del material en s i  y t ambien 
desde e l  pun t o  de v i s t a  arquite cton ico y estructural en base a es­
tudio e inve s t igacion que permita des arro l lar normas , manuales de 
dis eno , textos , pan fletos de d i fus ion prac t ica , material d idac t ico 
a d i ferentes n iveles de formac ion e in formacion para la educacion 
con t inua de los espec i a l i s t a s . 

Des arrollado 10 anterior , al igual que o t ros ma teriales , la 
t ierra podra ser s e lecc ionada por comparac ion de resul t ados y 
cos tos , por fac i l idades de diseno , cons truc c ion y uso . 

Las areas mas rez agadas de es tudios , son s in dud a las asocia­
das a l  comportamien to s i smico y a la durab i l idad frente a la hume­
dad 0 al agua . 

Recomendac iones Tecnicas 

Las recomendac iones que se pres entan , son apl i c ables a las con s ­
truc c iones d e  t ierra e n  genera l ,  pero e s t a n  e spec ialmente orienta­
das a la vivienda popular , pre tendiendo me j orar la cal idad de l a  
con s t ruccion espon tanea , informal 0 mas iva que es la que mayores 
perdidas de vida y danos produce fren te a los eventos s ismicos . 

No inc luye por tanto las soluciones que usan estab i l i z antes 
( cemen t o , cal , a s f a lt o ,  et c . ) para me j orar la res is tencia 0 dura­
b i l idad , ni refuerzos u t i l i z ando materiales costosos ( concreto , 
acero , et c . ) para me j orar su comportamiento d inamico . 

Las recomendaciones son el re sultado de extensos programas de 
inve s t i gac ion real i z ados en los u l t imos 1 5 anos y fase fundamental 
para las etapas de D i fusion e Implementac ion ( ver notas 1 a 6 ) . 

a }  Suelos de Fundac ion : La fragil idad y poca res i s tencia s ismi­
ca de las cons truc c iones de adobe , obl iga a l imitar los posibles 
emplazamientos de las con s t rucciones a aque l las areas asoc iadas a 
subsue los firmes 0 re lat ivamente f irme s . 

b )  C imentac ion : Los c imien tos y sobrec imientos para los muros 
pod ran ser de piedra 0 ladrillo asentados por un buen aglomerante 
( cemento , cal , ye s o ,  et c ) . En v i s t a  del e levado costo del cemento 
u otros aglomeran tes , su usc debe ser min imo ( como mortero para 
adherir las un idades ) .  ( Ver gra f .  1 ) . 

E l  refuerzo vertical nace en el sobrec imien to , para fac i l itar 
la cons truc c ion del c imiento . 

c )  Otras Caracteri s t icas Apropiadas : Desde e l  pun to de v i s t a  
d e l  comportamiento s i smico , las con s t rucciones d e  t ierra s o n  pe l i ­
grosas , y a  que l o s  metodos trad ic ionales n o  t ienen s iempre en 
cuen t a  que el ma terial es pesado , poco re s i stente y fragi l .  

La tecnologia moderna debe tender prec i samente a a l igerarlas , 
concederles re s is t encia y duc t i l idad . 

Los techos y t impanos deben ser muy l i geros , a s i  como la al­
tura de las paredes debe ser min ima . 

En la con s t ruccion de los muros de adobe , no debe usarse 
suelos sin s u f ic iente arc i lla ( ver prueba de re s i s tencia seca ) . 
Debe anadirse arena gruesa 0 pa j a  para controlar 0 evitar f isura­
ciones , espec ialmente en el mortero de j unta ( ver nota 7 ) .  

Por razones s ismicas , t odas las cons trucciones de t ierra de­
ben tener refuerzos de material de alta re s i s tencia a la tracc ion 
y compat ib le s  con e l  ma terial ( madera 0 cana ) .  

d )  Refuerzos : E l  refuerzo mas e fect ivo para los muros es e l  de 
cana 0 madera , cons t i tuyendo ma llas amarradas en los nudos y colo­
cadas a l  interior de los muros en una 0 dos capas vert icales se gun 
el espesor de los mi smos ( Ver gra f . 2 a , 2 b ,  2 c ) . 
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E n  las con s t rucciones de bahareque 0 quincha cons t it uyendo 
marcos de mayor secc ion , rellenas con mallas s ecundarias de menor 
secc ion ( Ver gra f .  3 a ,  3b ) .  

En t odos los cas os las ma llas y marcos deberan estar f irme­
mente conec tados a la c imen tac ion y a la viga collar superior que 
se de scr ibe mas ade lant e .  

E n  los nudos y encuentros , las maderas 0 canas s e  unen ama­
rradas con h i lo de pescar ( nylon ) 0 sust itutos de exis tencia local 
( cueros , sogu i l las , e t c ) .  

Conviene colocar una capa de refuerzo horizontal a la altura 
de los dinteles de puertas y ventanas ( ba j o  los dinteles ) .  Los 
dinteles deben tener t odos e l  mismo n ivel y s u f ic iente longi tud de 
apoyo ' a  cada l ade de los vanos . 

Los refuerzos horizontales que se encuent ran en las esquinas , 
deben t renzarse y amarrarse e f icien temente entre s i .  

Todos los muros deben l levar una viga collar cont inua en la 
parte s uperior de los mismos . 

Una buena solucion es la mos trada en e l  gra f .  4 . ( ver al f i na l) 

La viga collar superior e s tara un ida a la c imen tac ion a tra­
ves del refuerzo vert ica l , tal como se vio en e l  gra f .  2 ,  para 
garan t i z ar e l  t raba j o  integra l de los muros . 

Los dinteles de los vanes tamb ien deben ir f i j ados a la viga 
cadena superior , para imped ir una v ibracion desordenada . Para 
e l la se puede usar unas cuantas t ab l i t a s  de madera ( Ver gra f .  4 ) .  

Notese que en los encuentros de esquina 0 en T ,  los refuerzos 
cubren los contra fuert es 0 proyecc ion de las parede s . E s t a  dispo­
s icion fac i l i t a  l a  interconex ion de las paredes y de la viga cade ­
na y me j ora e l  comportamiento g lob a l . 

e )  Techos : Los techos t ienen dos partes principales : la e s t ruc­
tura y la cobertura . 

E l  con j unto debe ser l igero y estar bien conect ado entre s i  y 
a los muros . 

La 
muros 0 
carga . 
y s i  e s  

e s t ructura de scansara s obre la v i g a  col lar colocada en l o s  
en e lementos longitudinales d e  madera , para dis tribuir la 
Se evit ara apoyar las vigas sobre la z ona de los dinteles 
inev i table se reforz ara adecuadamente dichos dintele s . 

La e s t ructura no debe generar empuj es laterales sobre los mu­
ros y debe garan t i z arse su propia e s t ab i l idad latera l . 

La cobertura garan t i z ara la impermeabilidad del techo . S i  se 
usa a lgun t ipo de paj a ,  se recomienda colocar en lucidos de barro 
mez c l ado con a l gun impermeab i l iz ante 0 e s t ab i l iz an t e .  

f )  Muros d e  Adobe 0 B loque s : Tan t o  e n  e l  bloque cort ado como en 
el moldeado , los b loques mas res i s tentes corresponden a los sue los 
plast icos 0 arc i llosos . Sin embargo , la res i s tencia de l b loque 
j uega un papel secundario en la res i s t encia de la mamposteria , en 
la cual son crit icas las j untas entre b loques . 

Para garan t i z ar la adhe s ion entre b loque s y mortero , debe 
evitarse la micro f i suracion de e s t e . Las condic iones de secado 
del mortero son muy severas por l a  veloc idad del proce so a l  poner­
se e s t e  en contacto con los b loques avidos de humedad y por la 
res t ricc ion a l a  cont racc ion de s ecado . E s t o  produce la micro f i ­
suracion menc ionada y l� deb i l idad d e  la mampos teria . E s t e  cono­
c imien t o  no e s  t radic iona l y debe ser cu idadosamente di fundido 
( ver nota 7 ) . 

S i  el barre de la j unt a ,  que normalmente es e l  mismo u t i li z a ­
d o  en e l  b loque , t iene s u f ic iente arc i l l a  d e  acuerdo a l a  prueba 
de res i s tencia seca , entonces debe obs ervarse s i  t iene problemas 
de f i surac ion . S i  los t iene debe anadirse al mortero pre ferente­
men te paj a ,  en l a  mayor cant idad pos ible s iempre que permita una 
t raba j ab i l idad aceptable ( cerca de 1 : 1  en volumen ) .  Tamb ien s e  
puede a l t ernat ivamen t e ,  anadir arena gruesa . La proporcion ade­
cuada v iene dada por la prueba de control de f isurac ion . 

En suelos arc il losos conviene remoj ar los adobe s  unos minu­
tos , antes de asent arlos y moj ar la capa ant erior de b loques antes 
de colocar el mortero de j unta . En suelos arenosos no conviene e l  
remoj ado .  Solo conviene moj ar l a  capa anterior d e  b loques . 
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Debe llenarse cuidadosamente las j untas vert icales de l mor-
tero . 

Los b loques u t i l i z ados deben estar bien secas para evitar fu­
turas retracc ione s .  

Las dimens iones de los b loque s no son muy import antes para la 
res i stencia , n i  t ampoco e l  apare j o  0 dispos ici6n de los b loques 
entre s i .  

g )  Muros de Tapia l : 
s is t encia act ivando l a  
d e  t a p i a l  1 0  hacen por 
j e s  de humedad . 

Las cons t rucc iones de adobe adquieren re­
arcilla del suelo por humedecimiento , las 
compactaci6n , u t i l i z ando menores porcenta-

Exist iendo arcilla , la mayor res is tencia se obtiene con mayor 
humedec imiento y compac tac ion . Hay s in embargo , por un l ado , l i ­
mitac iones pract icas para l imitar e l  humedec imiento : la fac t ib i l i ­
dad de poder golpear y compac t ar e l  suelo y la exces iva deformabi ­
l idad a l  desenco frar ; p o r  o t r o  l ado , e x i s t e  e l  problema de la f i ­
suraci6n . 

Para controlar la f i s urac i6n se ex ige e l  uso de bajos porcen­
tajes de humedad ( de l  orden de los opt imos en l a  prueba de Proctor 
o menore s ) y el control de l a  cant idad de arc i l la anadiendo a los 
sue los arena gruesa . Si l a  cant idad de arena gruesa e s  exces iva , 
se di sminuye la res i s t encia peligrosamente . Se recomienda hacer 
pruebas de muros con d i s t intos porcent a j e s  crec ientes de arena , 
has t a  que se controle tolerablemente la f isurac ion . 

La compac tac ion 0 numero de golpes del muro , es funcion del 
peso y forma de la herramienta . A mayor compactac i6n , mayores re­
s is tencias . Pero l lega un momento que la e f ic iencia no progresa . 
Se recomienda una compactacion norma l , que no produzca que peda zos 
de barre s e  queden adher idos a l  enco frado cuando este s e  ret ira . 
Se recomienda 5 0  golpes cada 1 0 0 0  cm2 con un maz o  de 8 a 1 0  kgs de 
pe s o .  La a l tura recomendable para los b loques varia entre 5 0  y 8 0  
cms , pero es muy importante que l a s  capas d e  compactado n o  sean 
mayores de 10 cms . 

La me j or forma de garan t i z a r  el monol i t i smo en las paredes de 
tapial , es echar pa j a  y bastante agua en las sub j untas de compac ­
tado ( cada 1 0  cms ) .  

As imismo , entre bloques 0 me j or dicho entre capa y capa de 
tapial ( cada 50 a 80 cms ) , es necesario echar bastante agua antes 
de colocar e l  material superior y compactarlo . 

La colocac i6n de piedras , grava 0 paj a entre capa y capa de 
tapia l , no es necesaria , n i  ut i l . 

La ut i l i z ac ion de pa j a  en la me z c l a  de barre en cant idades 
exces ivas ( mayores de 1 : 1 / 4  en volumen ) es cont raproducente pues 
disminuye la res i s tenc ia . 

h )  Con s t rucc iones de T ierra con E s t ruc turas de Madera 0 Cana 
( Qu incha ) :  El comportamiento s ismico de este t ipo de con s ­

t rucc iones puede l legar a s e r  muy bueno , s i  e s  que s e  obs ervan 
cinco puntos fundamentales : 

Buenas conexiones entre los e lemen tos de madera 0 cana , de 
forma de gara n t i z ar un comport amiento integra l . Las conexiones 
normalmente son hechas con c lavos . E l  numero y dimension seran 
s u f ic ientes pero no exces ivos como para raj ar los e lementos . Tam­
bien pueden concebirse uniones amarradas con cueros , sogui l las , 
etc . 

Rigidez la teral en base a a l gunos e lementos oblicuos de 
arrios t re en e l  p lano de l a  estructura , de manera de disminuir la 
deformab i l idad y por tanto l a  f isurac ion del material de re l leno 
de l a  e s t ructura ( norma lmente barro ) .  

Preservac ion de los e lemen tos de madera y cana , e spec ialmente 
en la parte embut ida en la c imentac i6n , que debe ser de concreto , 
piedra 0 l adri llo , estes u l t imos asentados con morteros de cemen­
to , cal 0 yes o .  

Adic iona lmente e s  recomendable que e l  mat erial d e  re l leno 
con s i s t a  en mallas de madera 0 cana de menor secc i6n , sobre las 
cuales se coloca una capa de barre con pa j a  ( 1 : 1  en volumen ) por 
cada cara , a manera de re lleno y e n lucida . Muchas veces esta ma­
lla e s  tej ida entre s i ,  e incluso a l rededor de la estructura prin­
cipa l . 



Tan to en las v iv iendas cons t ru idas como s istema cont inuo , co­
mo en las de pane les pre fabricados , debe colocarse una so lera 0 
viga cont inua superior que t iene doble mis ion : 

Garant i z a r  un traba j o  integra l de todas las paredes ; y  
D i s tribuir adecuadamente las cargas del t echo . 

Solo despues de f i j ar e s t a  v i ga cadena s uperior y e l  techo 
( cuando se ha terminado de clavar ) ,  debera ser co loc ado el relleno 
de barro , para evitar que este s e  desprenda 0 f isure con los gol ­
pes propios d e l  clavado d e  l o s  eleme ntos . 

En e l  caso de pane les pre fabricados , los marcos de los pane ­
les pueden l legar a tener secciones muy reduc idas y economicas 
( 1 " x 3 "  0 1 "  x 2 " ) .  La conexion entre paneles s e  e fect6a con 
c lavos , pero las maderas 0 canas tej idas para rec ibir el rel leno 
de barr� , puede no ser clavada . 

i )  En luc idos y P inturas : La final idad de los enluc idos y pintu­
ras es brindar protecc ion y durab i l idad a los muros , ademas de las 
razones estet icas . 

Los en lucidos en base a ad i t ivos naturales , pueden estar con ­
formados por dos capas . La pr imera de alrededor de 1 cm, con for­
mada por una me zcla de barre con pa j a  ( 1 : 1  en volumen ) y un adit i ­
v o  natural que aumente la res i s t enc ia h6meda d e l  barre para impe­
dir su f isuracion durante el proc eso de secado , que es paralelo a 
la adqu i s i c ion de res is t enc ia sec a .  E l  ad i t ivo natural ayuda a 
res i s t ir las tensiones de retraccion de secado re stringido . La 
segunda y fina l , es compuesta por barre de ma terial f ino que cuan­
do esta cas i seco , debe ser frotada energicamen te con pequenas 
p iedras redondeadas y lisas de la mayor dure z a  pos ible . 

Se recomienda como adit ivo na tural el uso de j uga de cactus 
me z c lado con agua ( 6 0 kgs de cactus para 40 l i t ros de agua ) para 
me z c lar con la t ierra de la primera capa , has t a  obtener una traba­
j ab i l idad razonable . 

Existe otros adit ivos naturales de accion seme j ant e , tales 
como la re s ina de algarrobo , 0 el agua del hervido del arbol de 
banana , etc . 

Aunque no s iempre se puede d i sponer de b i tumen y tampoco es 
economico , es pos ible u t i l i z ar en luc idos preparados en base a este 
materia l .  

Las p inturas deben pre ferentemente ser insolubles en a gua pa­
ra proteger a los muros de las l luvias . 

Se u t i l i z a  lechadas de cal , de cemen to , de yeso , aceites y 
tambien extractos de plantas . 

Genera lmente , las p inturas modernas de origen quimico 0 s in ­
tet ico , t ienden a formar barreras contra la humedad pero solo 
proporc ionan prot ecc ion t emporal , pues s e  desprenden . 

Conclus iones 

La s i tuac ion socio- economica de c iertos paises latinoamerica­
nos es tal , que requiere soluciones de vivienda de muy baj o cos t o , 
como la de construcc ion con t ierra ( adobe , tapia l , quincha , et c ) .  

E l  proc eso de des arro llo de programas de con s t rucciones con 
t ierra , exige previamente es tudio , inve s t i gacion , d i fus ion del co­
noc imiento , e laborac ion de normas , discus ion tecnica int ernacio­
nal , et c . , para que e l  material pueda compe tir tecnicamente con 
materiales mas re s i s t entes y costosos . 

E l  es fuerzo rea l i z ado en inve s t i gac ion en el Per6 , Gua temala , 
Mexico , et c . , debe ser tontinuado y complement ado con las fases 
de discus ion y d ivulgac ion , de manera de lograr que e l  material 
sea acept ado por la comun idad profes ional internac ional primero y 
por los gob iernos y usuarios despue s .  

ANEXO 

Prueba de Res istencia Seca 

Se f abric an tres 0 mas bolitas pequenas de s uelo de aproximadamen­
te 2 cm de d i amet ro . Una vez secas ( a  las 24 horas ) se aplas t a  
cada bolita entre l o s  dedos pul gar e indice . S i  las bolitas son 
tan fuertes que n inguna se puede romper , el suelo t iene suf i c iente 
arc i lla para ser usado en la cons t ruccion con adobe , s iempre y 
cuando se controle la micro f isurac ion del mortero debida al seca-



Conservation and Restoration 193 

do . s i  algunas bolitas se rompen , e l  suelo es inadecuado , ya que 
le falta arc i lla y deb era descartars e .  

Prueba d e  Control d e  Fisuraci6n 

Se fabrica por 1 0  menos ocho emparedados ,  con morteros hechos con 
me zclas en proporciones gradualmente decrec ientes de suelo y arena 
grues a .  Se recomienda que las proporc iones suelo/ arena gruesa , 
varien entre 1 : 0  y 1 : 3  en volumen . E l  emparedado con el menor 
conten ido de arena grue s a  que , al abrirse a las 4 8  horas , ya no 
mue s tre fisuras vis ibles en e l  mortero , ind icara la proporci6n 
suelo/ arena mas adecuada para la cons t rucci6n con adobe , de mayor 
res istencia . 
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ABSTRACT 

Arch i tectur e o f t e n  c om­
pr i s e s  one o f  the mos t  con­
s p i cuous f ea t u r e s  on ar­
chae o l o g i ca l  s i t e s . How­
e ve r ,  archae o l og i s t s  have 
g e n e r a l l y  not pa id the same 
att ent i on t o  a r c h i t e c t u r e  as 
t o  o t h e r  human ar t i facts . 

Us i ng data f r om t h e  
Tr u j i l l o  H o u s e  ( LA 5 9 6 5 8 ) ,  a 
1 9 th century H i s pan i c  
homes t ead near Ab i q u i u  i n  
t h e  R i o  Chama Va l l ey,  the 
O f f i c e  o f  Ar chae o l og i c a l  
S t ud i es o f  the Mus e um o f  New 
Mex i co is e xpl or i ng the u t i ­
l i ty and p o t e n t i a l  o f  adobe 
analyses in ar chae o l og i c a l  
r e s earch . Ana lyses o f  adobe 
bu i ld i ng ma t e r i a l s  f r om the 
s i t e  show that t h e  adobe was 
made o n - s  i te us i ng ·local 
mat e r  i a l s . The v e r y  s andy 
s o i l  was mad e s and i e r  by the 
add i  t i on of coar s e  s and t o  
the ad o b e ,  p r od uc i ng adobe 
that was weak er than the 
nat ive s o i l .  Compar i s on o f  
mat e r i a l f r om a pos t - 1 8 8 0  
b o r r o w  p i t  w i t h  adobe f r om 
the s tr uc t u r e  shows s i g ­
n i f i ca nt d i f f er ences w i t h  
ad obe f r om r ooms pr obab l y  
p r e -dat i ng the p i t ,  thus 
c l ar i fy i ng the cons t r uc t i on 
s equence o f  the house . 

Ana l ys e s  o f  adobe f r om the 
Tr u j  i l l o  House show p o t e n ­
t i a l  f o r  pr ov i d i ng i n ­
f o rmat i on on c hang i ng f r o n­
t i er s e tt l emen t ,  s i t e f o r ­
ma t i on p r o c e s s e s , and the 
u s e  o f  l oc a l  and r e g i on a l  
cons t r uct i on mat e r i a l s . 

KEYWORD S  

H i span i c  arch i te c t ur e ,  ar ­
chaeol ogy, ad obe , par t i c l e  
s i ze ,  p l as t i c i ty,  s o l u b l e  
s a l t s . 
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Because ar c h i t ectur e o f t en compr i s es t h e  mos t  cons p i cuous f eatur e 
o f  an archae o l o g i ca l  s i t e ,  archae o l og i s t s  have been f or c ed to s t udy 
ar c h i  t ec t ur e as they wou l d  any other human art i f act . However , 
wh i l e archa e o l o g i s ts have d ev e l oped a w i d e  var i ety o f  t echn i ques 
to s tudy ar t i facts such as c erami c sherds , s t o n e  t oo l s ,  and g l ass 
or me t a l  i te ms ,  we have typ i c a l l y  not s t ud i ed a r c h i t e c t u r e  as a 
human ar t i fact . 

The O f f i c e  o f  Archaeo l o g i c a l  S t ud i es o f  the Museum o f  New Mex i c o  
i s  i nc o r po r a t i ng ana lys e s  o f  adobe bu i ld i ng mat e r i a ls i nto 
ar chae o l o g i c a l  data r ecovery p r o j ects i n  n o r t h - c e nt r a l  New Mex i c o . 
The r es earch d e s ign f o r  the Ab i q u i u  P r o j ect ( MNM P r o j ect 4 1 . 4 0 5 )  
i nvolves i nves t i gat i ng the d ev e l opment o f  H i s pan i c  and Puebl oan 
s oc i oc u l t u r a l  f r ont i er s . Us i ng data f r om t h i s  and other pro j ects , 
the O f f i c e  o f  Archaeo l o g i ca l  S t ud i es i s  exp l o r i ng the potent i a l  o f  
adobe ana lys e s  f o r  i l l umi nat i ng patterns o f  l o c a l  and r eg i onal 
mat e r i a l  use,  s e t t l ement , s i t e  f o r mat i on proces s e s ,  and f o r  t e s t i ng 
o r a l  t r ad i t i on . 

The Trujillo House (LA 59658) 

I n  1 9 8 8 ,  the O f f i c e  of Archae o l og i ca l  S t ud i e s  c onducted ar ­
chae o l o g i c a l  data r ecovery i nves t i g a t i ons at f our s i t e s  i n  the R i o  
Chama Va l l ey i mmed i at e ly east o f  the v i l l age o f  Ab i qu i u  ( F i g . 1 ) .  
The s i t e s  we r e  r ec o r d ed dur i ng an archae o l o g i ca l  i nvent o r y  s urvey 
of U . S .  H i ghway 84 pr i or t o  p l anned r econstr uct i on act i v i t i es . ( l )  

One o f  t h e s e  s i t e s  was d e scr i bed as " a  d e n s e  r e f us e  d epos i t  
measur i ng r ou g h l y  2 3  by 1 0  m . . .  A l t hough n o  s t r uc t u r e s  wer e  
obs e r ved , not i c e ab l e  vegetat i on changes s ug g e s t  ar eas o f  occupa­
t i on .  The dense trash depos i t  is characte r i s t i c  of dome s t i c  
r e f us e ,  s ugges t i ng a h i s t o r i c  r e s i dent i a l  occupat i on . " ( 2 )  Data 
r ecovery at t h i s  s i t e  i nc l uded arch i v a l  and ethnoh i s tor i ca l  
r e s earch as we l l  as extens i ve archaeo l o g i ca l  e xcavat i ons . 

Ar c h i v a l  r e s earch r ev e a l e d  that the s i t e  was l ocated on lands 
once b e l ong i ng t o  the fami ly o f  Jose d e  Ur i ba r r i ,  a geni zaro who 
s e tt l ed in Santa Tomas de Ab i qu i u  i n  1 7 5 4 . Alt hough the f ami l y  
h i s t ory i s  s omewhat c l oudy d u e  to t h e  nat u r e  o f  t h e  church 
bapt i s ma l  and mar r i age r ec o rd s ,  it appea r s  that Ur i bar r i ' s g r e a t ­
gr anddaughter , J uana Mar i a  J a r ami l l o ,  mar r i ed o n e  J u a n  Est eban 
T r u j i l l o . The year of the i r  mar r i age is not c l ear , but the i r  f i r s t  
ch i ld was b o r n  i n  1 8 3 8 . T h e  l and was s o l d  i n  1 8 7 2  and aga i n  i n  
1 8 8 4 ,  but Tr u j i l l o  cont i nued t o  ma i nt a i n  h i s  r e s i d ence the r e .  An 
1 8 9 4  map o f  the Ab i qu i u  ar ea s hows the " house and l and o f  Juan 
T r u j i l l o "  at the l ocat i o n  o f  the ar chae o l o g i c a l  s i t e .  The house 
was appa r e n t ly abandoned s oon t h e r e a f t e r . ( 3 )  

Excavat i ons at t h e  s i t e  c on f i r med the ar chae o l og i c a l  s urvey and 
arch i va l  i n f o r mat i on by r evea l i ng the r ema i ns of an e i ght r o om, C­
s haped adobe s t r uc t u r e  and a d e e p  t r a s h - f i l l ed p i t  ( F i g . 2 ) . The 
house mea s u r ed 3 4 . 5  m l ong by 1 0 . 5  m wide and f aced n o r t hwe s t . The 
wa l l  r emnants we r e  no t a l l e r  than 5 0  cm in the c e n t e r  of the h o u s e  
a n d  we r e  mi s s i ng at t h e  n o r t h  e n d s  o f  Rooms 1 a n d  7 ,  d u e  both t o  
h i ghway c o n s t r u c t i o n and t o  the s ubsequent bur i a l  o f  a t e l ephone 
l i ne a l ong the r i ght - o f -way f ence . 

The Tr u j i l l o  House was cons t r uc t ed o f  adobe br i c k s . I n  some 
por t i ons o f  the s t r uctur e ,  t h e  br i c k s  c o u l d  be d e f i ned a l ong the 
top and s i d e s  of  the wa l l  r emnants . Howeve r ,  natur a l  d e t e r i or a ­
t i on o f  the adobe me ant t h a t  i nd i v i d u a l  br i c k s  c o u l d  not a l ways b e  
d e f i ned . T h e  wa l l s  wer e  p l as t e r ed w i t h  one or mor e  laye r s  o f  adobe 
p l a s t e r  and wer e  then cove r ed w i t h  very t h i n  layers of gypsum 
wh i t ewash known l oc a l l y  as jaspe . Jaspe is not a Span i s h  word and 
may have been b o r r owed f r om J i c ar i l l a Apaches who f r equented the 
area in the 1 8 th and 1 9 t h c e ntur i es . 

The mos t  c ommon f ea t u r e s  i n  r o oms wer e  f i r ep l a c e s ,  wh i c h  wer e  
typ i c a l  H i s pan i c  c o r ner f i r e p l aces except that o n l y  two f i r e p l aces 
wer e  actua l ly bu i l t in r oom c o r n er s . The o t h e r  f i r ep l aces wer e  
bu i l t  i n  a r t i f i c i a l  c o r n e r s  f o r med by s h o r t  w i ng wa l l s . I n  each 
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Figure 1 .  Locat i o n  o f  t h e  
T r u j i l l o  H o u s e  ( LA 5 9 6 5 8 ) .  
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cas e ,  the w i ng wa l ls cr eated a bar r i e r  between the f i r ep l ac e  and 
t h e  d o o r  l e ad i ng i nto the r oom, pr obably pr o t e c t i ng the f i r ep l aces 
f r om d r a f t s  and s o  i ncr eas i ng t h e i r  e f f i c i ency . 

Bes i d e s  d o o r s ,  o n l y  two o t h e r  f ea t u r e s  wer e  r ec o r d ed i n  the 
h o u s e . A d i s mant l ed banco ( bench ) was f ound in t h e  northeast 
c o r n e r  of  Room 1 and an und e f i ned f eatur e was f o u nd in Room 7 .  

The t r as h - f i l l ed p i t  was l oc a t ed about 6 . 5  m n o r t h  o f  the 
s t r uc t u r e  and was i d ent i f i ed d u r i ng s urvey as a d ense s c a t t e r  o f  
s u r f ace ar t i f ac t s . Excavat i on r evea l ed a p i t  1 . 6  m d e e p  and 5 . 4  
m i n  d i ame t e r  that had been dug i n t o  s t e r i l e ,  nat u r a l  s o i l .  

Ad obe Bu i ld i ng Mat e r i a ls at t h e  Tr uj i l l o  H o u s e  

A .  S ampl e s  a n d  Ana lyt i c a l  Methods 

F i ve adobe br i c k  sampl es and s i x  adobe p l a s t e r  samp l e s  wer e  
c o l l ec t ed f r om the T r u j i l l o  House ( F i g . 2 ) . I n  add i t i on ,  two 
samp l es wer e  c o l l e c t ed f r om the midden p i t ,  i nt e nded to p r o v i d e  
cont r o l  data f o r  the ana lys e s . One samp l e  was c o l l ec t ed f r om the 
south s i d e  o f  t h e  p i t  about . 5  m b e l ow p r e s ent gr ound s ur f ac e . The 
s ec ond samp l e  was c o l l ected f r om the b o t t om of the p i t . 

Of the 1 3  samp l e s ,  1 1  wer e  s e l ec t ed f o r  ana lys e s . T h e s e  i nc l uded 
both s amp l es f r om t h e  midden p i t ,  the f i ve br i c k  samp l e s ,  and f our 
p l a s t e r  s amp l e s . Tab l e  I l i s t s  the prove n i ences and types of t h e s e  
1 1  samp l es . 

The l i q u i d  and p l as t i c  l i m i t s  o f  each samp l e  wer e  d et ermi ned 
u s i ng methods o u t l i ned by Teut o n i c o . ( 4 )  Par t i c l e  s i z e ana l ys e s  of 
s even samp l es wer e  conducted us i ng a s i eve s t ack r ang i ng f r om 2 mm 
to . 0 7 5  mm and the s ed i mentat i on -hyd r ome t e r  method f o r  par t i c l es 
s ma l l e r  than . 0 7 5  mm . ( 5 )  F i na l ly ,  Teut o n i c o ' s  qual i ta t i ve methods 
we r e  u s ed t o  test for wat e r  s o l ub l e  s a l t s in s even samp l e s . ( 6 )  

B .  Analytical R e s u l t s  

1 .  Particle Size The perc entages o f  coar s e  and f i ne sands , s i l t ,  
and c l ay i n  the contr o l  samp l e ,  t h r e e  br i ck samp l es , and t h r e e  
p l a s t e r  samp l e s  a r e  p r e s e n t ed i n  Tab l e  I I .  F i ne s and cons t i t u t e s  
the pr i mary i n g r e d i ent i n  e a c h  samp l e ,  r ang i ng f r om 5 4  t o  7 5  
percent . Coa r s e  sand i s  the mos t  d i v e r s e  i ng r ed i e n t ,  rang i n g  f r om 
1 t o  2 4  p e r c e n t . S i l t ranges f r om 1 2  t o  2 4  percent , wh i l e c l ay i s  
p r e s ent i n  amounts rang i ng f r om 0 t o  1 2  percent . 

The cont r o l  samp l e  f r om t h e  midden p i t  cont a i ns a very l ow 
percentage o f  c o a r s e  sand, a h i gh percentage o f  f i ne sand , a 
mod e r a t e  perc entage o f  s i l t ,  and t h e  h i gh e s t  perc entage o f  c l ay .  
The mos t  s i mi lar adobe samp l e  i s  f r om the h e a r t h  f l oor i n  Room 3 ,  
wh i ch i s  a l s o  l ow i n  c o a r s e  s and and h i g h  i n  f i ne s and but i s  much 
l ower in c l ay . The o t h e r  samp l e s  cont a i n  between 3 . 3  and 6 . 7  t i mes 
as much coar s e  s and as the cont r o l  sampl e ,  wh i l e t he i r  r e l a t ive 
c l ay content s  a r e  27  to 6 0  p e r c e n t  l e s s . The br i c k  and p l a s t e r  
samp l es f r om Room 2 have t h e  h i ghest c l ay content s . S ampl e  4 f r om 
Room 4 i s  abe r r ant because no d i s p er s i ng agent was u s ed i n  
proce s s i ng t h e  samp l e .  P r obab ly f o r  that r eas o n ,  t h e  perc entage 
of coarse s and is much h i gher than i n  the other samp l e s  and no c l ay 
was r ecorded . 

I n  order to comp a r e  the Tr u j i l l o  House samp l es w i t h  mod e r n  
cons t r uc t i on s t andar d s ,  the per centages o f  coar s e  and f i ne s ands 
and of s i l t s  and c l ays we r e  comb i ned . Th i s  data is pr e s en t ed i n  
F i g u r e  3 ,  wh ich shows the perc entages o f  sands and s i l t/ c l ays i n  
compar i s o n  t o  s tandards s e t  b y  t h e  U . S . D . C .  Nat i o n a l  Bur eau o f  
S tandards ( 7 )  and S e c t i on 2 4 0 5  o f  t h e  Un i f orm Bu i ld i n g  Cod e . ( 8 )  
The midden contr o l  samp l e  ( s amp l e  1 )  f a l l s  near the b o t t om o f  the 
NBS s tandards f o r  s and out near the midd l e  of  the range f o r  s i l t / ­
c l ay .  The adobe samp l e s  f a l l  b e l o w  t h e  mi dpo i nt o f  t h e  s t andards 
for both s and and s i l t/ c l ay, i nd i ca t i ng that the adobe samp l e s  have 
s l i ght l y  l e s s  c l ay than r ec ommend ed , i mp o r t ant s i nc e  c l ay acts as 
a b i nd e r  in adobe . 

A d i f f er ent p i ct u r e  i s  obt a i ned , however , when the samp l es a r e  
c ompa r ed t o  the Un i f orm Bu i ld i ng Code s tandards . The percentages 
of s and ar e at o r  above the midpo i nt o f  t h e  r ange f or sand wh i l e 
the percentages o f  s i l t/ c l ay a r e  we l l  b e l o w  t h e  midpo i nt o f  the 
r ange f o r  s i l t / c l a y .  Th i s  sugge s t s  that the adobe samp l es cont a i n  
mo r e  sand and l e s s  c l ay than r ecomme nded s tandards ; s i nc e  c l a y  i s  
t h e  b i nd e r ,  t h e s e  sandy adobes wou l d  b e  r e l at i v e l y  wea k , p e r haps 
wea k e r  than the natur a l  s o i l .  

2 .  P l ast i c i ty L i qu i d  and p l as t i c  l i m i t s  wer e  c a l c u l at ed f or a l l  
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1 1  samp l e s . The r es u l t s  of t h e s e  t e s t s  are p r e s ented in Tab l e  I I .  
F i g u r e  4 g r a ph i c a l ly shows the r e l at i ons h i p  betwe e n  the l i qu id and 
p l a s t i c  l i m i t s  f o r  each samp l e .  I t  is i mportant to n o t e  that o n l y  
the contr o l  samp l e  a n d  two p l a s t e r  samp l e s  have pos i t ive i nd i ce s . 
Al l o t h e r  i nd i ces a r e  negat i ve . However ,  even t h e  pos i t i ve i nd i c e s  
a r e  q u i t e  l ow, i nd i cat i ng t h a t  the s o l I ,  b o t h  natur a l  and as adobe , 
i s  e s s ent i a l ly n o n - p l as t i c . Th i s  i s  probably d u e  t o  the r e l a t i v e l y  
h i gh sand and low c l ay conten ts . 

I nt e r es t i ng l y ,  the midden f l o o r  samp l e  r es emb l es the adobe 
samp l e s  much mo r e  c l o s e l y  than it does the cont r o l  samp l e .  I n  
f act , t h e  p l as t i c i ty o f  the m i dd e n  f l o o r  samp l e  i s  a l most i d e nt i ­
c a l  t o  that o f  the wa l l  d i v i d ing Room 4 i n to Ro oms 4 and 8 and i s  
q u i t e  s i mi l ar t o  t h e  samp l es f r om Room 2 and f r om t h e  h e a r t h  i n  
Room 3 .  Al though t h i s  samp l e  was c o l l e c t ed a s  a cont r o l ,  i t  
appears that i t  may actua l ly be adobe r at h e r  than nat u r a l  s o i l . 
Th i s  c o u l d  not be c on f i r med by par t i c l e  s i z e ana lys i s  as t i me d i d 
not p e r mi t add i t i onal t e s t s . 

As noted abov e ,  the p l a s t e r  samp l es f r om Ro oms 5 and 7 a r e  the 
only adobe samp l es w i t h  pos i t i ve i nd i ces . The br i c k  samp l e s  f r om 
these two r ooms , a l though pos s es s i ng negat i ve i nd i ces , have the 
h i gh e s t  i nd i ces of t h e  r ema i n i ng adobe s amp l e s . These facts s e t  
Rooms 5 a n d  7 i n  a c l us t e r  o f  i nd i ces we l l  b e l o w  t h a t  o f  the 
cont r o l  samp l e  but above t h e  other adobe . 

The samp l e  f r om Room 4 i s  s i ng u l a r  in i t s very low i nd e x . Th i s  
samp l e  a l s o  had the mos t  d i ver s e  l i q u i d  l i m i t  t e s t  f i gur e s ,  per haps 
po i nt i ng t o  ma t e r i a l  d i ver s i ty w i t h i n  the samp l e . 

3 .  S o l u b l e  S a l t s  The r es u l t s  o f  the qua l i ta t ive t e s t s  f o r  s o l ub l e  
s a l t s  i n  s even samp l e s a r e  p r e s e nted i n  Tab l e  I I .  Tests f o r  the 
p r e s ence o f  n i t r at e s  c o u l d  not be car r i ed out because the lab 
l a c k ed the necessary ac i d s  and r eagents . However ,  i t  may be 
p r e s umed that n i t r a t es a r e  present whe r e  n i t r i t es a r e  f o und . The 
data show that the midden f l o o r  samp l e  cont a i ned the w i d e s t  range 
of s a l t s ,  i nc l ud i ng s u l fat e s ,  c h l o r i d e s , n i t r i t es , and carbonates . 
Only carbonat e s  wer e  s tr ongly p r e s ent and the i d e nt i f icat i o n o f  
s u l f at e s  was t entat i ve . 

Two samp l es a r e  s i mi lar to t h e  midden f l o o r  samp l e  i n  the 
p r e s ence o f  s a l t s - samp l e  2 f r om Room 2 and samp l e  3 f r om the hearth 
in Room 3 .  Samp l e  6 f r om Room 7 may a l s o  be s i mi l ar but the 
p r e s ence of c h l o r i d e s  cou ld not be pos i t i v e l y  i d e n t i f i ed .  The 
r ema i n i ng samp l es are s i mi l ar t o  each other but not t o  the midden 
f l o o r  samp l e . 

I n  gener a l ,  s o l ub l e  s a l t s  ar e not s t r o n g l y  p r e s e n t  i n  any o f  the 
s amp l e s . T h i s  may have to do w i t h  the h i gh sand content o f  the 
s o i l  and ad obe , wh ich wo uld f ac i l i tate d r a i n i ng wa t e r  away f r om 
the adobe wa l l s  r ather than h o ld i ng i t  i n  the wa l l s  whe r e  s a l t s  
wo u l d  be d e pos i ted . 

4 .  P l a s t e r  Laye r s  I n  add i t i on t o  the mat e r i al s  analys e s ,  the s i x  
p l a s t e r  samp l es wer e  v i s u a l l y  i nspected t o  d et e r m i n e  the number and 
th i c k n e s s  of p l a s t e r  laye r s  and number of l ayer s  of jaspe . Two 
samp l es show o n l y  one p l a s t e r  l ayer ; both a r e  f r om Room 2 .  The 
average t h i ck n e s s  of s i x  f r agments f r om the we s t  wa l l  is 1 3 . 6  mm, 
wh i l e the f r agment f r om the n o r t h  wa l l  i s  2 2  to 2 4  mm t h i ck . One 
jaspe f r agment f r om the wes t  wa l l  has s i x  l aye r s ,  each l e s s  than 
. 2 5 mm t h i ck . 

P l a s t e r  samp l es f r om Rooms 3 and 5 show two p l a s t e r  e p i sodes . 
Thr e e  f r agments f r om the two r ooms may po i nt to a t h i rd p l a s t e r  
l ayer . T h e  e v id ence f r om R o o m  3 cons i s t s  o f  pos s i b l e  r emnan t s  o f  
jaspe o n  the i nt e r i o r s u r face o f  one f r agme n t ,  wh i l e  the e v i dence 
f r om Room 5 cons i s ts o f  a t h i n  d i scont i nuous l ayer on t h e  e x t e r i or 
o f  one f r agment f r om the s outh wa l l  and a t h i rd e x t e r i o r l ayer on 
a f r agment f r om t h e  wes t  wa l l .  However , s i x  o t h e r  f r agments f r om 
the south and wes t  wa l l s o f  Room 5 have o n l y  two l ayer s . Cons e ­
quent l y ,  e v i dence o f  a t h i rd p l a s t e r  l ayer i s  n o t  s ubstant i a l  and 
may p o i n t to i ncomp l e t e  r e p l a s t e r i ngs of t h o s e  r o oms . 

Two f r agments f r om Room 7 p o i nt t o  thr e e  p l a s t e r i ngs . One 
fr agment has t h r e e  d i s t i nct l ayer s ,  wh i l e the s econd has two l aye r s  
w i t h  a r emnant o f  jaspe on the i nt e r i or s u r face . 

Int e rpr e t i ng the Res u l ts 

The pot ent i a l  o f  adobe mat e r i a l s  analyses i n  archae o l o g i c a l  
r es earch r e s t s  i n  t h e  a b i l i ty o f  the analyses to p r o v i d e  data 
r e l evant t o  r es earch i s su e s . The adobe mat e r i a l  f r om the 
Truj 1 1 1 0  H o u s e  has yi e ld ed i n f o r mat i on u s e f u l  i n  add r e s s i ng at 
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Figure 3 . Compar i s on o f  T r u ­
j i l l o  H o u s e  a d o b e  w i t h  mod ­
e r n  cons t r uct i on s tandar d s . 
S o l i d l i nes : Un i t ed S t a t e s  
Depar tment o f  Comme r c e  Na­
t i onal Bureau of  S t andards ; 
Dashed l i nes : Un i f o r m  B u i l d ­
i n g  Cod e . 
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l east thr e e  ma j o r  r es ea r ch q u e s t i ons . 

A .  Where Was The Adobe Made? 

Compar i s on o f  the samp l e s  taken f r om the s i d e  and bottom o f  the 
m i dd e n  pit r ev e a l s  that the samp l es a r e  very d i f f e r ent . Th i s  i s  
mos t  obv i ous i n  F i gu r e  4 ,  whe r e  i t  can b e  s e e n  that the m i dden 
f l oor samp l e  is  q u i t e  s i mi l ar t o  ad"obe samp l es f r om Room 2,  t h e  
h e a r t h  i n  R o o m  3 ,  a n d  the wa l l  s epar at i ng Rooms 4 and 8 .  I n  
c o n t r as t ,  t h e  samp l e  t a k e n  f r om the s i d e  o f  the m i dd e n  p i t  i s  a 
d i f f e r e n t  c o l or than the adobe samp l e s ,  has d i f f e r e n t  perc entages 
o f  par t i c l e  s i ze s ,  and a h i gher p l as t i c i ty i nd e x  than the adobe 
samp l es and the m i dden f l oor samp l e .  Th i s  s t r o n g l y  s uggests that 
the cont r o l  samp l e  f r om the s i d e  of the midden is natu r a l  s o i l .  
The midden f l oor s amp l e ,  on the o t h e r  hand , was actua l l y  adobe that 
was l e f t  in the bottom of t h e  m i x i ng p i t . 

Th i s  i s  s i gn i f i cant f o r  s ev e r a l  r eas ons . F i r s t ,  i t  i d e n t i f i e s  
t h e  midden p i t  as a n  adobe b o r r ow/mi x i ng p i t . I t  s e ems c l ear that 
th i s  f eatur e was i n i t i a l l y e xcavated i n  o r d e r  to p r o v id e  adobe f o r  
t h e  h o u s e  a n d  that , subs equent l y ,  t h e  l a r g e  h o l e  w a s  f i l l ed w i t h  
dome s t i c  t r as h .  Wh i l e  we s us pe c t ed t h i s  t o  b e  the cas e ,  we wo uld 
not d emon s t r a t e  it  unt i l  comp l et i on o f  the adobe analys e s . 

S e c o nd ,  i d ent i f i c a t i o n o f  the b o r r o w  p i t  d emons t r a t e s  that the 
Tr u j i l l o H o u s e  adobe was made o f  loca l ,  on-s i t e  mat e r i a l s . Wh i l e  
t h i s  may s e e m  a conc l us i on t o o  obv i ous t o  ment i on ,  i t s s i g ­
n i f i cance l i e s  i n  c o n t r a s t  t o  a n  o r a l  t r ad i t i on f r om t h e  Taos a r e a  
t o  t h e  n o r t h e as t . Or a l  t r ad i t i on i n  the Taos a r e a  ma i n t a i ns that , 
wh i l e adobe was some t i me s  made on-s i t e  h i s t o r i c a l ly, t h e r e  a r e  
d epos i t s  o f  c l a y  and sand t h a t  we r e  and s t i l l  a r e  cons i d e r ed to be 
opt i ma l  f or adobe . Fur the r , t r ad i t i on ma i n t a i ns that th i s  " good 
d i r t "  was s o ught by ad obe-ma k e r s  thr oughout the Taos Va l l ey . Th i s  
i nd i c a t e s  a pr e f e r ence f or non- l oc a l  mat e r i a l s  and f o r  r e g i onal u s e  
o f  mat e r i a l s  f r om spec i f i c l ocat i o ns . Th i s  k i nd o f  r eg i o nal u s e  
i s  s t i l l  be i ng pr act i c ed by t h o s e  i n  t h e  T a o s  a r e a  w h o  p l a s t e r  
the i r  i nt e r i o r  wa l l s  w i t h  ti erra blanca, a mi cace ous k ao l i n  s o i l  
f ound i n  one depos i t  i n  t h e  f oo t h i l l s s ou t h  o f  Taos . However ,  the 
" go od d i r t "  adobe d e pos i t s  a r e  l ocated on the Taos P u e b l o  I nd i an 
R e s ervat i on and on pr i va t e  l ands and ar e no l onger ava i l ab l e  f o r  
g e n e r a l  u s e . Begrudg i n g l y ,  Taosenos a r e  now f o r ced to mak e  adobe 
on-s i t e . How accur a t e  the t r ad i t i on is in showing r eg i onal u s e  o f  
s p ec i f i c r es o u r ce s ,  or  wh e ther i t  actua l l y r e f l ects popu l a r  
d i s sat i s fact i on o v e r  the spl i tt i ng up o f  the l and a n d  the r e l uc ­
t a n c e  o f  l andown e r s  to a l l ow access to t he i r  l and s ,  i s  n o t  
p r e s e n t l y  c l ear . However ,  i t  c o u l d  be t es t ed w i t h  analyses o f  
adobe f r om h i s t o r i c a l  and a rchae o l og i c a l  context s . Th i s  po i n ts out 
t h e  need f or a r eg i o n a l  approach t o  c o l l ect i on and ana l ys i s  i n  
o r d e r  t o  a s s e s s  the u s e  o f  l ocal v e r s u s  r eg i onal mat e r i a l s o u r c es . 

B .  How Was The Adobe Mad e ?  

Compar i s o n  o f  t h e  adobe samp l es w i t h  t h e  cont r o l  samp l e  s hows that 
the pr i ma r y  d i f f e r ence between adobe and n a t u r a l  s o i l  at the 
Tr u j i l l o House is  that t h e  adobe has a h i gher c o a r s e  s and content 
and a l ower c l ay content . Th i s  s uggests that the adobe was mad e 
by add i ng coar s e  s and t o  the nat u r a l  s o i l .  Wh i l e t h i s  may have 
s e rved to add l a r g e r  par t i c l e s  to the m i x  that might act l i k e  
t empe r  i n  p o t t e r y ,  i ts e f f e c t  was t o  d ec r e a s e  t h e  r e l at i v e  content 
o f  c l ay, the actual b i nd e r  in the adobe . The r e s u l t  of t h i s  
pr ocedur e  was t o  p r od uc e  adobe t h a t  was actua l l y  wea k e r  t h a n  the 
natu r a l  s o i l  d u e  to its h i gh s and and l o w  c l ay content . Th i s  
weak ness i s  r e f l ec t ed i n  the p l as t i c i t y  o f  the samp l es . Whe r eas 
the nat u r a l  s o i l  has a pos i t i v e ,  a l be i t  l ow, p l as t i c i ty i nd e x ,  the 
p l as t i c i ty o f  t h e  adobe is cons i s t e n t l y  l ower and even negat i v e ,  
d emons t r a t i ng t h a t  the adobe f r om t h e  s i te i s  e s s e n t i a l l y non­
p l a s t i c . I nt e r es t i ng l y ,  in each c a s e  whe r e  plaster and b r i c k  
samp l e s  f r om the s ame r o om wer e  a n a l yzed , the p l a s t e r  h a s  a h i gher 
i nd e x  than the br i c k , 15ugges t i ng that t h e  plaster was s l i gh t l y  
s t r onger than the br i ck s . 

The except i on t o  th i s  procedu r e  i s  the samp l e  f r om t h e  h e a r t h  i n  
Room 3 .  I n  th i s  cas e ,  the amo unt o f  c o a r s e  s and i s  actua l l y l ower 
than the nat u r a l  s o i l ,  wh i l e the f i ne sand is h i gher . Th i s  
s ug g e s t s  that t h e  adobe used t o  p l a s t e r  t h e  hear t h  was made by 
add i ng f i ne s and to the mi x .  Wh i l e  th i s  proba b l y  contr i bu t ed to 
a f i ne r ,  smo o t h e r  p l a s t e r , i t  s t i l l  d ecr eased the c l ay content . 

The r e  i s  e v i d ence o f  h i s t o r i c a l  cont i nu i ty i n  the mak i ng o f  weak 
adobe in t h e  Ab i qu i u  a r e a . In 1 9 8 2 ,  t h e  New Mex i co Bur eau o f  M i ne s  
a n d  M i n e r a l  R e s o u r c e s  pub l i s hed the r e s u l t s  o f  a s ur vey o f  mod e r n  
commer c i a l  adobe-ma k e r s  i n  N e w  Mex i c o . ( 9 )  T h e  s u r vey i nc l ud ed 
s ev e r a l  t e s t s  o f  samp l e  br i c k s . Among the t r ad i t  i onal ad o b e ­
mak e r s  who s e  br i c k s  wer e  t es t ed f o r  compr e s s i ve s t r ength, mod u l u s  
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Figure 4 . P l as t i c i ty,  T r u ­
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o f  r uptur e ,  wat e r  absorpt i on ,  and mo i s tu r e  content was one adobe 
yard in Ab i qu i u .  Wh i l e the Un i f o r m  Bu i ld i ng Code ( N ew Mex i co s t a t e  
Bu i ld i ng Cod e ) r eq u i r es an aver a g e  c ompr e s s ive s t r ength o f  3 0 0  ps i ,  
t h e  adobes f r om Ab i q u i u  ave r aged o n l y  1 9 6  ps i .  O f  t h e  4 7  other 
ad obe-ma k e r s  who s e  br i ck s  we r e  t e s t e d ,  o n l y  three p r o v i d ed samp l e s  
w i t h  l ower compr es s i ve s t r e n g t h ,  and t w o  o f  t h o s e  wer e  damaged i n  
r ou t e  t o  t h e  t e s t i ng f ac i l i t y .  C l e a r l y ,  the s andy s o i l s  o f  t h e  
Ab i qu i u  ar ea a r e  not conduc i ve t o  mak i ng s tr ong adobe . 

C .  What Was The Cons t r uct i o n  S equence O f  The Truj i l l o H o u s e ?  

Wa l l  th i c k n e s s e s  i nd i cate that r a t he r  t h a n  be i ng bu i l t as a s i n g l e  
bu i ld i n g ,  t h e  Tr u j i l l o  H o u s e  g r e w  as a s e r i e s  o f  f o u r  u n i t s  over 
a per i od of t i me .  Ro oms 1 and 2 cons t i t u t ed one un i t . The wa l l  
s epar a t i ng t h e s e  two r o oms d i r ect ly abutted t h e  e x t e r  i or wa l l s  
r a t h e r  than be i ng bu i l t  i n t o  the e x t e r i or wa l l s  and was mad e o f  
br i ck s  l a i d  e nd t o  end s o  that i t  was narr ower than t h e  e xt e r i or 
wa l l s ,  wh i c h  wer e  made o f  br i ck s  l a i d s i d e  to s i d e . 

Rooms 3 ,  4 ,  and 8 a l s o  cons t i tuted a s i n g l e  u n i t . The wa l l s 
s u r r ound i ng t h e s e  r o oms we r e  t h i c k e x t e r i or wa l l s ,  i nc l ud i ng the 
wa l l  s e par at i ng Room 3 f r om Room 2 .  As with Rooms 1 and 2,  i t  
appears that a l a r g e  r o om was bu i l t that was s ubsequently d i vi ded 
by nar r ow i nt e r i or wa l l s . Th i s  is s uppor ted by wa l l  abutment 
pat t e r n s ,  i n  wh i c h  p l a s t e r  on the south wa l l  o f  Ro oms 3, 4,  and 8 
cont i nued beh i nd the wa l l  abutments s e pa r at i ng the r o oms . I n  
add i t i o n ,  the ad obe f l oor cont i nued und e r  the two d i v i d i ng wa l l s . 

Room 5 was add ed to the wes t  end o f  t h e  Room 3 - 4 - 8  b l ock as a 
s i ng l e  un i t .  The wa l l  between Ro oms 8 and 5 was a t h i c k e x t e r i o r  
wa l l  and t h e r e  was n o  cont i nu i ty o f  p l a s t e r  or f l oor betwe en t h e  
r o oms a s  t h e r e  was i n  Rooms 3 ,  4 ,  and 8 .  Ro oms 6 and 7 we r e  bu i l t 
as a s i n g l e  un i t  and subs equent ly subd i v i d ed . P l as t e r  on the west 
wa l l s of Rooms 6 and 7 was cont i nuous beh i nd the wa l l  abutment 
s epar at i ng them . The d i v i d i ng wa l l  was n a r r ower than the s u r r o und ­
i ng e x t e r i or wa l l s . ( l O ) 

Though i t  i s  p l a i n  that the s t r uc t u r e  g r e w  by accr e t i o n ,  t h e  
actua l s equence was d i f f i c u l t  t o  d i s c e r n  as nat u r a l  d e t e r i o rat i on 
o f  the adobe had obsc u r ed s ome wa l l  abutments . For i ns tanc e ,  i t  
was c l ear that a t h i ck e x t e r i or wa l l  s eparated the Room 1 - 2  un i t  
f r om t h e  Room 3 - 4 - 8  un i t ,  but wh ether i t  was or i g i na l ly t h e  east 
wa l l  o f  Room 3 or  the west wa l l  o f  Room 2 was not c l ear . 

Compar i s on o f  the samp l es demons t r at e s  that t h e r e  we r e  d i s t i nct 
s i m i l a r i t i es between the adobe f r om the m i dd e n  f l o o r  and that f r om 
t h r e e  l oca t i ons i n  the house - Room 2 ,  the hearth f l oor i n  Room 3 ,  
and the wa l l  d i v i d i ng Rooms 4 and 8 .  Th i s  i s  s e e n  c l ear ly i n  t h e  
p l as t i c i t y a n d  s a l t s  t e s t s . Ana lyses o f  the ar t i f acts f r om the s i x  
c u l t u r a l  s t r a t a  i n  the p i t  s t r on g l y  s uggest that the ar t i f acts wer e  
depos i t ed i n  the p i t  a f t e r  about 1 8 8 0  o r  per haps s l i gh t l y  e a r ­
l i e r . ll Th i s  s uggests t h a t  mod i f i cat i ons made t o  t h e  h o u s e  u s i ng 
adobe f r om the p i t  a l s o  date f r om the l a s t  years o f  the occ upa ­
t i on .  Ther e f o r e ,  i t  may be c o n j e c t u r ed that Room 2 was bu i l t l a t e  
i n  the s i t e ' s  h i s t o r y ,  probably d u r i ng the l a s t  bu i ld i n g  e p i sode . 
Th i s  i s  s uppor t ed by the p l as t i c i ty data and the s o l ub l e  s a l ts , as 
s e e n  in F i gur e 4 and Tab l e  I I .  I t  i s  a l s o  s uppo r t ed by the p l a s t e r  
l ayer data,  f r om wh i c h  i t  i s  s e e n  that Room 2 i s  the only r o om w i t h  
a s i ng l e  p l a s t e r  laye r ,  i n  c o n t r a s t  t o  Rooms 3 ,  5 ,  and 7 ,  whe r e  two 
and t h r e e  p l a s t e r i ngs ar e e v i d ent . S i nce it is c l ear that Rooms 
1 and 2 wer e  bu i l t  as a un i t ,  t h i s  un i t  was pr obably the l a s t  
por t i o n  o f  the h o u s e  t o  be b u i l t . 

As noted abov e ,  p l a s t e r  on the s o u t h e r n  wa l l  o f  Room 4 d emon ­
s t r at e s  t h a t  t h i s  wa l l  and , ther e f o r e ,  R o o m  8 wer e  bu i l t a f t e r  
c o n s t r uct i o n  o f  Room 4 .  I t  may be c o n j e c t u r ed that t h e  wa l l  
d i v i d i n g  Room 4 i n t o  Rooms 4 and 8 dates f r om the s ame l a t e  
bu i l d i ng e p i s od e  t h a t  produced Rooms 1 and 2 .  T h i s  i s  s uppo r t ed 
by t h e  p l as t i c i ty data , .  wh i c h  po i nt s  t o  a s tr ong s i mi l ar i ty between 
the midden adobe and the Room 4/8 wa l l . 

F i na l l y,  a l t hough Room 3 had e v i dence o f  two or t h r e e  p l a s t e r ­
i ng e p i s od e s  a n d  s o  was per haps one o f  t h e  o ld e r  r ooms , t h e  
f i r e p l ace was appar e n t l y  r emod e l ed or at l ea s t  r ep l a s t e r ed at t h e  
same t i me that Rooms 1 and 2 wer e  bu i l t  and R o o m  8 was d i v i ded f r om 
Room 4 .  

Us i n g  wa l l  t h i ck ne s s  data"  and the r es u l t s  o f  mat e r i a l s  analys e s ,  
the f o l l ow i ng s c e nar i o  may b e  p o s t u l a t ed f o r  t h e  cons t r uc t i on 
s equence o f  t h e  hous e . Rooms 3 and 4 wer e  bu i l t  as the or i g i na l  
hous e ,  p e r haps as e a r l y  a s  t h e  l a t e  1 8 3 0 s . S ome t i me l a t e r , Room 
5 was added t o  the wes t  end o f  the hous e . I t  r ema i ned a s e parate 
un i t  as no d o o r  was made to connect it t o  Room 4 .  Ro oms 6 and 7 
wer e  bu i l t as a un i t  on the wes t  s i d e  o f  Room 5 and connected t o  
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the l a t t e r  by a d o o r , r e s u l t i ng in a l ar g e r , t h r e e - r oom un i t  on the 
wes t  end o f  the h o us e . The p r e s e nce o f  two and t h r e e  p l a s t e r  
l aye r s  i n  Ro oms 3 ,  5 ,  and 7 s ug g e s t s  t h a t  the h o u s e  g r e w  to that 
s i z e  f a i r ly r a p i d ly and r ema i ned i n  that form unt i l  about 1 8 8 0 ,  
be i ng s u b j ected t o  the s ame ma i n t enance ac t i v i t i es . S omet i me 
a r o u nd 1 8 8 0 ,  Rooms 1 and 2 wer e  bu i l t  as a un i t  on the east end o f  
t h e  hous e ,  Room 4 was s u bd i v i d ed i nt o  Rooms 4 and 8 ,  and the 
f i r ep l ac e  in Room 3 was r emod e l ed or r ep l as t e r ed . F i na l ly ,  between 
that t i me and the t i me of abandonment about 1 8 9 4 ,  Room I was 
e x t e ns i v e l y  r emod e l ed . 

Conc l us i ons 

Ana l ys e s  of adobe bu i ld i ng mat e r i a l s  have y i e l d ed s i gn i f i cant 
i n f o r mat i on o n  cons t r uct i on p r o c e s s e s  at the Tr u j i l l o  Hous e . The 
analyses d emons t r a t e  that the adobe u s ed at the s i t e  was mad e on­
s i t e . Further , a l a r g e  t r as h - f i l l ed p i t  was pos i t i v e l y  i d ent i f i ed 
as a borr ow/mi x i ng p i t ,  c l ar i f y i ng p r o c e s s e s  o f  s i t e  f o r mat i on .  

The nat u r a l  s o i l  at the Tr u j i l l o H o u s e  i s  not we l l  s u i t ed f o r  
adobe , a l t h ough i t  f a l l s  w i t h i n  mod e r n  construct i on s t andar d s . I f  
t h e  Tr u j i l l os had used the natu r a l  s o i l  a l on e ,  the adobes m i ght 
have been s t r onger . However , by add i ng add i t i onal sand , the 
r e l a t ive c l ay content o f  the s o i l  was d ec r e as ed , mak i ng it  we a k e r  
a n d  n o n - p l a s t i c . 

F i na l l y ,  t h e  analyses have b e en cr i t i c a l  i n  d et ermi n i ng t h e  
c o n s t r uc t i o n s equence o f  the h o u s e  b y  prov i d i ng d a t a  wh i ch ,  wh en 
l i nk e d  w i t h  ar t i factual s t ud i e s ,  a l l ow us to ass i gn d a t e s  to 
cons t r uc t i on e p i s od e s  and to por t i ons o f  the s t r uc t ur e .  As a 
consequenc e ,  the gr owt h o f  the h o u s e  f r om i t s  or i g i na l  two r o oms 
to i t s  f i na l  e i ght is b e t t e r  und e r s t o od . 

These data a r e  i mportant i n  thems e l ve s  w i t h  s p ec i f i c r e f e r ence 
t o  the Tr u j i l l o Hous e . Howeve r ,  they r a i s e  ques t i ons about 
mat e r i a l  use and s i t e  f o r mat i on p r o c e s s e s  that r equ i r e  a r e g i onal 
p e r s pec t i ve . Wha t  are the q u a r r y  s o ur c e s  f o r  jaspe? I f  the use 
of jaspe r ep r e s ents r e g i onal u s e  o f  a spec i f i c mat e r i a l ,  why does 
the adobe r e f l e c t  use of o n - s i t e  ma te r i a l s ?  Ar e ther e no r e g i on­
a l  s o u r c e s  f o r  b e t t e r  adobe s o i l ?  How d o e s  the s i z e  o f  a dwe l l ­
i ng r e f l ect t h e  l ength o f  occupat i o n ?  What i s  t h e  r e l a t i o nsh i p  
be tween dwe l l i ngs and other f ea t u r e s  o n  a s i t e ?  A body o f  r eg i onal 
data wi l l  show the ut i l i ty o f  adobe mat e r i a l s  ana l ys es i n  add r e s s ­
i n g  r eg i onal archae o l o g i c a l  i s s u e s . 

The T r u j i l l o House data have i mpor tant i mp l icat i o ns f o r  cons e r ­
vat i on i s t s  as we l l .  Mat e r i a l  compat i b i l i t y  betwe e n  or i g i na l  adobe 
and that u s ed for s t ab i l i zat i on ,  r econs t r uc t i on ,  or ma i n t enance 
could best be e n s u r ed by us i ng mat e r i a l s  f r om the same for s i mi l ar 
s ources . T h i s  s ho u l d  r ed uce the r i s k s  o f  d i f f e r e n t i a l  weat h e r i ng ,  
mo i s t u r e  absorpt i o n ,  and we i g h t - bear i n g  s t r engt h . However , 
i d e n t i  f icat i o n  o f  mat e r  i a l  s o ur c e s  and cons t r uc t i on techn i ques 
r a i s e s  an i ss u e  o f  the d e s i r a b l i l t y  o f  i d e n t i c a l  mat e r i a l s  in 
conse rvat i o n . We r e  the Tr u j i l l o  House to be s t ab i l i zed or 
r e cons t r uc t ed , the conservat i o n i s t  wou l d  n e ed t o  cons i d e r  whether 
such weak adobe would be s u i tab l e  i n  the f ace o f  l on g - t e r m  
ma i nt enance a n d  s t ab i l i t y  needs . F i nal l y ,  t h e r e  i s  the cons i d e r a ­
t i on o f  the u s e  o f  ma te r i a l s  f r om d i f f e r ent s o u r c e s  i n  the s ame 
s t r uctur e ,  wh i c h  wou l d  r e qu i r e  both i d e nt i f i c at i on o f  the var i ous 
s o u r c e s  and ass essment o f  mat e r i a l  compat i b i l i t y  and s u i t ab i l i t y 
f o r  u s e  thr oughout the s t r uctur e .  These conc e r ns p o i n t  t o  the need 
for r eg i onal data c o l l e c t i on and s ugge s t  an impor tant partner s h i p  
be tween a r c h a e o l ogy, ethno h i st ory,  and conservat i on .  
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Tab l e  I .  Samp l e  number s ,  pr oven i ences , and types , 
Tr u j i l l o  H o u s e  adobe . 

Saml2le Pr oven i e nce � 
1 M i dden p i t ,  s o u t h  wa l l ,  Natural 

. 5  m b e l ow pr esent con t r o l  
gr ound s ur face 

2 Room 2 ,  wes t  wa l l  Br i ck 
3 Room 3 ,  h e a r t h  f l oor P l a s t e r  
4 Room 4 ,  n o r t h  wa l l  Br i ck 
5 Room 5 ,  wes t  wa l l  Br i ck 
6 Room 7 ,  e a s t  wa l l  Br i ck 
7 Rooms 4 and 8 ,  wa l l  Br i c k 
8 Room 7 ,  east wa l l  P l as t e r  
9 Room 2 ,  nor t h  wa l l  P l a s t e r  
1 0  Room 5 ,  s ou t h  wa l l  P l as t e r  
1 1  Midden p i t  f l oor Ad obe 

s o i l  

Tab l e  I I .  Summar y  o f  analyt i ca l  r es u l t s ,  Tr u j i l l o House adobe . 

Saml2l e  Par t icle S i z e  i n  t' 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  

cs � §.. £l. 
3 . 5 6 6 7 . 7 2 1 6 . 59 1 2 . 1 2 

1 6 . 5 5 6 2 . 2 8 1 4 . 0 2 7 . 1 4 
1 .  6 0  7 4 . 5 6 1 8 . 7 7 5 . 0 7 

2 4 . 0 1 6 8 . 9 0 7 . 1 0 0 

1 3 . 3 0 6 0 . 6 6 1 9 . 6 3 6 . 5 4 

1 7 . 7 4 5 4 . 9 0 2 4 . 0 6 3 . 2 8 
1 1 . 9 7  6 7 . 8 2 1 2 . 9 4  7 . 2 7 

P l as t i c i t  
11. I2..l. 

i n  t" S a l ts·  

2 6 . 3 0 2 1 . 4 9  
1 6 . 2 5 2 1 . 4 9 
1 6 . 3 0 1 8 . 5 0 
1 4 . 7 0 2 1 . 2 0  
2 0 . 2 3 2 0 . 6 4 
1 9 . 7 0 2 0 . 6 3 
1 6 . 6 0 1 9 . 9 6 
2 2 . 5 0 1 9 . 9 4  
1 8 . 0 0 2 1 . 0 0  
2 1 . 6 0  2 0 . 1 3 
1 6 . 7 5 1 9 . 7 8 

I2.i. §.. ill n. 
4 . 8 1 

- 5 . 2 4  - t / - t 
- 2 . 2 0 - t / - t / -
-6 . 5 0 - t / -

- . 4 1 - t/-
- . 9 3 t ? t/ -

- 3 . 3 6 - t / -
2 . 5 6 

- 3 . 0  
1 .  4 7  

- 3 . 0 3  t / - t t 

t t  
t 
t 
t 
t 
t 

t t  

'Par t i c l e  S i z e  - cs : c o a r s e  s and ; f s : f i ne sand; s : s i 1 t ;  c l : c l ay .  
"P l as t i c i ty - l l : l i q u i d  l i mi t ;  p l : p l a s t i c  l i mi t ;  p i : p l as t i c i ty 

i nd e x . 
'S o l ub l e  S a l t s  - s : s u l f at es ; c h : ch l or i d e s ; n : n i t r i t es ; c : ca r ­

bonates ; t t : s tr ongly p r e s e n t ;  t : p r e s ent ; t / - : i nd i cat i ons 
i nconclus i v e ,  per haps pr e s e n t ;  - : not p r e s e n t ;  ? : un known . 
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Abstract 

The archaeological site of 
paquime , Casas Grandes , is 
located in the grasslands 
o f  northern Mexico . 
Paquime i s  a preh i spanic 
r ammed earth city that 
reached its heyday i.n the 
f ourteenth cen'tury . 
Discussion centers on the 
factors contributing to the 
deterioration o f  adobe at 
Paquime and the steps that 
have been taken to preserve 
the building known as Unit 
6 .  The conclusion presents 
comments on the steps that 
need to be taken to insure 
the s ite ' s  conservation and 
protection . 
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Introduction 

Five hundred to a 1000 years ago the site of Paquime near Casas 
Grand e s , Ch ihuahu a , Mexico , dominated northwestern Chihuahua 
( Ph i l l ips 1 9 8 9 ) . The early pit houses were replaced by wattle 
and daub compounds which in turn were replaced by rectangular , 
s in g l e  story , rammed earth compounds . These compounds were 
transformed into the apartment blocks which dominate today ' s  
vista . 

Apart from the construct ion techn iques , the d i agnostic 
architectural complex includes a freshwater-cum-drainage system 
colonnades , sleeping nooks , stylized hearths , turkey and macaw 
pens and "T" shaped doorways . The walls are made in standard 
widths roughly equivalent to 2 5 ,  4 0 ,  80 and 1 2 0  cm . Non­
habitational areas include rubble core/ stone veneer ceremonial 
structures such as platform mounds and " I "  shaped ba ll courts ( Di 
Peso 1974 ; Di Peso , Rinaldo and Fenner 1974 ) . 

Paquime , l ies in the Chihuahuan grasslands of the Basin and 
Range Province of western North America at 3 0 °  2 5 '  N :  107 ° 52 ' W ,  
a t  1 4 8 5  m above sea leve l .  I t  is about 2 0  km east of the Sierra 
Madre Occidental .  Paquime sits on the first terrace of the 
western bank of the Casas Grandes river . 

The c limate is arid ( 3 00  mm) and extreme ( Cetenal 197 7 ;  
Cordoba et al . ,  1969 ; Schmidt 1975 , 198 3 ) . Most rain falls in 
t orrent i a l  s ummer storms . The extreme s ummer temperatures 
surpass 4 0 °  C while the extreme winter temperatures dip below 
17 ° C .  Spring winds , westerl ies and souwesterl ies , reach peak 
veloc4. ties > 17 m/ sec . winter northers reach velocities > 13  
m/ sec . Soils are shallow ,  immature and calcareous . 

Between 1958 and 1 9 6 1  Charles Di Peso , Director of The 
Arnerind Foundation led the Joint Casas Grandes Expedition in 
collaboration with the National Institute of Anthropology and 
History , a branch of the Mexican government ( Contreras 1958 ; Di 
Peso 19 6 0 ,  1 9 6 6 , 1968 , 1974 ; Di Peso , Rinaldo and Fenner 197 4 ) . 

The four principal factors leading to the deterioration of 
Paquime are water ( rain,  run-off , and cap i llary action ) ; wind 
abrasion ; expansion and contraction due to temperature changes ; 
and , abrasion etc . due to visitors . 

The three main criteria for the development of a research 
strategy and a management plan are the need to protect the site ' s  
scient i f ic worth , educational value and esthetic integrity . 

Mater i a l  presented in th i s  paper without spec i f ic 
attribution is derived from Di Peso ( 1974 ) and Di Pes o ,  Rinaldo 
and Fenner ( 1974 ) . 

Cultural History 

Di Peso provided a three period , nine phase chronology based on 
dates derived from radiocarbon , tree-r ing , and obs i d i an 
rehydration measurements . Subsequent work has mod i f ied the 
chronology ( Dean and Ravesloot 1988 ; Le Blanc 198 0 ;  Lekson 198 4 ) . 
Phi l l ips ( 19 8 9 )  proposes an alternate chronology that el iminates 
some phases and combines others : 
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Tardio Period ; San Antonio de Padua Phase 

Medio Period ; Paquime , Diablo and Robles 
Buena Fe Phase 

Vie j o  Period ; Perros Bravos Phase 
Pilon Phase 
Convento Phase 

AD 1660-1686  

AD 1 3 00-1450  
AD 1 1 5 0 - 1 3 0 0  

A D  1 0 7 5 - 1 1 5 0  
AD 9 75 - 1 0 7 5  
AD 9 7 5 - 600 
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The Vie j o  Period : The vie j o  Period reflects the expansion of 
the local population as pit-house villages grew and were replaced 
by rectangular wattle and daub surface compounds . The beginning 
of this period was related to the downfall of Teotihuacan and the 
end was related to the rise of Tula (Di  Peso 1 9 7 4 ) . 

The Medio Period : Casas Grandians managed to accumulate large 
quantities of shells , copper bells , metates ,  etc . and produced 
large quanti ties of macaw and turkey feathers . These products 
were exchanged for cosmic legitimization ( Rathj e ,  Gregory and 
Wiseman 1 9 78 ) . 

The Tardio Period : The Tardio Period includes the post climax 
occupation around Paquime and the first Spanish intrusions . 

Construction Techniques 

S ince everyone knows what adobe is , adobe is different things to 
different people ( Judd 197 7 ) . In this paper we w i l l  consider 
adobe to be a mixture of clayey soils and sand that have been 
used in construction ( Judd 1 9 77 ) . The ideal percentage of clay 
should be under 2 0 % , while the sand should surpass 4 5 % . 

As clay dries , it shrinks , looses its lubrication water and 
sets in a particular shape . Once the adobe had been set , sub­
s equent addition of water will rehydrate and "melt" the clay . To 
protect the i r  f orm most adobe structures are r o o f ed a nd 
plastered . When the protection is lost , water penetrates and re­
initiates the re-hydration process which results in " adobe rot" . 

At Paquime the basic construction material is the local soil 
which naturally has a h igh proportion of montmori l lonite c lay and 
caliche . No organic matter was added to the soi l .  

S ince cracking was s l ight , it seems a s  i f  the wal l s  were 
made with a fairly dry mixture of water , mud and gravel .  Non­
load bearing walls were about 2 5  to 30 cm wide whi l e  load-bearing 
wal ls were about 4 0 ,  80 or 120 cm wid e .  The thinner walls 
supported s i ng l e  story structures wh i l e  the thicker wa l l s  
supported multi -stor ied structure s .  A l  though sixteenth century 
documents mention s i x  or seven f loors ( Obregon 1 9 8 6 ) , 
archaeological evidence suggests there were only three or four . 

Both interior and exterior walls were plastered . First the 
wal l  core was covered with a layer that provided a level surface 
for the appl ication of the f inishing layer . This penultimate 
layer plays two very important rOles . Firstly , it creates a 
smooth and uniform surface that increases the adhesion of the 
f inal layer . Secondly by adsorbing any irregularities in the 
outer surface of the core it reduces the mechanical and hydraulic 
stresses that tend to crack the final layer . 

Conservation and Preservation 

The Degradation of Adobe at Paquime : The four principal 
factors leading to the degradation of adobe at Paquime are water 
( rain , run-off , and capillary action) ; wind abrasion ; expansion 
and contraction due to· temperature changes ;  and , abrasion etc . 
due to visitors . 

Water is the number one enemy of adobe and rammed earth 
bui ldings . Water is the original "plasticizer" and as such 
permits the shaping of clay . Once dried clay maintains its shape 
unt i l  it is rehydrated and returned to the p la s t i c  state . 
Rehydration may be the result of a single event or the continual 
wetting due to rain , dew , etc . 

Water at Paquime is mainly derived from rain . Torrential 
storms wash away any loose material leaving a new surface to be 
subj ected to yet an other drying cycle . 
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Capi llary action takes place in any porous material that 
f inds itself in contact with another material with a higher 
percentage of l iquid water . It  must be remembered that the clays 
in the adobe provide a large area to store water and fac i l itate 
evaporation . In adobe walls in arid environments , the capillary 
action is re-enforced by the establishment of a vapour front 
which would seem to wick the water further up the wal l s ,  with a 
resultant increase in coving . 

Paquime is subj ected to spring and early summer winds 
with peak velocities in excess of 17 m/sec ( 60 kph ) . The 
particles in the wind work like a sand blaster abrading the 
wall s .  The impact of these winds can be c learly seen in the 
asymmetrical wear of exposed walls . In general terms , the amount 
of material eroded from the western face of exposed north-south 
wal l s  is more than twice that of the east face . This wind driven 
asymmetrical erosion is not found in protected wall s .  

The winds also help t o  wick out the moisture in the walls 
and i ncrease the amount o f  damage attr ibuted t o  " c ap i l lary 
a c t i o n " . The continual expansion and contrac t i o n  due to 
temperature changes results in the chronic destruction of the 
most basic mechanical bonds . As previously noted ambient summer 
temperatures in the shade exceed 4 0 ° C  whi le winter temperatures 
fall below -17 ° C .  In the summer the temperatures of surfaces 
exposed to direct sun l ight will vary more than 4 0 ° C  each day . 
This results in a smal l  but not insignif icant expansion and 
contraction cycle ( Luis Torres , personal communication ) . In the 
w inter the f ormat ion o f  ice crysta ls with in the adobe a l so 
creates pressures that break the mechanical bonds . 

Paquime received over 1 7 , 500 visitors in 1 9 8 9  and l ike the 
sand part i c l e s  i n  the w ind , they s l owly but sure ly abrade 
whatever they touch . While it is hard to measure the impact of 
the individual visitor , the wear and tear can be easi ly detected 
month by month . The sucessful installation of a visitors trail 
has greatly reduced this damage . 

Properly cared for adobe is a strong and l ong l a s t i ng 
material , but exposed to the elements it quickly melts and looses 
its structural properties . The individual and combined damage of 
water , wind abrasion , temperature changes and visitor induced 
abrasion are chronic and insidious since they take advantage of 
the weaknesses created by each other . 

Conservation : In 1 9 8 8  the National Institute of Anthropology and 
History , in col laboration with the government of the state of 
Chihuahua , undertook the restitution of Unit 6 .  Unit s ix is  a 
s ingle story rammed earth structure to the north west of the main 
l iving quarters . unit six was previously restored by Eduardo 
Contreras in 198 1 .  

The f irst step was to gather all  the available documentary 
and photographic evidence that would facil itate the j ob .  Based 
on Di Pesos ' monumental work (Di  Peso 1 9 7 4 ; Di Peso , Rinaldo and 
Fenner 1 97 4 )  a profile of each room was developed and converted 
into the work sheet used to evaluate each rooms ' condition . 

The second step was the app l i ca t i on o f  sacr i f i c i a l  
super f i c i a l  layers of " new old adobe" that wou ld cover and 
protect the original wal l  stubs . "New old adobe" is the material 
that was washed into the rooms as the bui ldings eroded and then 
was removed as f i l l  during the excavation . 

The wa l l  stubs were s crapped to remove loose mater ia l ,  
gently wetted down and covered with "new old mud" . The 
"new old mud" was forcefully fl icked on with a smal l  mason ' s  
trowel . A 3 0  c m  grid of yellow polypropylene strings and knots 
were placed within the first layer of the "new old mud" . This 
grid will inescapably delineate the j oint . 

After the "new old mud" covered the old wal l  stub , the 
workman appl ied considerable pressure to create a smooth surface 
and f loat the f ines to the surface . Then , indentations were made 
with the point of the trowel .  These indentations helped stop 
cracks and improved the adhesion of the next layer . The workmen 
preferred to use their fingers . 

When the f irst layer was quite dry , a second layer , and then 
a third , etc . were appl ied as necessary to bring the wal l  back to 
the dimensions speci fied in Di Pesos ' reports . 
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An a lternat ive approach i s  e f f ective in s om e  c a s e s  of 
advanced erosion . Walls were re-built using forms that simulated 
the original construction technique ( Contreras 1 9 8 5 ) . These 
forms were positioned in the manner suggested by Contreras ( 19 8 5 )  
and f i l led with " new old mud" . The forms were removed once the 
mud was dry enough to stand on its own . After each section was 
dry , the planks were raised and another section built . Once the 
wal l  was close to the dimensions specified ( Di Peso,  Rinaldo and 
Fenner 1974 ) , one or more layers of mud were f licked on . 

The use of forms is ideal only in specific s ituations . 
Forms are successful only in reconstructing walls from low stubs . 
Attempts to apply this technique to walls that have been heavily 
eroded lateral ly ,  but not vertically , have not met with success . 
As the new material dries , it tends to lose adherence and draw 
away from the old wall . There needs to be sufficient mass , at 
l east 2 0  cm of "new wal l " ,  above the stub to bind the material 
app lied to the sides . 

steps To Be Taken : The most important steps to be taken are the 
development of long term maintenance and protection programs . The 
s u cc e s s  o f  a ma intenance program depends on the f inanc i a l  
c ommi tment to s em i - annual inspections that inc lude both 
photo graph i c  and written documentat ion . Such s em i -annua l  
inspections are the key t o  site preservation s ince they provide 
the information needed to evaluate what techniques and actions 
have been successful as wel l  as anticipate the budgetary needs in 
the short , medium and long term . 

The protection program needs to addresess the different 
problems faced in protecting the different facets of the cultural 
heritage . Such a protection program needs to enlist the support 
of the general publi c ,  help them appreciate the pace that at 
which their history is being destroyed and create a conci encious 
force that strives to protect archives ,  historic bui ldings and 
archeological site s ,  etc . 

The work done at one site has l ittle meaning if everything 
e lse is forgotten . Steps must be undertaken to protect the plain 
as well as the dramatic . The general public pays for the 
protection of cultural resources and the public should know what 
it gets for its money . As government agencies we are no more 
than the custodians of the public interest . If there is no 
p ub l i c  i nterest , we are custodians of l itt l e  more than a 
coll ection of anachronims . 
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ABSTRAcr 

The mud and brick wall remnants 
at Fort Selden State funument,  
NEW Mexico, U. S.A.  were stabiliz­
ed 197 2 ,  197 4 ,  and 1985.  The 
techniques enployed included the 
placement of caps on wall tops , 
repair of basal erosion, estab­
lishment of drainage slopes to 
prevent the accumulation of water 
next to walls , preservation 
landscaping, and construction of 
visitor trails . These efforts 
have retarded , but not stopped , 
the deterioration of the site . 
It is suggested that research be 
directed toward the burial of 
cultural resources as a long-term 
preservation method, and it is 
reconmended that sites should not 
be excavated and left exposed for 
purposes of public display and 
interpretation. 
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Fort Selden is located in the semi -desert country of New Mexico in the 
southwestern United States , 85 km (53 mi) north of the Mexican border on the 
Rio Grande. 

Historical Background 

The post was established to protect visitors in the valley of the Rio Grande 
from Indian raids and bandits . The adobe fort was constructed in the late 
1860s by soldiers from the garrison, military prisoners , and civilian 
enployees. 

The flat-roofed structures comprising Fort Selden were arranged about a 
rectangular parade ground, they included the Officer ' s  Quarter ' s ,  C ompany 
Quarters, Administration Building , and the Post Hospital . Beyond the perimeter 
of the parade ground were the corrals ,  the Comranding Officer ' s  Quarters , and 
the Trader ' s  Store. Fort Selden was constructed to hold a complement of about 
200 men. 

According to military specifications the outer walls were . 61 m (2 ft) 
thick and the inner walls, which did not support roof beams , were . 3Om (1 ft) 
thick. The outer walls had rock foundations and the interior walls had mud 
brick foundations . The walls were 3 . 05 m (10 ft) high from floor to ceiling 
with a . 61 m C2 ft) parapet above the roof. The roofs consisted of peeled 
cottonwood logs (vigas) overlayed with small cottonwood poles (latillas) which 
were placed side by side. On top of these were a layer of willows placed 
crosswise, and on the willows a thick layer of hay and a 8 . 9  ern ( 3  1/2 in) 
layer of mud mixed with cut straw. On top of this was a layer of tamped dry 
earth and , finally, a 8 . 9  ern (3  1/2 in) layer of mud. Most of the exterior 
walls were not rendered, while the interior of the buildings were coated with 
a lime plaster. 

There were continual problems with the upkeep of the mud brick buildings . 
During one period of particularly heavy rain, tents were pitched inside the 
roams to protect the inmates and their possessions . In 1871 the Post Commander 
carmented : "The buildings ami quarters are sufficient for the present garrison, 
and have been well built from the material afforded by the country (adobe) but 
that material . . .  disintegrates so fast during the sl.ll11Tler rains that constant 
repairs are needed to preserve the buildings for decay and ruin" (Cohrs, 
Caperton, 198 3 :  6) . 

The post was abandoned in 1891 . The roofs , windows , and other salvageable 
material was reportedly given to a contractor in payment for removing the 
bodies fran the post cEIDetery. 

Environmental Data 

Fort Selden is located at an elevation of 1126 m (3990 ft) above sea level . 
Terrperature and precipitation has been recorded at a station 20 . 9  (13 mi) from 
the site since 1870.  

The average annual maximum t errperature (187 0-1983 )  is 24 . 7 0  C (76 . 4 0  F) , 
the average minimum terrperature is 6 . 60 C (43 . 90 F) . There are an average of 
97 days a year with terrperatures over 32 . 20 C (900 F) and 100 days with the 
terrperatures at or below freezing. The mean annual precipitation is 21 . 60 CM 
(8 . 49 in) . The rainy season is from July 1 to Sept EIDber 10. The months of 

July to SeptEIDber receive 54% of the annual rainfall . 

Preservation Efforts 

The former fort was acquired by the NEW Mexico State Monuments , a bureau of 
the Museum of New Mexico , in 1972 . There is a visitor center with a full time 
staff at the site . Preservation projects were instituted at the monument in 
197 2 ,  197 4 ,  and 198 5 .  

Walls Caps 

During the historic occupation of the post, lime plaster was used to form a 
simple cap on the walls. Erosion problems at another nineteenth century fort 
in NEW Mexico Vlere addressed by placing wide wooden planks on top of the walls 
to protect them and form a drip edge. The planks were held in place by 
additional mud bricks . 
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Workman preparing eroded wall 
base for insertion of new 
adobe bricks , 1974 . New 
Mexi= State Monurrents. 

Workman =ntouring new adobe 
bricks to fit profile of 
historic wall,  1974.  New 
Mexico State Monurrents. 

Adobe wall before stabilizat­
ion, 1974. New Mexi= State 
Monurrents. 

Adobe wall after stabilizat­
ion, 1974. The ground 
surface has been raised to 
provide wall support and 
graded to facilitate water 
runoff. New Mexi= State 
Monurrents. 
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During the 1972 stablization effort at Fort Selden same of the wall 
remnants were capped with Im.ld bricks which had been amended with a polyurethane 
resin (Pencapsula) .  The amended bricks were relatively impermeable and this 
may have resulted in the accelerated erosion of the wall fabric :imnediately 
below the cap. The bricks were laid in line with the walls with no drip edge. 
In same cases several =urses of historic bricks were removed to form a base 
for the new material . The result of this work was a flat-topped unnatural 
appearance to the walls. The aJIDunt of original fabric removed would probably 
not have been lost from natural weathering processes for several decades .  

The amended bricks were removed in 1974 and the walls were coated with 
alx)Ut 2 . 54 an (1 in) of unamended Im.ld to form a protective cap. 

The walls were capped with unamended Im.ld again in 1985.  Narrow strips of 
red plastic sheeting were placed between the cap and original surface at 0 . 9  m 
(3 ft) intervals to act as indicators when additional maintenance work is 

required. 

The unamended cap lasts alx)Ut one year. The rapid deterioration of the 
cap is the result of the relatively wide wall surface which is exposed to rain 
and snow. .5are of the walls which were not capped have eroded to a character­
istic rounded or pointed top which tends to shed water and on which snow does 
not readily accUIm.llate. While the unamended cap is an effective and aestheti­
cally acceptable preservation technique , if well maintained , investigation 
should be made into the use of amendments that would retard erosion without 
having adverse effects upon other portions of the wall remnants . The use of 
shelters to protect the exposed mud brick walls might be a more effective 
preservation technique than capping . Careful consideration Im.lst be given to 
the design of the shelters so that they do not create adverse physical effects 
upon the wall remnants . 

Wall Bases 

Many of the wall bases at the monument exhibited typical basal erosion caused 
by rising darrp , leaching of salts , wind carried abrasives , and to sane extent , 
rodent infestation. 

In 1974 the walls that exhibited advanced basal deterioration were repair­
ed by inserting Im.ld bricks into their base . The eroded areas were prepared by 
cutting them into a rectilinear form with a flat base to accept the new Im.ld 
bricks which were set in unamended Im.ld rrortar . The square edges of the bricks 
were tr:imned to match the =ntours of the historic walls. 

Walls which exhibited less basal erosion were repaired with successive 
layers of Im.ld plaster . 

Drainage Slopes 

Slopes were established to prevent the aCCUIm.llation of water next to walls . 
The exterior and interior ground surfaces of the rooms were, as practicable , 
brought to the same level by lowering or raising the fill . This may prevent 
problems with the transference of rroisture through the wall from the area of 
greater to lesser fill.  The ground surface was then sloped away from the walls 
to facilitate water run off. 

In those cases where there was severe and extensive basal erosion , earth 
berms were established against the walls to provide structural support . The 
berms were compacted and sloped awa y from the walls to prevent the accUIm.llation 
of water next to them. The basal erosion pattern will reoc= at the juncture 
of the wall and top of the berm. 

Drainage within room blocks was generally facilitated by channeling the water 
through doorways or gaps in the walls to the exterior of the structure. In 
cases where this was not possible, the interior of the rooms were =ntoured to 
encourage the puddling of water in the center where it would evaporate. 

Preservation Landscaping 

Several species of natives grasses that do not require watering after estab­
lishment were planted on the parade ground and the perimeters of the post. 
The grass may reduce the aJIDunt of wind carried particles that blast the wall 
remnants of the post during sandstorms . Vegetative growth is dis=uraged 
in the rooms for it is felt tl1at it might retain moisture which would enter 
the walls. 

Visitor Trails 

Distinct trails were established through the fort and visitors are requested to 
stay on them. Them recudes impact on the walls from public use. 

Predictive Modeling 

In 1989 photographs from the occupational and post-occupational periods of the 
fort were compared with present-day photographs by Kevin McDougall and John 



Preservation landscaping. Grass 
was planted on the parade ground 
to reduce the amJunt of wind 
carried abrasives . The trees 
replicate the historic landscape, 
1985. New Mexi= State t-bnUlT'eIl.ts. 

Drainage contours to prevent 
accumulation of water next to 
walls. The grade is established 
to the center of this roadway. 
After snow, 1974. New Mexi= 
State t-bn UlT'eIl.ts. 

Officer ' s  Quarters before 
stabilization, 1974. New Mexico 
State t-bnuments. 

Officer ' s  Quarters after 
stabilization, 1980. New Mexi= 
State t-bnuments. 
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Jensen of the University of Queensland , Brisbane ,  Australia to dtermine if 
photogramnetry can be used to determine the erosion rate of cultural resources. 
Mclbugall and Jensen stated that it is possible to extract data from which the 
deterioration rate of adobe buildings could be determined. Predictive modeling 
possesses the potential to be an invaluable tool for both preservationist and 
site mmagers . 

Resource Burial arrl Public Presentation of Cultural Resources 

IDw-lying walls at Fort Selden which were not of salient interest to visitors 
were draped with a soil membrane (geotextile) arrl =vered with earth. 

Resource burial is the ITOst effective means of preservation known today. 
Sites should be recorded prior to burial and copies of the data placed in time 
capsules on the site. The resource could rE!l1ain covered for generations and 
the time capsules might insure the survival of archival data. In cases where 
there are substantial above ground rE!l1ains the resource should be =vered to 
the greatest extent possible . Thus , a good portion of the site will rE!l1ain 
relatively intact. Site burial has the additional benefit of dis=uraging 
vandalism. 

The mud brick rE!l1ains of Fort Selden are preserved by the State of New 
Mexico for purposes of display and interpretation. Such public progr anming 
can conflict with preservation efforts . Decisions regarding the presentation 
of the site may have a significant impact upon the cultural resource. 

In mmy cases, extensive ruins in the southwestern United States which are 
open to public visitation have been stabilized in the same fonn that they were 
found after archaeological excavation. The resources did not exist in this 
=ndition, as a roofless ruin without room fill , during any period of their 
history. The walls , and other features , if left exposed , deteriorate rapidly. 
After several decades of weathering and/or repair the original fabric of the 
resource becomes enextricably altered . A fantasy historical envirol1llEnt may 
be created is this process continues .  The preservation design ultimately 
may destroy the historic integrity of the resource . 

Alternative fonns of resource presentation and interpretation must be 
implemented . For example , sites can be effectively interpreted in a museum 
setting without sacrificing the integrity of the resource. Portions of a 
site might be excavated and enclosed in a structure with a controlled 
environment. 

mNCLUSIONS 

The preservation design of the mud brick wall rannants at Fort Selden , New 
Mexico included the placement of unamnended mud caps on walls, filling of 
areas of basal erosion with mud bricks , establishment of drainage slopes to 
prevent the accumulation of water next to walls, preservation landscaping , 
=nstruction of trails for site visitors, and resource burial . These techni­
ques have , at best, extended the life expectancy of the ruins and hopefully 
have not had a deleterious effect upon the resource. 

To date there is no panacea for the ills associated with the conservation 
of adobe cultural resources ,  and some procedures have resulted in their 
further degradation. The exploitive presentation of historic sites should 
be reconsidered in light of the fact that the original fabric of the resources 
is often sacrificed or lost for reasons of public progr anming. 

The ITOSt effective preservation techniuqe for earthen ruins is burial . 
It is recanmen:1ed that research be directed toward the burial of sites , 
alternative rrethods of presentation and interpretation , and the investigation 
of erosion rates. 
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ABSTRACT 

In the " l ' lle district of Marti­
gues ( Bouches-du-Rh6ne - Southern 
France ) ,  important rescue archeo­
logical excavations have taken 
place during a twelve-year period 
( 1978 - 1989 ) ; this work has 
shed much light on our knowledge 
of architecture and daily life in 
Southern Gaul during the Iron Age . 
Because of its exceptionally good 
state of preservation , the site 
has clearly demonstrated the im­
portance of earthen materials in 
construction techniques and has 
provided a good insight into the 
domestic lay-outs within the two 
successive protohistoric vi llages 
found there . 
In addi tion , thi s archeological 
work has led to a project aimed 
at presenting some of the earthen 
buildings of the first village , 
this through both restoration 
and reconstruction . 

KEY WORDS 

Archeology - Reconstruction -
Earthen architecture - Domestic 
lay-outs - Earthen obj ects -
Iron Age - "L ' Ile" district of 
Martigues - France . 

FIG.  1 Plan du premier village 
protohi storique ( debut Ve - debut 
l I e  s .  av . J . C . ) et implantation de 
la "Vi trine Archeologique" .  
Dessin N .  Nin . 

FIG. 2 Foui1 1 e  de l ' espace 
concerne par 1a preservation 
archeologique . Place d ' angl e ,  rues 
et maisons du premier village . 
Photo Jean Chausserie-Lapree . 
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L ' ILE DE MARTIGUES A L ' AGE DU FER 

Histoire et preservation du site . 

Jean CHAUSSERIE-LAPREE 
Archeologue de la Ville de Martigues 
Mairie de Martigues ,  BP 101 
13692 MARTIGUES CEDEX - FRANCE 

Introduction 

UN VILLAGE EN TERRE 

De 1 978 a 1989 , Ie quartier de l ' Ile a Martigues , petite ville de Provence 
Occidentale , a ete Ie theatre d ' importantes fouilles archeologiques motivees 
par une operation de renovation urbaine . Les prin�ipaux resultats de cette re­
cherche concernent l ' instal1ation au debut du 5eme siecle avant J . C .  d ' un habi­
tat urbanise qui est a l ' origine de l ' agglomeration actuell e .  

Entre Ie  debut du 5eme siecle e t  l a  fin du 2eme siecle avant J . C .  deux bourga­
des protohistoriques se sont succedees au milieu du chenal qui relie l ' Etang de 
Berre a la Mediterranee . Grace a des conditions de sedimentation particulieres 
-exhaussement du sol , submersion partielle , incendies repetes- les s tructures 
baties des deux villages ont ete remarquablement conservees . Elles offrent un 
large panorama des techniques archi tecturales et des pratiques domestiques en 
vigueur dans Ie Sud de la France durant l ' Age du Fer , et  soulignent l ' importan­
ce de la terre crue dans la construction , l ' amenagement interieur , l ' entretien 
et la decoration des maisons ( 1 ) . 
La qualite des vestiges qui a permis d ' etablir l ' histoire des techniques archi­
tecturales protohistoriques uti li sees sur ce site est a l ' origine du proj et de 
conservation et de mise en valeur de l ' habitat in situ .  Toutefois les problemes 
lies au contexte urbain actuel , a la remontee de la nappe phreatique et a la 
nature des vestiges interdisaient une conservation en plein air . Le choix s ' es t  
donc porte sur une conservation en rez-de-chaussee d e  l ' un des immeubles nouver 
lement construits . Ainsi derriere une "vi trine archeologique" est aujourd ' hui 
presentee au public une partie du quartier nord-ouest du premier village gau­
lois . Huit habitations sont partiellement conservees et occupent , avec les 
trois rues et la place qui les desservent ,  une superficie de 70 M2 ( voir fig. 
1-3 ) . 

Un double parti de presentation a anime la realisation de ce projet : 

- la restauration des vestiges immobiliers dans leur etat initial met claire­
ment en evidence Ie plan d ' urbanisme et  l ' archi tecture vernaculaire de cette 
agglomeration . La superposition de murs d ' epoques successives trahit egalement 
Ie principe de sedimentation du s ite . 

- la reconstitution integrale de plusieurs maisons donne une image inedite de 
ce type d ' habitat . La variete d ' utilisation et l ' adaptabilite du materiau 
terre trouvent ici une illustration que la seule conservation des murs n ' aurait 
pu fournir . 

On trouvera donc l ' association des deux themes principaux traites dans ' cette 
conference : l ' histoire et la tradition de 1 ' util isation de la terre dans 
l ' habitat a ' une part,  la restauration et la preservation des sites de l ' autre . 

TECHNOLOGIE PROTOHISTORIQUE DE L ' ARCHITECTURE EN TERRE 

Dans les deux villages l ' archi tecture de terre se rencontre a tous les niveaux 
de la construction domestique ( murs , toitures ,  sols , placages , amenagements 
interieurs etc . . .  ) et se presente , en fonction de chaque utilisation , sous une 
forme et une technologie di fferentes . 

LES MURS : LE PRINCIPE GENERAL DE CONSTRUCTION 

Porteurs ou cloisons , les murs sont constitues de deux parties 
- une base en pierres liees au mortier de terre 
- une elevation de terre crue 

On trouve ici un modele i ssu du monde hellenique et largement repandu sur les 
habi tats protohistoriques du Sud de la France des Ie debut du 6eme s iecle 
avant J . C .  ( 2 )  ( Voir fig . 4 ) . 

La base en pierres : 
La fonction de la partie basse en pierres n ' est pas identique selon qu ' il s ' a­
git de constructions initiales ou de reconstructions . Dans Ie premier cas la 
nature meuble du sous-sol rendait necessaire une fondation enterree destinee 
a proteger la base de la magonnerie de l ' affouillemen t .  Quand Ie mur est reba­
ti sur une ancienne construction ruinee , la fondation devient un simple soubas­
sement , a peine en terre , qui asseoi t  la partie en terre et l ' isole des remon­
tees capillaires d ' humidite . La hauteur de ce socle , generalement peu importan­
te ( 0 , 30 m a 0 , 50 m) peut atteindre 1 m sur certains murs de fagade plus 
exposes aUXI chocs et a l '  erosion ( voir fig .  5 ) . 
Quelles que soient les periodes , la technique de construction est une magonne­
rie porte use a deux parements en moellons irreguliers montes en opus incertum 
et lies avec un mortier de terre . 



FIG.  3 Vue exterieure d ' ensemble 
de la "Vi trine Archeologique " .  
Photo J . C-L . 

FIG.  4 Mur de fond d ' une maison 
du premier village ( IVeme s .  av o 
J . C . ) E levation d ' adobes sur 
soubassement de pierre s .  Photo 
J . C-L . 

FIG.  5 Fondation d ' orthostates 
et soubassement de pierres d ' un mur 
de fa9ade du premier village 
( Veme - IVeme s .  av o J . C . ) Photo 
J .  C-L . 

FIG.  6 Murs d ' adobes effondres 
dans une maison du premier village 
( IVeme s .  av o J . C . ) Photo J . C-L . 

I. 
FIG.  7 Mur associant briques 
crues et poteau central en bois 
( I I I eme s .  av o J . C . ) Dessin N. Nin . 

FIG.  8 Bouchage d ' une porte selon 
la  technique de la bauge ( I IIe  s .  
av o J . C . )  Photo J . C  -L . 

Site Preservation 2I3 

Sa largeur moyenne ( 0 , 50 m )  est un peu superleure a celle de l ' elevation en 
terre . L ' arase superieure des pierres est recouverte d ' une chape de terre argi­
leuse qui prepare le l i t  de pose des briques ou du pise et assure adherence et  
reparti tion egale des charges .  

L ' elevation en terre crue : 
Une soixantaine de murs possedaient encore une elevation en terre en place . S ' y  
ajoutent les nombreuses parois abattues dont l ' analyse permet d ' evaluer l a  hau­
teur des constructions . Celle-ci temoigne de l ' inexistence d ' etage que renforce 
l ' absence de dispositifs speci fiques ,  telles les montees d ' escali ers presents 
sur certains sites  preromains iberiques ou proven9aux ( 3 ) ( voir fig .  6 ) . 
Trois modes principaux d ' utilisation de la terre crue ont ete mis en evidence 
l ' adobe , la  bauge et  le pise . La documentation recueillie a precise nos connai� 
sances sur les periodes d ' appari tion de ces differentes techniques durant l ' Age 
du Fer du Midi meridional . Elles ont aussi permis de saisir les modali tes de 
mise en oeuvre de la terre et d ' en tirer les enseignements pratiques pour 
l ' operation de reconstitution . 

L ' adobe 

La technique de l ' adobe est la plus repandue . Presente des la creation de l ' ha­
bitat , elle perdure jusqu ' a  sa destruction definitive . 
Les briques sont obtenues par la mise en forme d ' un melange de terre , de sta­
bili sant vegetal et  d ' eau dans un moule rectangulaire . Malgre des deformations 
importantes dues aux oscillations de la nappe phreatique , aux tassements et a 
la mauvaise qualite des materiaux , une etude metrologi que a pu etre menee qui 
denote la variete des longueurs des briques selon les periode s .  
On constate aussi l a  grande disparite chromati que des adobes . Outre des sources 
d ' approvisionnement diversifiees , ce phenomene temoigne de la reutilisation de 
terre a batir provenant de murs ruines ( 4 )  ( voir fig .  4 et 7 ) . 
L ' appareil transparait grace au mortier de l i aison que distingue une couleur 
plus claire et une consistance tres argileuse mal appropriee a la confortation 
des ouvrages . 11 respecte generalement la regle de recouvrement des joints 
verticaux . Quelques constructions cependant laissent voir des coups de sabre 
responsables de graves malfa90ns . Les ma90nneries de briques revelent aussi 
l ' absence frequente de l i ai son structurale des murs entre eux , qui trahit un 
rythme de construction original . Le premier mur edifie est le refend dont la 
longueur fixe l ' alignement de fa9ade et 1 ' emplacement de la superficie de la  
maison peut-etre en fonction de lots definis a l ' avance . Ce procede tres rudi­
mentaire tire sans doute son origine de la faible superficie des maisons , par­
foi s  depourvues de fa9ade ( 10 a 20 m2 ) . 

Trois murs porteurs en briques sur soubassement de pierres montrent l ' associa­
tion d ' adobes et de poteaux en Dois places au centre de la ma90nnerie ( voir 
fig. 7 ) .  Cet appareillage mixte qui s ' apparente aux constructions a pans de 
bois , est tout a fai t original pour notre habitat et  se distingue radicalement 
de la  technique du torchis qui caracterise , dans le Sud de la France , des pe­
riodes plus anciennes et des zones moins influencees par les apports etrangers . 

La bauge 

Rare , la techni que du fa90nnage direct et manuel de la terre touche des por­
tions limitees de murs et parait reservee a des situations architecturales 
particulieres : bouchage d ' une porte ou refection d ' unc ancienne ma90nnerie de 
briques .  Son association aussi bien avec la pierre qu ' avec l ' adobe revele sa 
liberte de modelage et sa facilite de mise en oeuvre ( voir fig . 8 ) . 

En outre le materiau tres composite de la bauge , riche en vestiges domestiques ,  
indi que un prelevement e t  une preparation de l a  terre a batir dans l ' habitat 
lui-meme . Bien qu ' occasionnelle , la bauge attestee des le 4eme s i ecle avant 
J . C .  semble prefigurer la technique du pise qui se developpe au 2eme s iecle 
avant J . C .  

Le pise 

Les murs massifs deviennent majoritaires dans le second village ou ils apparais­
sent representatifs d ' une technique veritablement novatrice . Reposant sur un 
soubassement de pierres plus large ( 0 , 50 - 0 , 60 m )  le materiau terre presente 
une coloration et  une composition a peu pres uniformes . C ' est un melange de 
sables , limons et argiles plus heterometri que que les briques . Dans certains 
cas , des pierres dessinent des lignes horizontales interpretees comme des 
niveaux intermediaires entre deux banchees de terre . Faute de vestiges attes­
tant l ' emploi de coffrage , ce sont les rares indices materiels d ' uti lisation 
du pise . De plus la periode d ' apparition a Martigues de ce mode d ' architecture 
correspond a son introduction sur d ' autres sites meridionaux proches ( Entremon t ,  
Marignane ) .  Le p i s e  apparait ici comme un transfert d e  technologie i talique de 
me me que la brique avait ete empruntee au monde grec quelques siecles plus tot 
( 5 ) ( voir fig . 9 et 1 0 ) . 

LES SUPERSTRUCTURES 

C ' est le domaine le moins bien connu puisque aucun element s ' y  rattachant ne 
nous est parvenu en place . Encore avons-nous la chance que ce village ait subi 
trois incendies qui ont fossilise des fragments de superstructures effondree s .  
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FIG.  9 Murs de fagade en pise du 
deuxieme village ( l Ie  s .  av o J . C . ) 
Photo J . C-L . 

FIG.  10 Elevation en pise d ' un mur 
du deuxieme village ( lIe  s .  av o 
J . C . ) 

FI9.  11 Fragment de la couverture 
d ' un toit-terrasse . Empreintes de 
roseaux sur la face inferieure . 
Photo G .  Xuereb ( Martigues 
Communication ) 

FIG. 12 Partie nord-ouest du 
premier village recouverte par l a  
nappe phreatique . Photo J . C-L . 

FIG.  13 Magonnerie de pierres et 
de briques avant restauration . 
Superposition de deux murs 
successifs . Photo J . C-L . 
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Mais i l  est difficile de di stinguer les vestiges de la toi ture de ceux qui peu­
vent provenir d ' un niveau intermediaire . S ' i l parait acquis que cet habitat n ' a  
pas comporte de maisons a etages ,  plusieurs observations nous incitent a resti­
tuer l ' existence de mezzanines ou demi-plans partiel s .  D ' abord l ' exiguite des 
pieces que leur encombrement extreme rendait inutil i sables sans le recours a 
un espace de vie supplementaire . Mais egalement les nombreux objets retrouves 
en posi tion renversee dans les strates superieures des couches de destruction , 
les poteaux implantes pres des murs qui ne pouvaient servir de support a l a  
toi ture o u  les planchers decouverts carboni ses sur l e  sol . 
De la toi ture proprement dite , nous possedons assez d ' elements pour en resti­
tuer l a  composi tion et  la forme . Obeissant a un modele courant dans le  Sud de 
l a  Gaule et en Espagne , elle est en terrasse et formee de deux parties : la 
charpente et  l a  couverture . 
La charpente , assemblee sans piece metal lique , se compose de sol ives de pin ou 
de chene di sposees dans le sens de la l argeur et reposant directement sur le  
sommet des  murs . Elles sont parfois relayees ,  au  centre de  la piece , par une 
poutre principale seulement pergue grace au trou ou a la base de poteau qui lui 
sert de support.  
La couverture est faite d ' un lit  de roseaux arranges a plat sur lequel est 
damee une couche de terre crue . Elle nous est connue par les nombreux fragments 
cuits accidentel l ement,  offrant une face inferieure striee d ' empre intes de 
vegetaux , l ' autre plane et l issee ( voir fig . 1 1 ) .  Cette couche est un melange 
de sables , argiles , graviers et fibres vegetale s ,  presentant les traces de 
multiples recharges , temoins d ' un entretien permanent , qui finissent par for­
mer une epai sseur de terre allant jusqu ' a  0 , 20 m ,  ce qui induit une charge 
importante de l ' ordre de 300 a 500 kg/m2 ( 6 ) . 

LA VITRINE ARCHEOLOGIQUE : RESTAURATION ET RECONSTITUTION DE L 'HABITAT 

La presentation proposee dans l a  "vi trine archeologique" oll sont preservees 
des structures d ' habi tat du premier village protohistori que , met en evidence , 
dans les elevations , la technique de l ' adobe sur soubassement de pierres . La 
mise en oeuvre a eu recours aux techniques de construction originelles  et 
respecte les principes architecturaux enonces plus haut . Exclusivement manuel­
les , la preparation de la terre et la fabrication des briques ont ete repro­
duites avec les moyens les plus simples . Un mi l l ier d ' adobes aux modules en 
vigueur aux 4eme et 3eme siecles avant J . C .  ont ete reali ses dans des moules 
prismatiques en bois a compartiment simple . Par ai lleurs la condui te , simulta­
nement a ces travaux , d ' une operation de foui lle touch ant Ie second vi llage , 
nous a offert un approvisionnement en sediments appropries a nos besoins en 
materiau . 
Enfin , pour eviter , dans 1 ' architecture , tout desordre lie  a la presence de la 
nappe phreatique sous-jacente ( voir fig . 12 ) ,  nous avons enterre avec du sable 
les structures les plus profondes et protege les vestiges par un systeme d ' e­
tanchei te et de drainage adequat ( chape de beton et feui lle de plastique ) ( 7 ) . 

LA RESTAURATION 

Dans la moitie sud du local oll les vestiges archeologiques sont presentes dans 
leur caractere originel ,  l ' etat de degradation des magonneries a rendu indis­
pensable une reconstruction des elements qui avaient souffert des intemperies 
durant la fouille et  des travaux d ' edification de l ' immeuble contemporain . 

Apres releve et demontage , les structures ont ete rebaties soit avec leurs 
materiaux propres quand i l s  pouvaient etre reutilises ( pierres ) soit avec un 
materiau simi laire dans Ie cas des briques , du liant et des endui ts . Les par­
ties reconstruites ne l ' ont pas ete exactement a l ' identi que , les murs montrant 
souvent des pathologies structurales recentes sans rapport avec la real ite 
archeologique . Ainsi avons-nous decide de restituer l ' etat des magonneries au 
moment de leur decouverte en mettant en valeur les phases de construction 
successives ( voir fig . 13 et 1 4 ) . 
A cause des contraintes techniques les murs restaures ne representent que les 
dernieres periodes d ' occupation du village primi tif.  lIs montrent Ie remontage 
de la magonnerie de pierres la plus recente ( fin 3eme siecle avant J . C . ) sur 
la portion conservee de l ' elevation en adobes du mur anterieur ( mi l ieu 4eme -
milieu 3eme siecle ) .  Par souci pedagogique ils  sont denues d ' enduit protecteur . 
Une attention particuliere a ete portee sur les joints qui revelent l ' apparei l .  
Toutes les fissures d e  retrait intervenues apres l a  pose du mortier ont ete 
bouchees et la surface des j oints l i ssee . 

LA RESTITUTION 

A l ' extremite nord du local , les vestiges protohistoriques n ' avaient pas la 
meme qualite architecturale ,  les travaux de fondation de l ' immeuble moderne 
ayant endommage les murs en elevation . 
Nous avons donc entrepris de les rebatir entierement et de recomposer cette 
partie du village a partir des donnees de fouilles ou de references ethnogra­
phiques .  
L a  presence d ' un pilier d ' angle du batiment actuel a interdit de respecter 
exactement Ie plan-masse des maisons . L ' exiguite des espaces interieurs exposes 
necessitait de modifier legerement l ' implantation primitive des maisons pour 
masquer cette intrusion contemporaine en l ' englobant dans un mur de refend 
( voir fig . 15 et 16 ) .  



F I G .  14 La meme magonnerie apres 
restauration . Photo J . C-L . 

FIG.  15 Stockage des adobes en 
vue de la reconstitution de l ' ilot 
nord . Photo J . C-L . 

F I G .  16 Masquage par le mur de 
briques crues d ' un pil ier d ' angle 
en beton de la "Vi trine 
Archeologique" .  Photo J . C-L . 

FIG.  17 Elevations et 
superstructures reconstituees de 4 
maisons du premier village gaulois 
de l ' I1e  de Martigues .  Photo J . C-L . 

FIG.  18 Elevations de briques 
crues sur soubassement de pierre s .  
Parements denues de revetement. 
Photo J . C-L . 
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Au total cinq habitations ont ete partiellement reconstituees . Situees de part 
et d ' autre d ' une rue11e  et donnant sur la placette d ' angle , elles composent un 
petit ensemble qui recree l ' image urbaine de cette agglomeration protohistori­
que ( voir fig . 1 7 ) . 

Murs , sols et enduits 

Dans la continuite des vestiges de 1a partie sud du local , 1a  maison d ' angle 
est depourvue d ' enduit exterieur . Au-dessus du soubassement originel en pierres 
restaure , l ' elevation resti tuee montre un apparei l  soigne d ' adobes magonnees 
avec un mortier argi1eux selon la regle de recouvrement des joints verticaux . 
La fagade donnant sur la place a ete percee d ' une petite fenetre dont la pre­
sence repond a une triple motivation : donner une prise de lumiere a l ' oues t ,  
permettre une mei 1 1eure integration d e  1 a  maison a u  dispositif urbain d e  l a  
place et demontrer , notamment par l ' absence d e  l inteau , l a  resistance mecanique 
de la terre crua quand e l l e  est correctement mise en oeuvre ( voir fig . 18 ) . 

A l ' inverse , les elevations des maisons qui forment la fagade nord de l a  
ruelle sont enduites interieurement et exterieurement , conformement aux obser­
vations de terrain . A l ' interieur , ces revetements ont un role autant fonc­
tionnel qu ' esthetique . Frequemment restaures , ils  presentent , pour un meme 
niveau d ' occupation , jusqu ' a  trois ou quatre recharges correspondant aux refec­
tions du sol avec lequel i l s  viennent se confondre . Cette accumulation masque 
les differentes epai sseurs du mur . Tres fins et appl i ques en surface sous forme 
de badigeon , ils  concourent a eclaircir les piece s .  Incontestablement ces 
revetements participent a l ' embellissement de l ' espace interieur de la maison 
dont i l s  suppriment les angles vifs ( 8 )  ( voir fig . 1 9 ) . 
A l ' exterieur , les enduits etaient plus degrades du fait de leur exposition 
aux intemperies et aux choc s .  Le projet de reconstitution insiste sur cet 
aspect par une composi tion differente et  une apparence moins homogene qui 
atteste leur usure ( voir fig . 20 ) .  
Nous fondant sur des temoignages anciens et  actuels nous avons renforce cet 
enduit de fibres vegetales qui amel i orent sa resistance a l ' erosion . Un badi­
geon fin de terre argileuse l issee l ' impermeab i l i se ( 9 )  ( voir fig . 21 ) .  

La mise en oeuvre des briques a respecte les principes architecturaux antiques 
me me quand i l s  ne repondaient pas a une construction dans les normes . Seule 
une maison a vu son angle nord-ouest edifie selon les regles  strictes de 
l ' apparei l l age d ' angle avec un chainage regulier de briques ,  par me sure de 
securite . Partout ailleurs i l  n ' y  a pas de liai son structurale des murs de 
refend avec les murs de fagade qui viennent s ' appuyer contre eux . Cette 
absence de chainage est encore aggravee , dans l ' ilot nord,  ' par le  percement 
de nombreuses portes que la tai lle des maisons contrai�t presque toujours a 
placer pres d ' un angle malgre les risques de flambement du trumeau ou du mur 
de refend lui-meme que cela comporte ( voir fig .  22 et 23 ) .  

Niches , etageres et  banquettes 

Certains dispositifs ont ete introduits pour pall ier les problemes de rangement 
du petit mobi lier qui abonde dans chaque maison . 11 s ' agit d ' etageres consti­
tuees d ' une planche appuyee sur des piquets de bois fiches dans la magonnerie , 
de niches reservees dans l ' epaisseur du mur , dont les'  formes et les dispositions 
ont ete empruntees a des exemples actuel s  du pourtour mediterraneen ( 1 0 ) . Ces 
amenagements permettent de disposer les objets qui ne trouven t . pas au sol de 
p lace appropriee ( voir fig . 24 ) .  
Ils  trouvent un complement dans les banquettes basses qui courent sur le  sol le 
long des murs . Faites d ' une rangee de briques crues magonnees sur une ou deux 
assises ,  e l l es sont solidaires du mur et du sol par l ' enduit argi leux qui les  
recouvre . 
Dans un espace domestique multifonctionnel ,  leur role a pu etre divers : 
etageres basses permettant d ' i soler du sol des reserves alimentaires ,  tables 
de travail pour la preparation des repas , supports d ' objets fragi les ou encore 
banquettes pour s ' asseoir ( voir fig . 25 ) .  

Les superstructures 

Ne disposant d ' aucun espace interieur complet nous avons opere lci de fagon 
didactique , selectionnant pour chacun d ' eux un type d ' amenagement .  Ainsi pour 
l ' habitation vue en coupe a ! ' angle nord-ouest de la vitrine , on a privilegie 
l ' hypothese d ' un demi-plan restreint servant de support a deux grands silos en 
torchis . Ancre dans le mur et soutenu au sol par un poteau d ' angle , il est 
constitue d ' un plancher en pin recouvert de quelques centimetres de terre ( voir 
fig . 26 ) .  La deuxieme maison est dotee d ' une mezzanine couvrant toute l a  lar­
geur de l a  piece . Zone de stockage pour des vases a provision et l ieu de rep os , 
ce niveau intermediaire , soumis a de plus lourdes charges ,  a necessite le  
recours a des  bois  p lus importants . 1 1  s ' accompagne d ' un systeme d ' acces com­
pose de pieces de bois plantees en escalier dans le mur ( voir fig . 19 et 27 ) .  

La reconstitution des toitures a egalement tenu compte d ' autres observations 
de terrain : absence de terre effondree au pied des murs , stockage de materiel 
domestique en terrasse qui suppose l ' existence , au-dessus des murs , de rebords 
de toiture hauts de 0 , 10 a 0 , 20 m permettant de retenir la terre , de mieux 
controler l ' evacuation de l ' eau avec des gargouilles et  de servir de protection 
pour les gens et  le  mobilier.  
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F I G .  19 Espace interieur d ' une 
maison reconstituee . Badigeon 
d ' argile blanche et amenagements 
domestiques .  Photo G. Xuereb 
( Martigues Communication ) .  

FIG.  20 Fa9ade de l ' ilot nord 
reconstitue . Parement revetu d ' un 
enduit de terre argileuse . Photo 
G. Xuereb ( Martigues Communication ) .  

FIG.  21 Detail d ' un enduit 
exterieur renforce de vegetaux . 
Photo J . C-L . 

FIG.  22 Construction d ' un mur de 
refend sans chainage avec l a  
fa9ade . Photo G .  Xuereb ( Martigues 
Communication ) . 
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lIs  j ouent aussi un role esthetique rendu ici par les differences de niveaux 
entre les toitures et les acroteres d ' angle . Batis en terre fa90nnee , ils  
devaient etre regulierement restaures par suite de  l ' erosion et  du ruissellement . 
Le badigeon de couleur claire applique en surface , en augmentant la reflexion 
solaire , contribue a une mei l leure i solation thermique des toitures ( voir fig . 
27 ) • 

Le mobi lier en torchis 

Omnipresente dans 1 ' architecture , la terre crue est aussi un element essentiel 
de l a  vie quotidienne a travers un type de mobi l ier qui envahit l itteralement 
l ' espace domestique , a savoir les recipients et objets en torchis .  Preserves 
grace aux incendies qui les ont fos s i lises , i ls consti tuent , a Martigues , un 
repertoire unique pour tout Ie bassin medi terraneen protohistorique ( voir fig . 
28 ) • 
La matiere qui les compose est un melange d ' argile et de vegetaux auquel de­
vaient sans doute etre ajoutes des excrements animaux si l ' on se refere aux 
exemples actuels . Leur montage se fait par tranche de 7 a 10 cm et Ie modele 
qui reste souvent apparent,  frappe par la l iberte des formes et  la variete des 
combinaisons ( 11 ) .  
Ce mobi lier recouvre deux fonctions principales Ie  stockage des provisions 
et la cuisson des aliments . 
On trouve d ' abord des s i los ou vases de reserve pour ' les cereales , fruits 
seches etc . . •  Grandes j arres cylindrique s ,  carrees ou rectangulaires , recipients 
bas en forme de j atte droite ou carenee , ils sont montes a l ' interieur de la 
maison , a leur emplacement definitif et reposent sur un socle i solant de pierres 
ou d ' adobes ou sur une etagere qui les protege des predateurs et  de l ' humidite 
( voir fig . 26 ) .  
Outre ces vaisseaux solidaires du sol ou de leur support , de nombreux autres 
vases en torchis ,  mobiles  pour la plupart,  completent en les diversifiant les 
modes de conservation des denrees alimentaires .  II  est en fin un autre element , 
essentiel , fabrique en terre crue : Ie four , compose de quatre parties indepen­
dantes d�nt l ' assemblage aboutit a un objet complexe . Place pres de la porte 
et lie  a une plaque a feu , il differe des fours en dome traditionnel s  qui 
servent a cuire les galettes par une utilisation sans doute multifonctionnel l e , 
pouvant repondre aux principaux besoins culinaires : cuisson des mets boui l l i s  
et d u  pain , boucanage des viandes et poissons , torrefaction d e s  cereales ( voir 
fig . 29 , 30 et  31 ) .  
Enfin comme materiau de bas e ,  la terre crue est presente au sein meme de 
l ' unite domestique a travers les couronnes de torchis ,  stockees en pile , qui 
constituaient probablement des pains d ' argile prete a l ' emploi pour la fabri­
cation ou la refection de ces obj ets ( voir fig. 3 2 ) . 

Conclusion 

La preservation des vestiges d ' habitat en terre , mise en oeuvre dans l a  
" v i  trine archeologique " ,  a tente d e  concilier reali te archeologique et interet 
museographi que . Adapte' aux contraintes techniques du s1 te , Ie programme 
realise a voulu rendre compte de ces deux aspects distincts en proposant d ' une 
part la restauration sur place des batiments tels qu ' il s  nous etaient parvenus , 
d ' autre part la reconstruction de plusieurs maisons afin de tenter de redonner 
une apparence originel l e  et vivante de ce fragment, d ' agglomeration gauloise . 
Avec cette premiere experience menee dans Ie Sud de la France une attention 
particuliere a ete portee sur la presentation des modeles architecturaux ori­
ginaux encore peu ancres dans l ' imagination collective ou la terre crue , sous 
des formes multiples , j oue une role fondamental . 

F I G .  23 Le meme ensemble une fois 
edifie et  recouvert d ' enduit .  
Photo J

'
. C-L . 

FIG.  24 Niches et etageres 
murales dans une maison 
reconstituee . Photo G. Xuereb 
( Martigues Communication ) .  



FIG.  25 Banquette basse en terre 
dans une maison du second village 
( lIe  s .  av o J . C . ) Photo J . C-L . 

F I G .  26 Demi-plan restreint 
servant de support a des silos en 
torchi s .  Photo J . C-L . 

FIG.  27 Vue exterieure en coupe 
de deux maisons reconstituees . 
Toits terrasses et mezzanines .  
Photo J . C-L . 
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ABSTRACT 

Monks Mound or the "Great 
Knob"-- l ocated at the 
prehi stori c s i te of Cahoki a i n  
I l l i noi s ,  ac ros s the 
Mi s s i s s i ppi  River from St . 
Lou i s--i s the l argest earthen 
mound north of Mex i co .  After 
centuri es of stabi l i ty s everal 
major s l umpi ng  epi sod e s  have 
occurred at the Great Knob i n  
the l as t  fi ve  years . 
Archaeo l ogi cal  and 
geotechn i cal  i nvesti gat i on s  
have i nd i cated that t h e  mound 
was structura l l y  engi neered to 
res i s t  i nternal s l umpi ng but 
that recent s h i fts i n  
groundwater l ev e l s have 
damaged the i nternal structure 
l eadi ng to i n s tabi l i ty .  
Numerou s engi neeri ng sol u t i on s  
for stabi l i zati on were 
exami ned but al l were found to 
i mpact severe l y  the v i s u a l , 
archaeol ogi cal , or 
archi tectural i ntegri ty of the 
mound . In the fi nal  
eval uati on i t  was determi ned 
that pas s i ve management was 
the best c u rrent approach . 
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About one thou sand years ago , the abori gi nal  peop l es of sou thwe stern I l l i noi s 
reached th ei r c u l tural c l i max and greatest e l aborati on wi th the ri s e  of the 
M i dd l e  Mi s s i s s i ppi an c u l ture . Thi s peri od saw the devel opment of temp l e mound 
centers , hi erarch i cal  pol i ti cal  and re l i gi ou s  organi zat i on , l arge-scal e trad e ,  
and fu l l -ti me agri c u l tural s u b s i s tence pattern s .  O n e  o f  these temp l e mound 
centers and i ts soci ety far exc eeded the rest i n  s i ze and comp l ex i ty .  Thi s i s  
the s i te of Cahoki a ,  l ocated j u st  acro s s  the Mi s s i s s i ppi  Ri ver from S t .  Lou i s ,  
Mi s souri , i n  the expan s i v e  Ameri can Bottom f l oodp l a i n  of I l l i noi s ( s ee fi g .  1 ) .  

Cahoki a ' s s i ze i s  i mpre s s i v e--the habi tat i on and ceremon i al areas are 
thought to cover at l east  1 3  km2 and i nc l ude  over one hundred and twenty 
mounds ( S ee fi g .  2 ) . Domi nati ng the s i te i s  the Great Knob or Monks Mou n d ,  a 
l arge ,  mu l t i terraced p l atform mound ( s ee fi g .  3) l ocated wi thi n the central 
ceremon i al prec i nct . Thi s structure hol ds  the di sti ncti on of be i ng the l arge st  
earthen mound north of Mex i co .  I t  measures about 2 9 1  m north-south , 236 m 
eas t-we s t ,  and 33 m i n  h e i ght [ 1 ] .  

Today , about 7 , 500 ha of the s i t e ,  i nc l ud i ng the cen tral ceremon i al 
preci nct and many of the mou nd s , are owned by the State of I l l i noi s and 
managed by the I l l i noi s H i stori c Pres ervat i on Agency ( I HPA) . The Cahoki a 
Mounds H i stori c S i te i s  l i sted on the Nati onal Regi ster of H i s tori c P l aces , i s  
a Nat i onal  H i s tori c Landmark , and i s  on the Worl d  Heri tage Li s t .  

The Great Knob S l ump 

Si nce  i t s fi rst  depi c t i on i n  the ear l y  n i neteenth century ,  Monks Mou nd has 
s u stai ned on l y  s l i ght  s u rfi c i a l  mod i fi cati on due  to di rect human al terat i on s  
and sheet , ri l l ,  a n d  g u l l y  eros i on .  I n  t h e  mi d- 1 950s , and agai n i n  t h e  l ate 
1 960s , two mi nor s l ope fai l ures took p l ac e .  The effects of these were read i l y  
patched and none o f  the movements  were v i ewed a s  seri ou s l y  endangeri ng the 
mound as an archi tectural monument . Howeve r ,  i n  February 1 984 a mod erate 
s l ope fai l u re al ong the eastern mound edge cal l ed i n to ques t i on the future 
stabi l i ty of Monks Mound . The State began joi nt archaeo l ogi cal  [2]  and 
geotechn i c [3] stud i e s  of thi s east face s l ump . Vi rtual l y  whi l e  thi s work was 
i n  progres s ,  i n  Apri l 1 984 , a mas s i v e  s l ope fai l u re occurred on the western 
fac e ( se e  f i g .  4) . Thi s s l ump was l arger than a l l prev i ou s l y  known examp l e s 
and over the s u b s equent few months showed no s i gn s  of natural l y  stabi l i zi ng as 
the other s l ump s had don e .  

A t  thi s poi n t ,  there was i n tense pre s s u re from both State and Federal 
organ i zati ons to make i mmed i ate emergency repai rs to the s l ump areas . 
Fortunate l y ,  we were abl e to argue convi n c i ng l y  that so l i tt l e was known about 
the i nternal structure of the mound or the causes  of the s l ope fai l u res that 
i t  wou l d  be premature to undertake any emergency acti ons unti l more 
i nformati on cou l d  be gathered . 

Research and Phi l osophy 

At that poi n t ,  the IHPA expanded i ts res earch to addre s s  the enti re i s s u e  of 
mound s l umpi ng . Thi s res earch had three i mmed i ate goa l s :  ( 1 ) to determi ne  
the  cause of the c u rrent s l ope fai l ure ; (2)  to  des i gn a way to arre s t  thi s 
proc e s s ; and , ( 3 )  to eval uate the i mpact of these actions  on the archi tectural 
and archaeol og i ca l  i ntegri ty of the monument . The geotech n i cal  aspect of the 
study was performed by Mathe s  Geotechn i cal Serv i ces , I n c . [4] and was a 
conti nuance of thei r ear l i er work on the east s l ump . The archaeo l ogi cal  
porti on of the study was conducted by the Contract Archaeol ogy Program, 
Southern I l l i noi s Uni vers i ty at Edward sv i l l e  ( SlUE)  and foc u s ed on the 
compi l at i on and synthes i s of a l l prev i ou s  h i stori cal  and archaeol ogi cal  
i nformati on avai l ab l e on the Great Knob [ 5] , as wel l as a l i mi ted program of 
test  excavati on and mapp i ng on the west  s l ump [ 6 ] . 
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Fi g .  1 - Map of the Ameri can 
Bottom s howi ng the l ocati ons  
of Cahoki a and  the maj or 
Mi s s i s s i ppi an mound groups . 
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As these s tud i e s  went forward , a para l l e l proc e s s  was undertaken to a s s e s s  
t h e  phi l osoph i ca l  and eth i c a l  i mp l i cati ons o f  any proposed s tabi l i zati on and 
restorati on effor t .  I n  May 1 985 , t h e  I H PA convened a worki ng meeti ng 
i n c l udi ng i nternat i ona l , nati ona l , and regi onal  experts on resource management 
as wel l as  l ead i ng s c ho l ars on Cahoki a res earch to d i s c u s s  the i s s u e s  of 
restorat i o n ,  stabi l i zati on , i nvesti gati ve  ex cavat i on s , and publ i c  
i nterpretat i on . There was strong unan i mi ty that s tabi l i zati on rather than 
res torat i on was the goa l . However,  there was a bas i c  d i chotomy i n  the 
parti c i pants ' approaches  to the treatment of the Great Knob . The s e  
tli fferences  r e s u l ted from each i nd i v i dual ' s  percept i on o f  t h e  mound as  
pri mari l y  an "archi tectural monument , "  a "databas e , "  or a "pub l i c  i nterpreti ve 
resource . "  Thos e  percei v i ng the mound as  archi tecture stron g l y  u rged the 
con s tructi on of a l arge s u rrou n d i ng berm to preserve i ts form . Researchers 
focus i ng on the i nformati onal aspect s ugges ted excavati ons to retri eve 
i nformati on that mi ght be l os t  duri ng the s l umpi ng proc e s s . Tho s e  respon s i b l e  
for i nterpret i ng the s i te to the publ i c  were concerned about any approach ,  
e . g . , mas s i ve bermi n g ,  that drasti cal l y  mod i fi ed the v i s ual  fabri c o f  the 
mound and s u rrou n d i ng area . Out of thi s d i vers i ty of opi n i on s , the 
di s c u s sants argued for a sol u t i on that pres erved the Great Knob ' s  v i sual  and 
archi tectural i n tegr i ty ,  mi n i mi zed the l os s  of archaeo l ogi cal  i nformati on , and 
was l ong-term i n  natu r e .  

Background 

The Great Knob i s  under l a i d  by natural submound depo s i ts  that are associ ated 
wi th a re l i c t  channel  bar comp l ex  of the Mi s s i s s i ppi Ri ver , as  we l l  as  more 
recent s l ackwater s ed i ments and overbank depos i t s of Cahoki a Creek , the major 
drai nage i n  the Ameri can Bottom . A l though matri x textures of these materi a l s 
are predomi nan t l y  sands , l oamy s i l ts and c l ays are a l so  pres ent , parti c u l arly 
in  near-su rface pos i ti on s . These  natural depos i ts are superi mposed by 
premound anthropogen i c accreti ons of varyi ng thi ckne s s . 

It i s  hypothes i zed that con s tructi on began duri ng the l ate Emergent 
Mi s s i s s i pp i an peri od ( A . D .  950) wi th the bu l k  of the present mound comp l eted 
by the end of the i n i ti a l phase of the Mi s s i s s i ppi an peri od ( A . D .  1 050) . Thi s 
wou l d  i nc l ude  the vast majori ty of the fi l l  to the north of the so-cal l ed 
fi rst terrace . Subsequent add i t i on s  conti nued throughout much of the 
Mi s s i s s i ppi an peri od unti l ca. A . D .  1 250 or earl i er .  These add i t i on s  
con s i s ted of a s equence of v e n e e r  c a p s  on t h e  thi rd a n d  fourth terrace s ,  
compl eti on o f  the fi rst  terrace , and a l so of s econdary mounds on the 
southeastern corner of the th i rd terrace and the western end of the fi rst  
terrace [ 7 ] . E l i te bui l di ng s ,  free-standi ng wal l s ,  and  l arge posts  have  been 
i denti fi ed through excavati on [ 8- 1 1 ] .  They are as soci ated wi th the uppermos t  
pl anar s u rfac e s . Toward the end of the Mi s s i s s i ppi an peri od a dome s t i c  
structure was present o n  t h e  fi rst  terrace s econdary mound wi th refu s e  
di stri buted around i t s peri phery ,  i nd i cat i ng t h e  great l y  d i mi n i shed ceremon i a l 
status of the fac i l i ty [ 1 2 ] . 

A number of cori ng and excavat i on proj ects have demon s trated that the 
mound i s  composed enti r e l y  of read i l y  avai l ab l e  earthen materi a l s [ 1 3-2 1 ] .  
Furthermore , i t  i s  ev i dent that there were deci s i on s  made as  to the s e l ect i on 

Fi g .  2 - The l ocat i on of the Great Knob wi thi n the Cahoki a Si t e .  



Fi g .  3 - Late ni neteenth 
century depi c t i on of the Great 
Knob.  

F i g .  4 - Topograph i c  map of 
the  Great Knob wi th s l umps 
i nd i cated . 
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and pl acement of materi a l s wi th i n  the mound . I ndeed , far from bei ng j u s t a 
pi l e  of d i rt ,  the Great Knob was constructed wi th mechani cal  and engi neeri ng 
con s i derati on s  i n  mi nd ; i n  other word s , detai l ed p l ann i ng was u s e d . 
I nternal l y ,  a s eri e s  of mas s i ve s i l ty-c l ay to c l ayey-s i l t  fi l l  uni ts  were 
emp l aced , wi th upper s u rface s  s l opi ng to the exter i o r .  I n  mos t  c a s e s  these 
were covered wi th coar s e r  mater i a l s that wou l d  have functi oned as i nternal 
drai n s  to remove atmospheri c water before i n fi l trat i on i nto the core 
sedi ments . Pudd l ed c l ay fac i ngs may a l so  have been present to faci l i tate 
runoff . Retai ni ng buttres s e s  were i ncorporated i nto the i nternal structure of 
the mound , as wel l as bei ng emp l aced externa l l y  a l ong the south ern and western 
peri pheri es [ 22-24] . 

The efforts expended on engi n eeri ng suggest an unders tand i ng of the 
prob l ems i nherent i n  earthen constructi ons of thi s magni tude i n  humi d ,  
mid-l ati tude c l i mati c reg i me s . The bas i c  prob l em concerns the materi a l s 
thems e l v e s . A s i gn i fi cant port i on of the mound mas s  i s  composed of smecti te 
c l ays wi th a h i gh s h r i nk-swe l l capaci ty and l ow hydrau l i c  conducti v i ty .  When 
wet ,  these c l ays d i s p l ace  more vol ume than i n  the d ry cond i ti on ,  whi l e  they 
contract and tend to c rack upon d ryi ng . The con s equences of repeated epi sod es 
of dryi ng and wett i ng are obv i ou s : They produce great i n stabi l i ty .  Gi ven a 
h i gh l oc a l  water tab l e  and an annual average of over 65 , 000 m3 of 
prec i pi tat i on on the s u rface of the mound , conti nual  water control was 
essent i al for mai ntenanc e .  

The degree of s u c c e s s  of the prehi s tori c engi neeri ng can be meas u red by 
the l ong-term s tabi l i ty of the mound . Wi th the excepti on of the prehi stori c 
s l umpi ng evi denced by the two east l obes on a s i d e  where no buttres s i ng was 
presen t ,  for a mi l l en n i um no maj or fai l ures occurred i n  spi te of the 
i n stabi l i ty of materi a l s and enormous  mas s and surface area of structure . The 
questi on i s  why i s  i t  fai l i ng now? 

In the j udgement of the au thors , the mos t  l i ke l y  s c enari o suggests that 
the rapi d sequence of recent fai l u res i s  associ ated wi th mod ern changes i n  
groundwater l ev e l s .  F rom the 1 940s to the earl y  1 960s , water u s e  by l ocal  
i ndustri e s  was of s u c h  a magn i tude that groundwater tab l es i n  the enti re 
northern port i on of the Ameri can Bottom were l owered drasti cal l y  to the poi nt 
where many we l l s  went d ry .  By the l ate 1 960s , water tab l e s  began to ri s e  
agai n due t o  recyc l i ng a n d  i nd u s tri a l  c l os i ngs a n d  wi th i n  a decade were 
approachi ng thei r former l eve l s .  I n  respon s e  to the i n i ti al dropp i ng of the 
water tabl e ,  the l ower core of the mound dri ed out for the fi rst  t i me ,  where 
prev i ou s l y  i t  had been wetted by capi l l ary acti on to a hei ght of up  to 1 0  m. 
Con sequent l y ,  th i s  porti on of the core contracted and probab l y  devel oped 
cracks at numerous l ocati ons . Thi s shri nki ng of the core wou l d  a l so have 
d i s rupted the i n tegri ty of hi gher parts of the con s t ruct i o n ,  i n c l udi ng the 
drai n s  and mas s i v e  fi l l  uni ts . The expan s i on of the core due  to rewett i ng 
exac erbated thi s prob l em .  Wi th the i n ternal drai n s  no l onger functi on i ng 
effi c i e n t l y  and c racks i n  the c l ay core , mas s i v e  fi l l  uni ts , and c l ay caps , 
i ntrusi on and retenti on of atmospheri c water i nc reased d ramati cal l y .  As a 
resu l t  of thi s i n s tabi l i ty ,  fai l u re and s l umpi ng occ urred . The preh i s tori c 
p l anni ng that had been s u c c e s s ful  for centu r i e s  had not taken i nto 
con s i derat i on modern changes i n  the water tab l e .  

Proposed Stabi l i zati on Remed i e s  

Ana l ys i s of the geotec hni cal  engi neeri ng data i nd i cated three areas i n  wh i ch 
acti on cou l d  be taken to stabi l i ze the c urrent mound confi gurati on : ( 1 )  
reduce the i n ternal s eepage pressure s ; ( 2 )  modi fy the mound geometry ; and /or , 
( 3 )  mechani cal l y  rest rai n the s l ope [25] . Hav i ng estab l i shed the broad er 
parameters wi thi n whi c h to frame a speci fi c remedy to the s l ope fai l ures , more 
detai l ed methods of i nterventi on were i nvesti gated for pos s i b l e u s e  [ 26] . 
Each of these methods i ncorporated one or more of the three s tabi l i zati on 
pri nci p l es noted abov e .  

A number o f  sol u t i on s  were based o n  the concept o f  " toe- l oadi ng" o f  the 
s l ump i n  wh i ch we i ght i s  phys i cal l y  added to the outward end of the s l ope to 
res i st movement . These methods vari ed from a comp l ex  benchi ng program to 
s i mpl e toe- l oad i ng .  Benchi ng the mound wou l d  begi n wi th the add i t i on of fi l l  
to create a base berm at l east  1 5  m i n  wi dth . S l op i ng fi l l  wou l d  be added to 
form the base for another berm hi gher up s l ope and so forth up the mound 
s i de s . A granu l ar d rai nage b l anket wou l d  be pl aced under the fi l l  to ensure 
drai nage . A vari ati on on thi s program wou l d  s i mp l y  add fi l l  to the mound 
surface to l es s en the ang l e  of the face thus c reat i ng a fl attened , more 
stab l e ,  s l op e .  Whi l e  hav i ng a h i gh s u c c e s s  potenti a l , these sol uti on s  wou l d  
create a severe i mpact on the mound ' s  v i s ua l  appearance . A mod i fi ed versi on 
of these techni q u e s  wou l d  s i mp l y  be the add i t i on of a toe-berm, about 1 5  m 
wide  and 6 m h i gh ,  around the base of the mound . Whi l e  the v i sual  effect 
wou l d  be l e s s ened , i t  wou l d  l eave the upper parts of the mound subject to 
l oca l i zed s l ump i ng .  
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Other proposed methods of restrai ni ng the movement of the mound base 
i nvol ved the con structi on of retai ni ng wa l l s .  Ti ed-back retai n i ng wal l s  are 
h e l d i n  p l ace by anchors dri l l ed back i nto the mound , whi l e  a more 
conventi onal wal l wou l d  be dug i nto the ground around the bas e .  Both types  
wou l d  requ i re the add i t i on of fi l l  to  protect the upper mound s l opes , i mpede 
al ready poor d rai nag e ,  and i nvol v e a great d i stu rbance of archaeo l ogi cal  
v i l l age depos i ts around the mound as  we l l  as of the mound matri x .  The v i s ual  
i mpact of retai n i ng wal l s ,  however , cou l d  be kept to a mi n i ma l  l ev e l . 

Mechani cal  restrai nt of the s l ope cou l d  a l so  be achi eved by phys i cal l y  
"nai l i ng" the mound matri x i n  p l ace o r  by rep l ac ement o f  some matri x .  Thi s 
cou l d  be done by dri v i ng or dri l l i ng pi l i ngs or pi ers through areas of s l ope 
fai l ure or potenti a l  fai l ure . Such structural features cou l d  range from c a .  
1 -m-wi de  crushed s tone col umns t o  5-cm cyl i ndri cal  rod s o r  ang l e i ron . A more 
drasti c measure wou l d  be to excavate and remove l arge port i on s  of the l ower 
mound fi l l  and rep l ace  i t  wi th crushed rock,  both to s trengthen the structure 
and as s i s t i n  drai nage . The advantage of nai l i ng or matri x repl acement 
techn i qu e s  i s  that they have no v i sual  i mpact on the mound and some , such as 
those i nc l udi ng crushed s ton e ,  a l so faci l i tate i nternal drai nage . Yet the 
i nternal damage to the archaeo l ogi cal  i ntegri ty of the mound wou l d  be severe 
i n  most  i n s tances . 

From the i ncepti on of the s l ope fai l ures i t  had been c l ear that the 
pri mary source of the prob l em was water saturati on of the mound matri x .  A 
number of propos ed sol u t i on s  thus  i ncorporated water removal techni q u e s  as  
ei ther a pri mary or s econdary aspect of thei r program . Pri mary drai nage 
techni ques  i nc l uded the u s e  of dewateri ng wel l poi nts , i n terceptor trenches 
and drai n s , s tone trenches , hori zontal drai nage tunne l s  or wi cks , and sand or 
wi ck drai n s . The most  ambi t i ou s  program cal l ed for the i n stal l ati on of 
numerous we l l  poi nts , both i n  and around the mound , to remove groundwater thus  
rel i ev i ng the i nterna l pore pre s s u r e .  Such a sol ut i on wou l d  i nc u r  l ong-term 
operati ng expen s e s , i nvo l ve d i s tu rbance of the mound and adj acent c u l tural 
depos i ts for e l ectri cal  and mechan i cal  sys tem i n stal l at i o n ,  wou l d  not 
strengthen the areas of s l ope fai l ure , and wou l d  proba b l y  have to be  u s e d  i n  
conj uncti on wi th some method of mechani cal  res trai n t .  

The excav at i on o f  deep i nterceptor trenches i nto t h e  zone o f  t h e  fai l ure 
p l ane wh i ch wou l d  be  fi l l ed wi th crus h ed stone and contai n d rai n pi pes wou l d  
accompl i s h two purpo s e s . The crus hed stone wou l d  strengthen the s l ope whi l e  
the d rai n s  wou l d  remove e x c e s s  water . I t  i s  a l so pos s i b l e that s i mpl e 
stone-fi l l ed trenches wi thout drai n s  wou l d  s erve the same purpos e .  As i n  many 
other method s , the i mpact on the archaeo l ogi cal  depos i ts and mound matri x 
wou l d  be very h i gh .  

Other dewateri ng methods that were more sympatheti c to the archaeo l ogi cal 
i ntegri ty of the s i te i n c l uded the i nstal l at i on of verti cal  or hori zontal sand 
or wi ck drai n s . Sand d ra i n s  are s i mp l y  1 5-cm-wi de , sand-fi l l ed bore hol e s  
that p a s s  through the s l op e  fai l u re pl ane a n d  s erve t o  carry off e x c e s s  
wat e r .  A fai r l y  n ew methodol ogy avo i d s  the neces s i ty of dri l l i ng through t h e  
u s e  of a s heath t o  i n sert syntheti c wi ck d rai ns i nto the soi l .  T h e  wi ck 
drai ns are on l y  1 0-cm-wi de  and 1 . 2-cm-thi ck.  L i ke the sand  d rai ns , they serve  
to carry off e x c e s s  water from the mound i nteri or . Both of these dewateri ng 
techni q u e s  appear to have the advan tage of be i ng l ow-i mpact sol u t i on s  to the 
prob l em of e x c e s s  groundwater.  Unfortunate l y ,  nei ther addres s e s  the need to 
strengthen the areas of present or future s l ope fai l ure s .  

I n  eva l uati ng the pos s i b l e  i mp l ementati on of any of these proposed 
sol u t i ons , pri ori t i e s  needed to be estab l i shed to gu i de our dec i s i on-maki ng 
proc e s s . I t  was c l ear from the outset that pres ervati on i n  p l ace through 
stabi l i zati on was our mi s s i on .  Gi ven thi s context , more speci fi c pri ori t i e s  
can b e  s ummari zed as  fol l ows : ( 1 )  The sol uti on cannot negat i v e l y  i mpact the 
archaeol og i ca l  i ntegri ty of the mound or associ ated v i l l age area , ( 2 )  shou l d  
mi n i mi ze v i sual  i mpacts , ( 3 )  mu s t  have a sound geotechni cal  bas i s and a very 
h i gh probab i l i ty of s u c ce s s , ( 4 )  s hou l d  addres s  both the cu rrent and future 
causes of s l umpi n g ,  and , ( 5 )  mu st  be economi cal l y  j usti fi ab l e .  

I n  add i ti on ,  i t  was c l ear from the geotechni cal  stud i es that though the 
s l ump i ng was pri mari l y  due to excess  pore water pressures  acti ng on the 
fai l ure s urfac e ,  our l ack of knowl edge about the groundwater cond i t i on s  a l ong 
that s u rface cou l d  not e n s ure that d rai nage a l one wou l d  be  a s uffi c i ent 
remedy . The engi neers recommended that some form of mechani cal  stabi l i zati on 
be u s ed i n  comb i nati on wi th a d rai nage techn i que  for greater rel i abi l i ty .  

Based on these pri ori t i e s  techn i qu e s  s u c h  as s tone pi ers and col umn s , 
retai n i ng wal l s ,  matri x repl acement , and i nterceptor trenches were rej ected 
becau s e  of the exces s i ve d i s tu rbance to the archaeo l ogi cal  depos i ts and the 
l arge amount of mound matri x that wou l d  need to be removed . The negat i ve 
v i sual  i mpact of the add i t i on of l arge amounts of fi l l  and d rasti c changes to 
s l ope ang l e s  ru l ed out benche s , s l ope fl atten i n g ,  and toe berms . Hel l poi nt 
dewateri ng was con s i d ered to be too expen s i ve and of uncertai n val u e  due  to 
the l ow rates of hydro l ogi c conducti v i ty wi th i n  much of the mound matri x .  
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The u s e  of a sys tem of wi ck drai n s  and smal l d i ameter soi l pi n pi l e  
patterns appeared to be a potenti a l  sol uti on . Thi s combi nati on s eemed to 
answer a l l of ou r needs wi th a mi n i ma l  i mpact on the archaeol ogi cal  resources , 
i . e . , no v i sual  i mpac t ,  sound engi neeri ng addres s i ng both the remova l  of 
excess water and prov i d i ng mechan i cal  restrai nt , and economi c feas i b i l i ty .  
Further detai l ed p l anni ng o f  thi s sys tem was authori zed . 

Both the wi ck d rai n s  and pi n pi l es are new techni ques i n  the Uni ted States 
wi th few contractors hav i ng the experti s e  or equi pment to perform the work . 
To be mos t  res i s tant to deteri orati on , pi n pi l es cons i s t i ng of epoxy-coated 
steel rod s or ang l e s  are p l aced i n  predri 1 1 ed 1 5- cm hol es and pressure grouted 
wi th 3000-4000 p s i  concrete . Maxi mum effi c i ency i s  gai ned when pi l es are 
c l u stered i n  speci fi c l ocati ons t i ed together at the surface wi th a 1 . 2- x 
0 . 9-m concrete cap . These c l u s tered pi n pi l es mu st  achi eve a dens i ty of one 
per l i neal 0 . 3  m of cap and mus t  reach b e l ow the mound fi l l  i nto the natural 
subsurface c l ays and s ands , i . e . , over 1 5  m i n  some cases . At l east  two 
conti nuous wa l l s  of pi n pi l es wou l d  be necessary to s tabi l i ze the current 
s l ump areas . The data on hand were not s uffi c i ent for the engi neers to 
i ndi cate a more spec i fi c  pattern for the wi ck drai n i n stal l ati on beyond that 
of an arbi trary gri d l ayout contai ni ng about 1 , 000 wi ck d rai n s . Maj or 
constructi on berms wou l d have to be p l aced on the mound face to enab l e the 
equi pment to p l ace the pi n pi l e  wal l system and wi ck d rai n s . E s t i mated cos t 
for stabi l i zati on of the major west s l ump was approx i mate l y  one mi l l i on 
dol l ars and s even hundred thous and dol l ars for the smal l er east s l ump . 

Conc l u s i on s  

T h e  archaeo l ogi c a l  res earch at t h e  Great Knob made i t  apparent that t h e  mound 
was e s s enti a l l y  comp l eted i n  the s hort time span between A . D .  950 and A . D .  
1 050 and was l arge l y  compri sed o f  mas s i ve fi l l  uni ts  rather than smal l 
add i ti ve l ayers . It was a l so  d i s covered that an i nternal system of 
buttres s i ng and d rai nage p l anes , as wel l as external buttres s e s , had been 
i nc l uded as part of the ori gi nal mound de s i gn .  The exami nati on of the 
hi stori cal  documentati on had i mportant res u l ts . Despi te exi sti ng fol kl ore 
suggest i ng that past eros i on ,  deforestat i on , c u l ti vati on , and other factors 
had d ramati c a l l y  a l tered the mound ' s  s hape , our study showed there had been 
l i tt l e change s i nce  i ts depi c t i on i n  the ear l y  1 BOOs .  

The engi neeri ng s tudy col l ected i nformati on from a number of sources 
i nc l ud i ng cores , backhoe trenches , and p s i ometer and i nc l i nometer tests . Thi s 
study col l ected data on groundwater content and d i stri but i on , matri x materi a l  
characteri zati on , mound stabi l i ty ,  a n d  prehi s tori c con s tructi on techni ques . 
Unfortunat e l y ,  the data were not speci fi c enough to determi ne  the prec i s e  
cau s e  of t h e  s l ope fai l ures , a l though i t  was c l ear that t h e  u l ti mate prob l em 
was water s atu rated soi l .  Based on thi s general i n formati on ,  a seri es  of 
engi neeri ng sol u t i o n s  were proposed to stop the s l umpi ng .  These proposed 
methods were i n  turn eval uated as  to thei r i mpact on the Great Knob as an 
archaeo l ogi cal  database and archi tectural monument .  

The i s sues  taken i n to con s i derat i on i n  determi n i ng a cours e of acti on 
i nc l uded the i mportance of the mound as a data source on prehi s tori c c u l ture 
hi story and con structi on techni ques , as "monumental archi tecture , "  i t s 
i nterpreti ve and symbo l i c  val ue i n  presenti ng the s i te to the publ i c ,  and i ts 
v i sual i mportance as part of the preh i stori c an� modern c u l tural l ands cape . 
Our pri mary d i l emma i n  determi n i ng a course of acti on focu sed on the fact that 
a 1 1  of the engi neeri ng opti ons to " save" or " preserve" the mound appeared to 
have a more negat i v e  i mpact than fol l owi ng a " no act i on "  course . I n  
comparab l y  eval uati ng these often confl i cti ng val ues w e  bel i eve that , for the 
mome n t ,  the preferred approach i s  to manage pas s i v e l y  the s l umpi ng unti l a 
permanent sol ut i on to the prob l em can be found . In the meanti me ,  the IHPA has 
conti nued to mon i tor the s l ump zones both v i sual l y  and i n s trumenta l l y .  I n  the 
a l most f i v e  years s i nce the i n i ti a l onset of the mas s i ve west s l ump there has 
been no movement . Gi ven thi s apparent stabi l i zat i on i t  i s  evi dent that , i n  
th i s  i n stan c e ,  the pas s i ve management dec i s i on ,  when coupl ed wi th exten s i v e  
support i ng engi neeri n g ,  archaeol ogi ca l , and hi s tori cal  documentati on ,  h a s  been 
succes s fu l . 
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ABSTRACT 

The purpose of this paper is 
to inform you of our recent 
experiences in the use of or­
ganic aglutinating substan ­
ces as an alternative to the 
use of plastic chemicals in 
the preservation of the ear­
-then architecture at the site 
of Chan Chan, the capital of 
the Chimu Empire (9th - 15th 
C. A.D. ) .  The subjects 
addressed will be surface 
consolidation, structural 
reinforcement, and the pro­
tection of the tops of walls . 
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A partir de 1974 , el INC y la UNESCO, han efectuado labores de conservacion en 
Chan Chan. Por falta de recursos tecnicos y financieros estas han sido , en su 
generalidad, llevadas a cabo a nivel emplrico en el mismo monumento , sin tener 
la posibilidad de realizar un control sistematico y riguroso, ni los analisis 
flsico-qulmicos in situ. 19ualmente, estas limitaciones no han permitido imple 
mentar programas:rntegrales de conservacion y prevencion. No obstante , la expe 
riencia de campo ha aportado conocimientos y soluciones al problema de conser� 
vacion, con resultados muy positiv�s que son materia de este documento. 

FACTORES DE DEGRADACION 

Un complejo conjunto de facto res de degradacion se presentan interactuando per 
manentemente en Chan Chan ( 1 ) .  Su proximidad al mar (1000 m. de distancia) fa 
vorece una fuerte concentracion de sales higroscopicas transportadas por los -
vientos y depositadas sobre las estructuras (0.54% ClNa-O.Q9% S03Na) (2) ; es -
tas tambien se encuentran contenidas en los materiales de las edificaciones 
(0.84% ClNa/0.74% S03Na prom. ) (3)  y en el subsuelo (36 . 48/67.53 milhimos/cm) 
(4) . Las sales se activan con la humedad relativa ambiental (84%) (5 ) ,  las pre 
cipitaciones pluviales (garua, lluvias) y la fluctuante napa freatica , que , en 
combinaciOn con los cambios termicos , causan danos irreversibles en el monumen 
to: Formacion de costras , eflorescencia y cristalizacion de sales y finalmente 
exfoliacion. Ademas , la humedad ambiental favorece la formaciOn de llquenes , y 
las precipitaciones pluviales , particularmente las clclicas de caracter torren 
cial , producen severos efectos erosivos y causan empozamientos al interior de 
los recintos .  Ademas, debido a la ausencia de una barrera rompevientos natural 
la violenta accion erosiva eolica desvasta mayormente cabeceras y paramentos 
de cara al lit�ral.  

Finalmente, a estos factores se anaden, la mala calidad de albaftilerla de cier 
tas estructuras , un suelo de soporte debil con resistencia diferencial en algu 
nos sectores (basado fundamentalmente en rellenos artificiales de basura y de 
sechos de construccion) y las vibraciones imprevistas de los movimientos tecto 
nicos que han causado mas de un derrumbe y trituracion de muros. (6)  

CONSERVACION DEL MONUMENI'O 

Antecedentes 

Los programas de conservacion se orientaron a controlar el proceso de deterio­
ro y la accion de los agentes naturales teniendo los siguientes niveles de in­
tervencion (7) : 

a. Refuerzos estructurales . 

b. Proteccion de cabeceras de muros como punta crltico en la preservacion de 
estructuras mediante la aplicacion de una capa de mortero estabilizado compues 
to de : Arena gruesa y tierra (2 : 1 )  y Mowilith DM-lH (Acetato de Polivinilo en 
Solucion) al 5% y 10% en agua. El objetivo fue obtener una capa poco permeable , 
resistente a la erosion pluvial y al temperismo , complementado con pIanos in -
clinados para facilitar el discurrimiento pluvial hacia sectores del muro me -
nos comprometidos con decorados en relieve. 

c. Consolidacion a nivel de fijacion de enlucido-muro y relieve-enlucido , me 
diante Mowilith DM-lH al 5% en agua; y la fijacion de superficies y policro � 
mias con Silicato de Etilo 40 disuelto en alcohol etllico de 96% y acido clo -
rhldrico. Previamente se habla experimentado con soluciones acrllicas , Aceta -
tos de Polivinilo, Metracrilato, Nylon Soluble, etc . 

d. Instalacion de una red de drenaje para la evacuacion rapida y eficaz del 
agua pluvial . 

Las lluvias torrenciales del ano 83 sometieron a la mas dura prueba este tra -
tamiento, el que en su generalidad arrojo una respuesta favorable. La capa de 
proteccion de cabeceras impidio la absorcion y filtraciones de humedad al inte 
rior de las estructuras y anulo la accion de las sales depositadas en elIas . -
Las superficies tratadas a base de Silicato de Etilo 40 no presentaron erosio­
nes. De otra parte , se evitaron danos por humedad capilar debido a un eficaz 
funcionamiento de la red de drenaje instalada en el Templo Arco Iris. Sin em 
bargo, los consolidantes qulmicos de naturaleza plastica presentaron inconve� 
nientes : 
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a. Su empleo en superficie form6 una pelicula impermeable p�r efecto de una ra 
pida evaporacion, que finalmente se exfolio debido a la accion de la humedad y 
las sales contenidas en la estructura. 

b. En las cabeceras de muros se crearon varios problemas . La impermeabilidad 
de esta capa anulo la capacidad de respiracion del muro y evaporacion de la hume 
dad contenida, produciendose activacion de sales higroscopicas bajo esta con de 
terioro del original . Su rigidez y poca capacidad de absorcion, formo , de un la 
do , una resistencia diferencial con el original ; y del otro, un incremento de -
la velocidad del discurrimiento pluvial ,  que , acentuado p�r los declives natura 
les 0 artificiales, produjo una severa erosion en el punto de contacto entre am 
bas superficies y determinados sectores de las estructuras . 

-

Intervencion 1987-89 

La experiencia prevista nos condujo a reformular algunas acciones de la inter -
venci6n y a plantear nuevas alternativas , particularmente en relacion al tipo 
de consolidante ; partiendo de la consideracion que el tratamiento no debe anu -
lar las propiedades de permeabilidad de las estructuras , y debe contar con re -
sistencia al intemperismo . De tal manera , era preciso emplear un consolidante 
con propiedades de cohesion, plasticidad y resistencia a la compresion y que 'permi­
ta mantener la porosidad de los materiales . 

Los criterios de intervencion, ademas de los predichos inicialmente , incluyeron : 

a. Considerar el caracter irreversible de los consolidantes quimicos de natura 
leza plastica y su efecto en la estructura molecular del barro. 

-

b. Emplear sustancias consolidantes compatibles con la naturaleza del barre y 
las condiciones basicas de un adecuado tratamiento de conservacion. 

c .  Orientar la intervencion hacia un tratamiento mec§nico de proteccion y 
prevencion contra agentes naturales. 

1. Materiales 

Como sustancia consolidante , optamos p�r emplear mucilago de tuna (Qpuntia ficus 
indica) usado tradicionalmente en las construcciones de tierra y en la restaura 
ci5n de Chan Chan en los anos 60. Previamente apreciamos que esta sustancia ha 
tenido una buena respuesta como aditivo en morteros para recomposiciones de fri 
sos en Tschudi , y no ha producido problemas de alteracion del material . 

-

Los mucilagos son esteres de acido sulfurico (polisacarido complejo) ,  conteni -
das en las celulas vesiculares de los tejidos parenquimaticos de la Tuna. Son 
insolubles al agua , pero tienen capacidad de absorverla y retenerla ; en contac­
to con esta forman soluciones viscosas . Complementariamente las pectinas que se 
relacionan inti mamente con elIas y las gomas , forman sustancias coloidales que 
se convierten en jaleas . (8)  

Esta sustancia mucilaginosa , tiene propiedades de conglomeracion, ademas inhibe 
y selecciona germenes , p�r 10 que su uso favoreceria la consolidacion de mate -
riales y se evitaria la formaci6n y proliferacion de bacterias y liquenes . 

La extraccion de mucilago se efectua de la siguiente manera : 350 gr . del inte -
rior de la hoja cortada , remojada en 0.5 Its. de agua natural durante 24 hrs . Es 
ta sustancia se mezcla con agua natural al 5%-10% a fin de rebajar su densidad 

-

y lograr su aplicacion y buena penetracion en el muro (3 cm. promedio ) .  Su tiem 
po de utilidad se extiende a solo 48 hrs . a partir de su remojo inicial ; pasado 
este tiempo , sus celulas entran en estado de descomposicion y pierde el 85% de 
su viscosidad. 

Esta sustancia , en solucion al 5%, ha side empleada como consolidante y como adi 
tivo para morteros , en las proporciones siguientes : 

-

Cuadro 1 

TIPO DE MORTERO 

- R£'sarH�s enlucido! a 
- Resanes enluridos b 
- Resanp5 Fnlucidos c 
- Asentado de �dobes 

- Estu(o 
- Capa Pratec . Cahpc�ras 

Arr i l l a  

gr. 

33� 

Ti�rra 

33�. 

333 

333 

333 

333 

! t) Proporri ones e5ti�adas can un targeT! de error . 1  10! 

PRGPORCI DNES MATER!�L ( t ) 

Arena Find �rena SruE'Ser Cord iti!1o  Muc11agn 51 
gr . gr.  (Piedra 5 �l . ) I t .  

9r . 

bbb O.2S 

999 0 . 25 

bbb 0.25 

bob 

b06 333 0 .. 25 
bbb m n 0< ... ... .J 
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2. Tratamiento : 

Los niveles y procedimientos de la intervencion continua ron siendo los mismos , 
con modificaciones parciales que se indican en cada rubro. 

a. Refuerzos Estructurales : 

Tuvieron los siguientes lineamientos: Consolidar y estabilizar la estructura co 
lapsada 0 en proceso; anular la exposicion del interior de la estructura a los 
fenomenos del intemperismo; y ,  crear barreras rompeviento y clausura de accesos 
no originales como medida de prevencion ante la fuerza erosiva eolica y el 
trans ito indiscriminado del turismo. 

El procedimiento consistio en la limpieza de los escombros y la eliminacion de 
los materiales salinos y sueltos. Se efectuaron calzaduras de las bases, ademas 
de recomposicion de los vaclos y reforzamiento de cabeceras. Los paramentos fue 
ron elevados hasta alcanzar el nivel de estas , dejandolos aptos para el trata� 
miento de proteccion. Se utilizaron adobes de forma y composicion semejante a 
los originales , y la tecnica de albanilerla siguio el patron arqueologico em -
pleando mortero segUn las proporciones dadas en el Cuadro 1 .  Las superficies 
de las partes agregadas fueron cubiertas con un estuco que incluye confitillo y 
mucilago (Cuadro 1 ) ,  con 10 que se obtuvo una superficie bastante plastica y ru 
gosa que se integra, sin confundirse con el original . 

-

La intervencion tambien considero la reposicion de secciones de paramentos des 
plomados , mediante el uso de puntales que iban devolviendolas paulatinamente a 
su posicion original . Se utilizaron llaves de amarre de algarrobo y adobe ( se­
gUn el caso) , ademas de mortero, con el proposito de fijarlos a la estructura 
solida. 

Como medida de prevencion contra la accion eolica , se levantaron al�os muros 
orientados de Este a Oeste, hasta la altura de la evidencia arqueologica; de 
tal manera se devolvio la barrera rompeviento original que protegla un impor -
tante sector decorado del palacio Tschudi . 

b .  Proteccion de Cabeceras de Muro : 

Intervencicn destinada a controlar filtraciones , excesivo humedecimiento, ero 
si6n pluvial ,  penetracion de sales higroscopicas y la abrasion eolica en las

-
ca 

beceras originales. Ademas de los criterios referidos anteriormente al uso de­
consolidantes , la intervencion se oriento a anular los fuertes planos inclina -
dos , adecuando las cabeceras de manera tal ,  que permitan una distribucion homo 
genea del agua de lluvias , con una absorcion y discurrimiento normal en toda Ia 
extension de la estructura, eliminando con ello, su concentracion y fuerza era­
siva. 

El procedimiento consistio en la preparacion de la superficie original luego de 
la eliminacion de materiales sueltos , costras , y el material del tratamiento an 
terior. Se extranjeron las sales con papetas de papel absorbente humedecido con 
agua destilada y alcohol al 5%, y se consolidaron las superficies con mucl1ago 
al 5%. Posteriormente se aplic6 la capa de protecciOn, consistente en uno 0 dos 
tendidos de adobes modernos , y sobre esta, el mortero de barro con mucl1ago al 
5% (Cuadro 1 ) .  Una vez deshidratada , se cubrio la superficie con un aguaje de 
arcilla bastante l1quida, con el objeto de eliminar la porosidad gruesa produ­
cida por la presencia del confitillo; asl como para uniformizar el color de la 
superficie del conjunto trabajado. Esta capa, de naturaleza reversible , es la 
que resistira los embates de la naturaleza, previniendose, asl , la degradacion 
del original . 

En los casos de muros decorados con rombos , solamente se coloc6 una capa de ado 
bes, siguiendo el diseno de la decoracion, y tinicamente en donde se presentaron 
buenas condiciones de estabilidad y resistencia estructural .  Esta capa, actuan­
do literalmente como una cubierta, reemplaza al mortero de proteccion, siendo 
tambien, totalmente reversible. 

c.  Consolidaci6n de Enlucidos y Relieves : 
Considera . la adherencia de estucos y relieves desprendidos 0 en proceso al muro 
soporte ; y ,  el resane de grietas y vaclos. 

Efectuamos inicialmente la limpieza general de las superficies , retirando el ma 
terial grueso de escombros, las chorreras y adherencias finas acumuladas por 
deslizamientos de barr�. Las sales se eliminaron con la misma tecnica descrita 
para las cabeceras. Los desprendimientos fueron adheridos al muro mediante in­
yeccion de mucl1ago en solucion al 5%-10%; y tambien insertando mortero con mu­
cl1ago bastante licuoso. 

De otra parte , las grietas y vacios fueron resanados con mortero (Cuadro 1 )  a 
plicado en dos capas y humedeciendo previamente el area con mucl1ago. La prime 
ra con arena gruesa, dejando una textura irregular a fin de facultar la adhe � 
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rencia de la segunda ; y luego esta , con materiales finos , a la que se Ie dio un 
acabado de textura regular luego de la deshidratacion. 

d. Proteccien de Estructuras : 

La medida adoptada para evitar la degradacion por factores medio-ambientales y 
tambien de orden turistico, fue la proteccian de los paramentos de banquetas y 
las rampas con un muro moderno a distancia de 0.20 mts. respecto al original , y 
una capa de adobes , respectivamente . De otra parte , los pisos arquitectOnicos 
fueron protegidos con su propio material de escombro, cuyas superficies se ade­
cuaron con pIanos inclinados hacia puntos centrales alejados de las estructuras 
a fin de que el agua evacue hacia espacios abiertos y no se acumule contra los 
muros . Esta intervencion es complementaria a la red de drenaje. 

OJMENTARIO 

Llegar a conclusiones sobre la respuesta del tratamiento general y el comporta­
miento del mucilago a los tres anos de la intervencion, es bastante prematuro. 
Sin embargo , informaremos sobre los resultados de corto plazo bajo condiciones 
climatologicas normales . 

Los refuerzos estructurales han solucionado problemas de estabilidad de muros , 
y se ha logrado una efectiva proteccion de la estructura interna expuesta por 
derrumbes y otros . De otra parte , la proteccion de paramentos con muros moder­
nos , ha garantizado la prevencion de danos por intemperie y permitido sa�isf� 
cer exigencias de orden turistico , por cuanto se mantiene la configuracion a£ 
quitectonica del sector intervenido . 

El tratamiento de las cabeceras ha sido optimizado , aunque no se presenta como 
una solucion concluyente . La ventaja de esta tecnica en su conjunto , es que 
mantiene la permeabilidad del muro, debido a que el mucilago no altera la poro 
sidad de los materiales. De esta manera, la inevitable migracion y cristaliza= 
cion de sales contenidas que se produce en el nivel superior de las cabeceras 
afectara solo los materiales modernos que pueden ser facilmente reemplazados . 

La anulacian de los pIanos inclinados ha permitido evitar la concentracion y 
evacuacion peligrosa del agua y las fuertes erosiones en determinados puntos 
de la estructura , habiendose dado mas bien, una absorcion homogenea en toda la 
superficie de las cabeceras debido a su capacidad de permeabilidad; facultad 
que , agregada a la ausencia de rigidez , ha evitado las erosiones a nivel del 
contacto entre la capa de proteccion y la superficie original , asi como tam _ 

bien un discurrimiento acelerado y total del agua pluvial que conllevaria acu­
mulaciones en las bases de muros y una consecuente accion capilar . 

El inconveniente que presenta este mortero en el tratamiento de estructuras , es 
su relativa resistencia a la erosion pluvial.  Las mezclas que incorporaron muci 
lago como mordiente respondieron mejor a las lluvias estacionales normales ; 56 
10 se presentaron leves erosiones con un minimo de perdida de material fino . -
Por 10 tanto debemos preveer su poca resistencia frente a lluvias de caracter 
torrencial que debera ser salvada con elementos eventuales de proteccion (te _ 

chumbres portatiles , plasticos , etc . ) .  

En cuanto al tratamiento de superficies , la adherencia de enlucidos y relieves 
al soporte ha dado resultados positiv�s • Los resanes de grietas y vac10s han 
complementado la adherencia de superficies y subsanado posibles filtraciones al 
interior de los muros . En 10 que respecta a la consolidacion de las superfi _ 

cies, solamente se efectuo un ensayo en el Palacio Tschudi consistente en la 
aplicacion de mucilago al 5% con brocha directa. Inicialmente se produjo un 
cambio de color , sin embargo en un corto tiempo fue retornando paulatinamente 
a su tono original . 

En general , el tratamiento de estructuras y superficies con mortero mucilagino 
so, ha demostrado buena resi,sltencia a la abrasion eolica. Queda por experimentar 
10 correspondiente a sus cualidades patologicas en la generacion de bacterias 
y Hquenes. 

Como corolario final indicamos que el mucilago es compatible con el adobe de 
Chan Chan. Como sustancia consolidante no forma peliculas impermeables , cohe _ 

siona y da resistencia a los materiales. Ademas permite reiterar la aplicacion 
de la sustancia en la misma zona tratada , asi como el empleo de otro consoli _ 
dante . Estas cualidades son favorables debido a que el mucilago pierde sus pro 
piedades de cohesion luego de un tiempo (no conocido) ,  obligando a repetir el­

tratamiento . 

En vias a mejorar el tratamiento en relacian a la resistencia del consolidante , 
se han venido desarrollando pruebas de laboratorio con mucilago al 5 , 10, 20 , 30 ,  
40 y 50% en agua , mediante diversas tecnicas de aplicacion, sobre adobes salina:; 
y sin contaminacion. En principio se observa una buena receptividad de la sus­
tancia en ambos . A medida que se aumenta el porcentaje del mucflago , se incre -
mentan la densidad de la solucion y la resistencia de la superficie . Pero , la 
absorcian es mas lenta (alcanzando siempre 3 cm. promedio) y se produce una al 
teracion inicial del color . Estas muestras toleraron tambien la penetracion de 
solucion de Silicato de Etilo 40, y se comprobO , una vez mas, la inalteracion 
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de la porosidad, debido a que fue posible la extraccion de sales contenidas me 
diante papetas . En la btisqueda de soluciones , ambos consolidantes bien pueden­
utilizarse en niveles de tratamiento complementario . Estas pruebas aUn estan 
en observacion. 

En 10 que a medidas de prevencion se refiere, seguimos considerando de priori­
dad la instalacion de un sistema de drenaje por el potencial pluvial clclico 
que ocurre con una frecuencia de 7 a 25 anos , no obstante , aUn subsiste el pro 
blema de su implementacion p�r los restos arquitectonicos y culturales subya-­
centes. Solo ha sido posible la instalacion de pozos colectores en el sector -
de tumbas del palacio Tschudi , debido a la inexistencia de vestigios cultura­
les bajo estas . 

De otra parte , la instalacion de una barrera rompevientos vegetal propuesta en 
la zona de la playa para contrarrestar la accion e6lica, no traerta efectos fa 
vorables al monumento . La velocidad y fuerza e6lica contratda p�r la mecam.ca­
de su desviacion ocasionarta mayores danos . Solo serta efectivo si se implemen 
ta una serie de barreras a traves de la zona urbana arqueologica , 10 cual ob-­
viamente es imposible . En este sentido , hemos optado por recomponer las gran 
des mural las perimetrales , e interiores de los palacios (orientadas E-W) a ma� 
nera de rompevientos , que han aminorado significativamente la fuerza y acci6n 
erosiva eolica. 

CXlNCLUSIONES 

1 .  El tratamiento a base de Muctlago de Tuna Brava , se asume como una alterna­
tiva al uso de consolidantes de naturaleza plastica , por sus propiedades de 
aglutinamiento , porosidad y plasticidad. 

2. Se debe precisar un mantenimiento minucioso y permanente del monumento como 
una de las medidas preventivas de mayor importancia para su conservacion. 

3 .  Implementar un programa integral de conservaci6n y prevencion permanente , 
que debe considerar la instalacion de laboratorios para anal isis ftsico-qutmi­
cos in situ , que promueva el conocimiento de la problematica de Chan Chan Y ga 
rantice soluciones mas eficaces para su conservacion. 

-

Reconocimiento : Participaron en el trabajo expuesto el equipo tecnico del INC­LL: Rest . Hector Suarez , Rest . Carlos del Mar , Rest . Carlos Castaneda, Arql . Ar 
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Carlos Cano del INC-Cusco , y las recomendaciones del Rest . Ricardo Morales G . , 
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ABSTRACT 

Ancient Panj ikent (AD 5-8th 
c ent . ) ,  s i t uat ed s ome 5 5  km 
east of Samarkand , has b e en 
under excavation from some 
forty years . An excavat ed 
area of some 6 hectares , 
has yielded a t own with 
hundreds o f  two-st oried 
houses , a ruler ' s palac e ,  
two t empl es ,  street s , and 
bazaars encircled by city 
walls .  The mud-bri ck and 
adobe (vakhs a )  buildings 
o f  Panj �kent which o rigi­
nally reached a height o f  
some 1 0- 1 2m ( pres erved u p  
t o  about 7m) , w ere decora­
t ed with murals and s culp­
tures that have now gained 
worldwide recognition. 
There exis t  enormo u s  prob­
l ems of cons ervation and 
exhibition at Panj ikent . 
These " involve the creation 
of an op en-air mus eum, l ike 
that at Pompei , where vi­
s it ors may be introduced 
to the t own as a who l e .  
This fascinating work and 
the resolut ion of thes e 
problems would greatly b e­
nefit from int ernat ional 
cooperat ion .  

KEYWORDS 

Sogdian civilization , Silk 
Rout e ,  dead city , op en-air 
mu s eum. 

Fig . 1 .  Fa9ade of the 7 th 
hous e dismant el ed from 
additional mud-brick ma­
sonry (l:!arly 8th c entury ) .  
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PANJIKENT ; A PRE- ISLAMIC TOWN IN CENTRAL ASIA 

Dr . Boris Marshak 
The Stat e  Hermitage Mu s eum 
1 9 1 065 Leningrad 
USSR 

Panj ikent is one of the mo st important C entral Asian archaeo ­
logical sites . The city of Panj ikent i s  in Tadj ikistan ( the 
Tadj ik Sovi et Social ist Republ i c )  and is s ituat ed some forty 
miles eas t of Samarkand . Panj ikent exi sts today and is lo cat ed 
on the Z erafshan river . Ruins of early medi eval Panj ikent were 
di scovered on the hills south of the modern t own . (Be1 enizki , 

1 980 ; Azarpay , 1 98 1  ; B el eniz ki , Marshak , 1 97 1 ) .  

S inc e 1 946 about a half of the city datable t o  the eighth c entury 
A . D .  has b e en excavated by Soviet archaeologist s .  Panjikent was 
founded in the fifth c entury . Some buildings ( part of defensive 
city walls and two large t emples with their spac ious yards ) 
were cons truct ed towards the mid-fifth c entury A . D .  There are 
al so some ho u s es of the s ixth t o  s eventh c entury A . D .  The 
wall ed t own ( excluding the citadel ) encompassing an area of 1 3 . 5  
hectares was very crowded with narrow s treet s framed with rows 
of shops and even vault ed all eys . Houses of wealthy p eopl e w ere 
two t o  three stories and had many rooms and principal hall s ,  
res embling miniature palac es . Now the height o f  their ruins 
reaches 6 to 7 met ers . 

One third of hou s es w ere onc e adorned with s up erbly execut ed 
paint ings and no l es s  skillful wood carving . About 722 A . D .  some 
houses were burned by the Arab conquerers and wooden b eams , pa­
nel s ,  statues became carbonized.  

Panj ikent demons t rat es the highest point o f  development of the 
pre-Islamic cult ure of Sogdiana . Sogdian merchants cont rolled 
t rade and commerce along the "Silk Rou t e �' the main art ery of 
communi cation between the West and the East . The excavat ions of 
Panj ikent have a wor� d importanc e b ecause it is now the most 
st udied t own along the anc ient s ilk roads . 

Wall s  of all buildings and vaults of som� ground floor rooms 
w ere constructed with mud bricks and pise ( or us ing a lo cal 
t erm pakhs a ) . Aft er excavation of these walls it is very dif­
ficult to pres erve them. Panj ikent was declared to be open-air 
mus eum more then t en years ago . Thousands of t o urists from many 
co unt ries are visit ing the s it e .  rtowever , we are at very b e­
ginning o f  the work of establishing a real mus eum. 

Fig . 2 .  Vault ed all ey with the walls from pise divided into 
large blocks . 



Fig . ) .  Ground floor room 
with its vault . Early 8th 
c entury . 

Fig . 4 . Lobby with two doors 
and two windows for the 
stair-cas e .  Early 8th 
c entury . 
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I am an archaeologist and not a t eclUlical specialist and so in 
my paper I want only t o  show our probl ems for chall enging the 
specialists who . I hop e ,  can solve them .  There are some destruc­
tive natural agent s like rain and snow , ground wat er with sal t s  
and instability of half-ruined construct ions . Now w e  must remove 
all s culpt ures and mural s paint ed upon clay plas t er .  The Hermi­
tage restorers have their own methods of cons ervation and 
removing of Panj ikent murals , clay s culpt ures and burned wood 
carvings . They use PBIIlA for reinforcing the mural s before re­
m�ing and paraffin to strengthen charcoal ( Kos trov, 1 9 5 4 ) .  

Ano ther problem is an esthetic one . It s eems nec essary t o  b e  ve­
ry careful with introduct ing modern roofs of concret e ,  plastiC , 
glas s and metal for pro t ect ion of ruins b ecause thes e mat erials 
inevitably des troy the effect of a dead city res embling Pompei . 

There are three ways to pres ent the struct ures to the public : 
1 . As ruins prot ected from further destruct ion without 
el ement s of the reconstruction . 
2 . 4.s partly recons tructed buil dings ( with art ificially 
reinforced construction and wall mat erial s )  which would 
be open for vis it ors . 
) . As roofed buildings with mu seum exhibit s inside open t o  
guided to urs . 

There are also s o  awkward obj ects as the unpaved street s and 
the city walls ( their height is about 7 met ers in pres ent con­
dit ion ) . 

The experience of more than forty years of excavat ions has 
shown us that the walls w ere pract ically invulnerable if pro­
t ec t ed from the effects of moisture . The wallS of the main hall 
of Temple I built in the fifth century w ere in good condition 
until 7 22 A . D .  The hall had only three walls and was opened to 
the columned portico facing the outside . The unfired clay re­
liefs dating from the 6th c entury A . D .  in the portico of Temple 
II also w ere in good condition unti l  the early 8th century . Now 
for prot ecting a wall we u s e  only some rows of additional mud 
brick masonry above its remnants and the addit ional clay 
plast ering of its lower part . 

For walls  which are to be excavat ed lat er we mu st u s e  s everal 
methods o f  prot ection including new masonry above ruins , chemi­
cal reinforc ement of old bricks and plast ers , insertion o f  
special framework into construct ions and special drainage 
syst ems . During restoration of the buildings which had b e en 
excavat ed decades ago it would b e  po ssible to reconsru ct the 
damaged s urfac e using do cumentary drawings and pho tographs . In 

Fig . 5 .  Room with pise walls . Half-columns w ere c arved in pis e 
blocks . Early 8th cent ury . 
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Fig . 6 .  Two-stori ed hous e .  
B el ow a vaulted ground 
floor room. Early 8th 
c entury . 

Fig . 8 .  Lion-throne of the 
Goddess Nana . Clay stat u e . 
7th c entury . 
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Fig . 7 .  Ornamental mural . 6 th c entury . 

this cas e it would be also u s eful to make new bricks and 
plas t er from clay with some kind o f  modern special long-last ing 
mediums . It could b e  dangerous t o  keep murals and sculpt ures ill situ which may be replac ed with modern replicas becau s e  now 
we have no way t o  make originals strong enough in the climat i c  
conditions of C entral Asia . In Panj ikent there are dry hot 
s ummers and cold snowy wint ers . It would b e  u s eful t o  search for 
the best way of preparing exact and long-lasting copies from 
mo dern mat erial s . 

Our probl ems are too s ophist icat ed to be so lved without collabora­
t ion with our foreign colleagues . The great importance of the 
site i t s el f  and the possibility of t est ing many scientific 
approaches and t e chnical means mu st be stressed. I think it 
would b e  b eneficial t o  establish an international cons ervation 
program for Ancient Panj ikent , the main artistic c ent er of the 
Silk Ro ut e civilizat ions . 
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ABSTRACT 

In Northen Yemen, one of the traditional 
types of constructio n ,  based on o n-site 
fashioned earth, called zabour, is going to 
disappear because of economic reasons, 
more particularly the high cost of manpower. , 

Special studies have been carried out 
about the wall of Sanaa, the capital of 
Yemen,  in o rder  to have th is  type of 
construction renewed. The studies aimed at 
modernizing this process though keeping its 
specificity (the elaboration is handmade in a 
very unsophisticated way). The tedious part 
of the work, consisting of kneading the 
earth, has been removed thanks to the use 
of a mixer. The quality and the durability of 
the product are guaranted by the use of a 
hydraulic stabilizer and to the measure of the 
quantity of water used for kneading. The 
laboratory studies carried out in  Yemen 
proved that it was possible to reach a dry or 
wet resistance of about 3MPa. 

This new technology is the result of an 
on-site experiment, which has enabled us to 
defi ne reco mmendations for the manu­
facture of zabour on-site. 

KEYWORDS 

Zabour, Yemen, Laboratory and on-site 
experiments, Dry and hu mid reSistance, 
Modernisation of a technologie, 
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RESTAURATION DES M URAILLES DE SANA'A, YEMEN DU NORD 
AMELIORATION DU ZABOUR' , METHODE TRADITION NELLE DE CONSTRUCTION EN TERRE 

Myriam Olivier, Ali Mesbah et Willy Adam, 
Laboratoire Geomateriaux 
ENTPE, Ecole Nationale des Travaux Publics de l 'Etat 
69 518 Vaulx-en-Velin Cedex, France 
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Le gouvernement de la Republique Arabe du Yemen a lance depuis plusieurs annees des operations de 
restauralion de la vieille ville de Sana'a. Apres mise au point des projets et les marches, les travaux sont 
suivis par Ie "Bureau Executif pour la Sauvegarde de la Vieille Ville de Sana'a", organisme dependant di­
rectement du Cabinet du Premier Ministre du Yemen. II est aussi important de noter que la ville de Sana'a 
a ete classee "Patrimoine de I'Humanite", en 1 980, par I'UNESCO. Les chanliers de restauration de bati­
ments publics, de mosquees et de maisons sont tres nombreux. De meme, des operations sont en cours 
relatives a I'assainissement, aux pavages des rues et au ramassage des ordures menageres. 

La reconstruction d'une partie des murailles de Sana'a fait partie des projets du Bureau Executif. Le 
debut de leurs destructions est posterieur a 1 962. Ensuite Ie developpement de I'urbanisme, associe 
au non-entretien du reste des murailles, ont entraine soit leur destruction totale, soit leur disparition par­
tielle entre les batiments. II faut aussi deplorer I'utilisation du Wadf comme voie de circulation, ce qui a 
cause en 1 982, la destruction d'un magnifique pont construit en continuite avec la muraille. Seule une 
partie de la muraille reste visible et a peu pres accessible. C'est celie qui fait I'objet du projet de restaura­
tion. Elle va du Wadi jusqu'a 1 00 m environ de la porte de Bab EI Yemen, et mesure environ 400 m. 

L'une des techniques utili sees pour la construction de la muraille, Ie zabour, est actuellement sur Ie 
point de disparaitre, supplantee par la construction en parpaings de cimen!. Les connaissances empi­
riques accumulees depuis des siecles sont entre les mains de maitres-maQons (Ies Ustas), ages, pour la 
plupart, de plus de 70 ans. Cependant, pour conserver a la muraille son aspect originel, iI a ete decide d'u­
tiliser cette technique, mais en essayant de retrouver scientifiquement les bases de cette technique. La 
participation franQaise s'est donc situee sur un plan purement scientifique et technique et n'a donc pas eu 
pour objet de remettre en cause les options deja choisies concernant la politique de restauration et de re­
construction. Celle-ci a ete de plusieurs ordres : transformation du projet architectural d'origine en dossier 
technique, etude experimentale en laboratoire de la fabrication et de la stabilisation du Zabour, transposi­
tion des resultats d'etudes sur Ie site (methodologie de suivi du chantier de fabrication et mise en oeuvre 
du Zabour, introduction de I'utilisation d'un malaxeur) et introduction de notions de suivi de chantier (com­
paraison des quantites prevues a I'estimatif et realisees, contr61e de qualite, . . .  ). Ce sont essenliellement 
les quatre demiers points qui seront presentes dans cet article. 

Contexte de la restauration 
Decider de restaurer ce mur a souleve I'alternative suivante : reconstruire en place une muraille similaire a 
celie qui existait 200 ou 300 ans auparavant, ou essayer de conserver, dans leur etat actuel, les vestiges 
de I'ancienne muraille. La premiere solution a ete retenue par Ie Bureau Executif et a ete appliquee pour 
I'elaboration du proje!. 

Les etudes ont debute en 1986, grace a la participation de la Republique Democratique de Coree 
(Coree du Nord) qui a, d'une part, effectue un lever topographique tres preCis du mur actuel et des 
constructions avoisinantes et d'autre part, realise un premier projet de restauration de ce mur, ne prenant 
en compte que I'aspect exterieur de la structure. En juin 1 988, I'ENTPE a ete sollicitee par les Ministeres 
FranQais des Affaires Etrangeres et de l 'Equipement, afin de fournir au Bureau Executif pour la 
Sauvegarde de la Vieille Ville de Sana'a un appui technique pour la realisation des pieces techniques du 
Dossier de Consultation des Entreprises et pour Ie suivi des travaux. Celui-ci a consiste en la mise a dispo­
Sition, aupres du Bureau Executif et de I'entreprise retenue, d'un ingenieur du Laboratoire, Willy ADAM, 
de mars a decembre 89, pour resoudre les problemes de chantier et pour realiser les etudes necessaires 
a la mise en oeuvre concrete du Zabour , et en deux missions de suivi effectuees, en juin et decembre 
1 989, par Myriam OLIVIER. 

� 
1 .  L'etat actuel : La muraille de Sana'a est construite suivant un prOfil tres specifique au Yemen du 
Nord. Mais son aspect originel est difficile a imaginer a partir de son etat actuel. Cependant, il est possible 
de trouver, au Yemen des structures identiques, en bien meilleur eta!. C'est Ie cas du mur d'enceinte de 
Saada, ville du nord, en limite du desert. 

Le corps de la muraille est constitue de deux murs de zabour, montes sur une maQonnerie tres re­
sistante, et enserrant un remblai argilo-sablonneux. Un "garde corps"exterieur est realise en zabour sur 
une hauteur qui devait etre d'environ 1 ,5 a 2 m. La largeur utile du dessus du mur varie de 3 a 5 m. 

echelle : 
-1 m  
� 

COUPE-TYPE 
DUMUR DE 
SANA'A 

figure 1 . coupe lype originelle du mur de Sana'a 
Le zabour est la principale technique traditionnelle de construction en terre du Yemen du Nord. Le 

sud du pays utilise egalement la technique de I'adobe et surtout ta construction en pierre. II consiste a fa­
briquer des boules de terre argileuse, tres humides, puis a les meltre en place a I'avancement, sur Ie mur, 
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de faQOn a realiser des "boudins" carres de section 60x60cm environ. Ceux-ci sont releves aux angles 
des murs, de facon a creer un chainage vertical, donnant ainsi un aspect raye aux constructions locales 
qui atteignent couramment des hauteurs de 20m. 

2. Presentation du projet : Comme on Ie verra plus loin, cette technique artisan ale est lente a realiser 
et tres consommatrice de main d'oeuvre. Or, Ie niveau de vie local s'etant fortement eleve lors des dix 
dernieres annees, cette technique a tendance a disparaitre au profit du beton et du parpaing de ciment, 
juges plus modernes, plus economiques et plus fiables. 

Dans Ie cadre du projet de restauration de la muraille de la Vieille Ville de Sana'a, Ie laboratoire 
Geomateriaux de l'Ecole Nationale des Travaux Publics de l'Etat a realise une etude sur la technique tradi­
tionnelle du zabour en vue de mettre au point les specifications techniques relatives a sa preparation et a 
sa mise en oeuvre sur chantier. Le but vise n'etait pas d'introduire une technique nouvelle dans ce pays 
mais, a partir de celie qui existe deja, de proposer des ameliorations pour arriver a un produit fini fiable, ho­
mogene, resistant,.ayant une bonne tenue a I'eau et pouvant etre prepare et mis en place par les artisans 
locaux sans difficultes majeures. 

Outre les aspects laboratoire et realisation experimentale sur Ie site, nous avons travaille a la mise au 
point du projet initial, pour y introduire les contraintes de site et tenir compte des materiaux employes. 
C'est pourquoi, tout en essayant de respecter I'aspect originel du mur, Ie projet actuel presente quelques 
modifications avec la muraille ancienne. Ainsi : 

- en raison de I'urbanisation qui s'est developpee a I'interieur du mur depuis 1 962, la largeur origi­
nelle du mur a dO etre modifiee. Les ecrits anciens signalent que "quatre cavaliers pouvaient galoper de 
front sur Ie mur", ce qui correspondrait a une largeur de 5 a 6 m, et est corroboree par I'emprise du mur 
que I'on distingue encore au nord de la ville. En revanche, sur la partie sud, objet des travaux, I'epaisseur 
residuelle du mur varie, sur la majeure partie du trace, a la base de 2 a 5 m et en haut de 2 m a 30 cm (!). 
Aussi, afin de ne pas trop empieter sur les proprietes bflties, la largeur finale en tete de mur ne depassera 
que rarement 1 ,5 m. De plus, pour eviter de detruire certaines maisons directement fondees sur Ie mur, 
celui-ci sera par endroits, deplace de 0,5 a 1 m vers I'exterieur, 

REtvSLA1S 

ZABOlJ\ 

M'.CONNERIE 
DE PIERRE 

figure 2 . coupe type du proiet de restauration du mur de Sana'a 
- un soubassement en pierres equarries a ete prevu a la base du mur comme cela existait sur I'an­

cien mur. Ces pierres sont en basalte, materiau qui a deja ete utilise pour restaurer Ie mur il y a environ 1 50 
ans comme on Ie voit sur une partie encore visible du Mur SUd. II faut cependant noter que Ie mur d'origi­
ne avait probablement une fondation en pierres sedimentaires blanches comme on Ie voit sur Ie bord du 
Wadi. Ce type de pierre est plus facile a tailler, mais est en revanche plus erodable. 

- dans tous les cas, la technique de construction de la maconnerie est identique a celie utilisee pour 
Ie mur d'origine, a savoir : pierres bien equarries a I'exterieur et maconnerie plus rustique a I'interieur. 
Cependant celle-ci a ete faite avec un mortier de ciment, au lieu d'un mortier de terre (technique ancien­
ne) afin de garantir une meilleure tenue dans Ie temps de la structure restauree. 

Fabrication tradjtionnelle du zabour 
La preparation et la mise en place du labour s'accompagnent d'un rituel assez impressionnant quand on 
y assiste pour la premiere fois. Si Ie malaxage de la terre peut etre assimile a une danse bien rythmee ou 
pieds et mains s'altement pour melanger intimement la terre, la pose du labour par contre est une valse 
ou les boules de terre montent et descendent a une cadence reguliere. L'harmonie des gestes, Ie ryth­
me, les chants d'accompagnement montrent que les artisans se plaisent a faire ce travail et executent un 
numero de leur folklore. 

Mis a part I'aspect ceremonial, la preparation de la terre est une operation longue et fastidieuse. La 
terre disposee en grand tas est tout d'abord arrosee d'eau et abandonnee ainsi pendant 3 a 4 jours. Ce 
temps est necessaire pour permettre a I'eau de s'infiltrer, de cheminer a travers les pores du sol et d'imbi­
ber toute la terre du tas. Apres cette peri ode d'humidification commence la phase proprement dite de ma­
laxage. Le tas de terre est petri, etale avec les pieds, remis a nouveau sous forme de tas en ramassant des 
mottes de la peripherie et en les lancant vers Ie milieu du tas. Ce cycle d'etalement - rassemblement de la 
terre se renouvelle jusqu'a ce que Ie materiau atteint Ie niveau de plasticite, de cohesion desire. Vient en­
suite la formation des boules de terre ; chaque artisan recupere une petite motte de terre, la petrit plu­
sieurs fois sur une surface lisse et dure et la met pour terminer en boule. On se retrouve ainsi, en fin de 
preparation avec un tas de boules de terre qui ressemble a des petits pains attendant la cuisson. 

Place maintenant a la valse des boules de terre. L'USTA (maitre-macon) se positionne dans la zone 
de travail, attrape une a une les boules de terre qui lui sont lancees par les ouvriers, les oriente et les pro­
jette dans la partie de I'ouvrage a realiser. Tout se deroule rapidement a une cadence rythmee sur Ie chant 
d'accompagnement. Au fur et a mesure que s'accumulent les boules de terre, la bande de labour se des­
sine et prend forme. Quand un morceau de la bande est pret, I'USTA arrete momentanement Ie jeu des 
boules, comble en tassant avec la main les creux qui se sont formes et acMve la finition des parois exte­
rieures, en la polissant avec la main. 
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Modernisation de la technique 
Celie presentation sommaire de la technique de fabrication du labour au Yemen montre clairement qu'el­
Ie s'accompagne d'un delai considerable entre Ie debut de la preparation de la terre et sa mise en place ef­
fective. Pour Ie chantier de la muraille de Sana'a 00 environ 2000 m3 de labour doivent etre realises, 
celie technique traditionnelle, si on devait la maintenir telle quelle, entrainerait un allongement excessif 
de la duree du projet, un cout de production du m3 de labour exorbitant et un alourdissement de la ges­
tion du chantier. Aussi a-t-il fallu I'adapter pour la rendre plus operationnelle. 

1 . Le malaxage : La premiere innovation apportee reside dans la mecanisation de la preparation de la 
terre. Au malaxage manuel, on a substitue un malaxage mecanique3• Les resultats enregistres sont tres 
interessants du point de vue economique et technique : 

- Reduction importante de la main-d'oeuvre et gain de teTPs. Avec 3 personnes (1 technicien et 2 
ouvriers), il a ete possible de preparer des gAchees de 0,Q1 m en 6 a 8 minutes. Chaque gAchee com­
prend un malaxage a sec des constituants solides (terre-sable-ciment) pendant 2 minutes puis un malaxa­
ge humide avec I'ajout d'eau. Celie demiere est toujours versee sous forme de pluie. La methode ma­
nuelle traditionnelle demande 45 minutes pour malaxer Ie me me volume, apres avoir pre-humidifie la terre 
pendant plusieurs jours. Une fois les quantites fixees et apres que les ouvriers se soient fait la main, la 
preparation de la terre devient pure routine, reproductible en sMe. lis retrouvent alors I'appreciation vi­
suelle d'un ma<;on experimente. 

- Meilleur contr61e du dosage en eau et meilleure qua lite du malaxage. Alors que pour une prepara­
tion traditionnelle la teneur en eau varie d'un endroit a un autre du melange (au laboratoire, pour de faibles 
quantites de terre malaxee manuellement, on a observe des variations de 5 points de teneur en eau). Ie 
malaxage mecanique permet une repartition uniforme de I'eau dans Ie melange. Les petites variations en­
registrees (de I'ordre de 0,5 a 1 point de teneur en eau) viennent des phenomenes d'evaporation dus au 
temps ecoule entre la fin du malaxage et la mise en place de la terre et surtout, du petrissage de la terre 
pour la confection des boules. Elles ont peu d'influence sur la resistance finale. (voir figures 7 & 8). 

2.  La stabilisation au ciment : L'autre innovation vient du fait qu'un liant, du ciment en l'occurrence, a 
ete ajoute a la terre pour la stabiliser. Au Yemen, jusqu'a present, aucune tentative en ce sens n'a ete 
faite. Pour proteger la terre brute contre les intemperies, les artisans preferent epaissir les ouvrages, ce 
qui entraine souvent un surdimensionnement des·elements structuraux. Avec la stabilisation au ciment, il 
a ete possible d'obtenir un materiau aux bonnes caracteristiques mecaniques et parfaitement resistant 
aux intemperies (voir § VI). 

De plus, la methode traditionnelle de preparation de la terre n'est plus appropriee, car il est effecti­
vement impossible de faire "macerer" la terre stabilisee plusieurs jours a cause du phenomene de prise 
assez rapide en presence d'un stabilisant. D'oO l'interet supplementaire de I'introduction du malaxage me­
canique. Les etudes ont ete realisees avec 0, 4, 6, 8 et 1 0% de ciment, qui sont des valeurs courantes 
pour la fabrication de mortiers de terre. Pour les travaux, c'est finalement une stabilisation a 6% de ciment 
qui a ete retenue. 

3. La mise en oeuvre du zabour : Le dernier point conceme la realisation meme du mur. Pour assurer 
Ie transfert des etudes de laboratoire sur Ie chantier de construction et s'assurer de la bonne coordination 
entre les techniciens du Bureau Executif et l'Usta (maitre-ma<;on) . un essai de mise en oeuvre sur Ie site a 
ete realise les 1 1 ,  1 3  et 14 decembre 1 989. Le travail experimental sur site s'est fait progressivemenl. Au 
debut de I'experimentation, I'ensemble des operations de dosage, de malaxage et de mise en oeuvre 
etaient suivis par W.ADAM et M.OLlVIER. Puis, petit a petit, elles ont ete deleguees a I'ingenieur du chan­
tier et au technicien du Bureau Executif. Lors du troisieme essai experimental, I'ensemble des operations 
a ete realise par les Yemenites, avec un parfait consensus entre les dilferents intervenants (entreprise, 
Bureau Executif et Usta) . 

Celie phase a ainsi permis un excellent transfert de donnees experimentales et de technologie sur 
un site reel et a donne aux differents intervenants I'occasion de retrouver la maitrise d'une technique tra­
ditionnelle grAce a une approche scientifique des problemes. L'experience acquise lors de celie experi­
mentation demande cependant a etre confirmee par une mise en oeuvre rapide sur Ie mur lui-meme. 
Malheureusement, Ie report de cette phase a 4 ou 5 mois fait perdre une grande partie des acquis de I'en­
treprise et de l'Usta. 

Etudes faites en laboratoire 
1 .  Principe des etudes : La determination des parametres de chantier a ete faite a partir d'essais de la­
boratoire realises au Yemen, en liaison avec Ie laboratoire du Ministere des Travaux Publics et celui de la 
Faculte d'ingenieur de l'Universite de Sana'a. Apres avoir examine la preparation traditionnelle du labour 
et identifie les parametres de base (granulometrie et composition des mat6riaux, liants, teneur en eau, 
mode de malaxage, mode de mise en place, cure) qui s'y rattachent, des series d'eprouvettes ont ete pre­
parees en faisant varier ces parametres. Elles ont ensuite ete soumises aux essais suivants : compression 
simple, tenue a I'eau lors d'essais de remontees capillaires et essai d'immersion complete. 

A partir des resultats obtenus, il est possible d'evaluer I'influence, sur les caracteristiques meca­
niques (resistances a sec et humide ) du labour, du mode de preparation de la terre (malaxage manuel, 
malaxage mecanique) .  de la teneur en eau de fabrication, de I'ajout de ciment et des conditions de cure. 

2. Choix des materiaux : Au Yemen, il n'existe pas un materiau type pour la preparation du labour. 
Les artisans se contentent de prelever la terre qui se trouve immediatement a leur portee. Ainsi, suivant Ie 
savoir-faire de I'Usta et suivant Ie type de sol disponible, la qualite du labour varie d'une region ·a une 
autre : on peut facilement passer d'un labour compact, resistant et dur comme un rocher a un labour fis­
sure, friable au simple toucher et lessive par les intemperies. 

L'un des points importants du travail a consiste a choisir, pour la restauration de la muraille, une terre 
permettant d'optimiser les caracteristiques mecaniques et Ie comportement du labour . A cet elfet, 8 car­
rieres situees aux alentours de Sana'a ont ete visitees et leurs echantillons soumis a des essais d'identifi­
cation. Nos investigations se sont limitees, pour des raisons economiques, a la region de Sana'a. Les re­
sultats obtenus ont ete analyses et compares a ceux obtenus sur deux echantillons de labour retenus 
pour leur qualite. L'un provenait de la region de Saada et I'autre directement de la partie de la muraille en 
bon etat de conservation. Parmi ces carrieres, deux ont retenu particulierement notre allention. Des diffi­
cultes pour acquerir des terrains de la premiere carriere nous ont conduit a choisir finalement la seconde 
(carrieres de Beit Mulkat et celie de Beit Al Saal'a). 

Le materiau provenant de Beit Al Saal'a est un 0/50 mm. Les resultats des essais d'identification 
font apparaitre pour ce sol, un deficit assez important en sable. Pour y remedier, on a melange celie terre 
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avec un sable propre provenant de la region de Saada, dans la proportion de quatre volumes de terre de 
Beit AI Saal'a pour un volume de sable. Les gros elements du sol ont ete egalement ecartes afin d'eviter la 
formation de billes pendant Ie malaxage (tendance de la terre a s'agglomerer autour des cailloux) et I'appa­
rition de zones d'heterogeneite dans Ie Zabour. Les materiaux d'origine et remanie ont donne les resui­
tats suivants : 

- courbes granulometriques et sedimentometriques (voir figure 3). 
- essai normalise au bleu de methylene (uniquement sur Ie materiau remanie) : 
sur Ie (0 / 0,1 mm) VB = 2,38, soit sur Ie sol total, (0 / 1 6  mm) VB = 1 ,22 
- limites d'Atterberg : materiau brut WL = 3 1 ,8 Wp = 20,3 

materiau remanie WL = 30,6 Wp = 22,7 
IP = 1 1 ,5 
IP = 8  

D'apres la classrrication RTA" , la fraction 0 / 1 6  mm se situe, pour Ie materiau brut en A2, et pour Ie 
materiau remanie en A1 . D'apres la classification LCPC' , Ie materiau brut est une argile peu plastique, et Ie 
materiau remanie un sable argileux. 

100 
% passants

_ 

' - -

" 

- sable de Saada 

• •  terre de Beit AI Saal'a 

- terre reconstituee 

O �llL��������� 
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diametre des tamis en mm 

figure 3 . courbe granulometrjque des materiaux utilises 
3.  Deroulement des essais 

3.1  Confection des eprouvettes : Les eprouvettes ont ete confectionnees avec de la terre malaxee 
suivant les deux techniques mais I'accent a ete surtout mis sur Ie malaxage mecanique. Dans les deux 
cas, une fois acheve Ie malaxage, on a fabrique les eprouvettes en utilisant un moule en metal (0=9,5 cm 
et h=1 2 cm). La terre deposee a I'interieur du moule n'a ete ni compactee ni compressee. Dans Ie cas des 
preparations "assez seches" (teneur en eau comprise entre 23 et 26 %), une petite tige metallique a ete 
utilisee pour tasser legerement la terre et pour eviter la formation de trous a I'interieur de I'eprouvette. Au­
dela de 27 %, la terre malaxee s'apparentait davantage a une boue et il n'a pas ete necessaire de la tasser. 
Le demoulage des eprouvettes se faisait immediatement apres leur fabrication. Pour eviter des pheno­
menes de collage ou adherence dans la zone de contact terre-moule, on a pris soin d'intercaler entre la 
terre et la paroi interieure du moule huilee au prealable, un plastique assez rigide. Les eprouvettes ont 
ete pesees et mesurees pour calculer leurs densites seches a partir de la relation : � d=Ph ItS x (1 +w) , 

Oll : - Ph est Ie po ids humide de I'eprouvette en gr 
- h, sa hauteur en cm 

- S, sa section en cm2 
- w, la teneur en eau du materiau 

Les eprouvettes en terre non stabilisees ont ete conservees a I'air libre et celles stabilisees au ci­
ment, sous une bAche en plastique polyane bien fermee. L'influence du type et de la duree de la cure 
sera evaluee par la variation des resistances en compression simple. 

3.2 Essai de resistance a sec : Des essais de resistance en compression simple a sec, apres conserva­
tion des eprouvettes, ont ete realises a 5, 10 ,  1 5  et 30 jours afin d'etudier I'influence de l'Age sur la resis­
tance du Zabour. Seules les eprouvettes fabriquees a partir du Zabour traditionnel ont ete ecrasees a plus 
de 30 jours. Afin d'obtenir des essais homogenes, avant I'essai proprement dit, on a interpose un syste­
me antifrettage entre I'eprouvette et les plateaux de la presse. 

3.3 Resistance humide : Cet essai est realise sur un materiau generalement Age de 1 5  jours qui a ete 
pendant au moins 24 heures soumis a un essai de remontees capillaires. Pour les eprouvettes stabili­
sees, une partie a ete sou mise a I'essai de remontees capillaires immediatement apres la cure sous la 
bache, tandis qu'une autre a ete mise a secher a I'air libre 1 ou 2 jours avant I'essai. Pour deux series 
d'eprouvettes, la conservation sous bache a dure uniquement 5 jours ; ensuite, elles ont ete mises a se­
cher a I'air libre pendant 1 0  jours avant I'essai de capillarite. 

3.4 Essai de remontees capillaires : Les eprouvettes ont ete posees sur un lit de sable, puis soumises 
a une pression capillaire tres faible entretenue par la circulation d'eau dans un tissu epais, depose sur Ie 
sable et dont les bords baignaient dans deux recipients contenant de I'eau. 

fjgure 4 ' essaj de remontees capillajres 
Les reCipients etaient disposes de maniere a ce que Ie niveau de I'eau et la surface superieure du lit 

de sable soient dans un mE!me plan horizontal. Un contr61e suivi tout au cours du deroulement de I'expe­
rience a permis de maintenir constant Ie niveau de I'eau danS les recipients. Le poids des eprouvettes a 
ete releve regulierement pour calculer la quantite d'eau absorbee par Ie materiau. 

4 Influence de la teneur en eau de fabrication 

4.1 Variation de la densite sec he : D'une maniere generale, il n'existe pas une relation bien nette entre 
densite seche et teneur en eau. Les courbes obtenues pour les teneurs en eau etudiees (23 %<W< 34 
%) montrent que la densite seche a tendance a diminuer avec I'augmentation de la teneur en eau. Ceci 
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s'explique : pour ces teneurs en eau, Ie materiau non stabilise est proche de la saturation et les densites 
seches obtenues se calent sous la courbe de saturation : 0 d= 0 s/(1 +w,o s10 w)' notee en trait plein sur 
les figures 5 et 6. Les points correspondants aux teneurs en eau tres e levees se situent au dessus de 
cette courbe, ce qui est dO aux ecoulements d'eau libre observes lors du demoulage des eprouveUes. 

densit6 seche 

en KN/m3 

1 7  

1 6 ,5 

1 6  

I S ,S 

1 5  

1 4,5 

·X 

A I ll. 
. . 

: � 
23 24 25 � 27 a 29 30 3 1  32 n 34 

leneur en eeu (w en :l) 

figure 5 · (densite seche / teneur en eau) pour Ie materiau non stabilise 
On observe egalement une grande variation des valeurs de densite seche a teneur en eau 

constante (par exemple, pour Ie materiau stabilise a 6 % de ciment, "0 d varie de 1 ,40 a 1 ,59 pour 
w=24,8%). Ces resultats peuvent s'expliquer par Ie fait que la quantile de terre introduite dans Ie moule 
lors de la fabrication d'une eprouveUe varie d'une eprouvette a une autre, surtout a teneur en eau faible, 
et comme aucune force n'a ete utilisee pour compresser la terre, la repartition des vides, Ie tassement et la 
cohesion finale de I'eprouvette s'en trouvent modifies. 

1 6  . 8 • O .  
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figure 6· (densite seche / teneur en eau) pour Ie materjau stabilise a 6% de cjmenl 
En comparant les valeurs de densite seche pour Ie matenau brut et Ie materiau stabilise, on consta­

te qu'on obtient de plus fortes valeurs de densite seche pour Ie materiau brut que 10rsqu'iI est stabilise. 
L'ajout du ciment entraine une baisse de densite, car la chaux libre presente dans Ie ciment entraine une 
floculation quasi instantanee des argiles, qui s'oppose a la mise en place du materiau. On se trouve alors 
avec un pourcentage de vides plus eleve avec les materiaux stabilises . 

4.2 Resistance en compression a sec : Pour Ie materiau non stabilise, les valeurs les plus elevees en 
resistance sont enregistrees pour les teneurs en eau "faibles" (w<26 %). Pour ces valeurs, Ie materiau est 
legerement compacte et non moule, mais sa mise en place est difficile et la dispersion des resultats est 
grande. Quand la teneur en eau croit, on retrouve la meme tendance que pour la densite seche, a savoir 
la resistance tend a diminuer. 

1 ,5 

X 

X 
)( it 

Rc II sec � i ;  (en MPa) x 
X ,.. I • H 8 0 ,5  

D 

0 

23 24 25 26 27 26 29 30 3 1  32 33 34 

leneur en eau (w en :l) 

figure 7 . ( Resistance a sec / teneur en eau) pour Ie materiau non stabilise 
L'ajout du ciment en faible proportion entraine un gain de resistance considerable. Pour Ie materiau 

brut, la resistance se situe autour d'une valeur moyenne de 0,8 MPa, alors qu'apres stabilisation a 6% de 
ciment, elle est aux alentours de 3 MPa ; so it 3,5 fois plus elevee. 
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figure 8 . ( Resistance a sec Iteneur en eau) pour Ie materjau stabilise a 6% de cjment 
4.3 Resistance en compression apres essai de remontees capillaires : L'influence benefique du ciment 
apparait tres nettement pour les resistances humides. Alors qu'apres I'essai de remontees capillaires, Ie 
materiau brut presente des resistances quasi nulles (Rc humide � 0,03 MPa), Ie materiau stabilise a 6% de 
ciment garde une tenue excellente (Rc humide � 3 MPa). De plus, on observe dans ces conditions, un re­
trait, donc une micro-fissuration, tres faible. Pour 4% de ciment, la resistance humide diminue (Rc humide 
� 2 MPa) et Ie materiau devient plus erodable, ce qui nous a amene a choisir, pour Ie chantier, une stabili­
sation a 6% de ciment. 
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• • • • 
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fjgure 9 . ( Resistance Humjde I teneur en eau) pour Ie materjau stabilise a 6% de cjment 
4.4 Conclusion sur les conditions de suivi de chantier : " ressort de cette analyse que la teneur en eau 
a elle seule, ne suffit pas pour caracteriser Ie Zabour et prevoir son comportement. Les recommandations 
ecrites ont donc ete etablies pour assurer une bonne qualite du materiau et de la structure neuve. Elles 
ont pour principaux objectifs de garantir I'homogeneite de la fabrication et une resistance minimale du 
zabour. Elles concernent la duree et Ie mode de malaxage, I'ajout d'un stabilisant, la teneur en eau et sur­
tout Ie mode de mise en place du zabour. Tous ces parametres visent a obtenir la meilleure adequation 
entre resistance et densite seche. Sur la figure 1 0, les 0 correspondent aux resistances seches, les !l 
aux resistances humides pour la teneur en eau retenue ( 27<w< 27,5%), alors que les • et ...... correspon­
dent aux autres teneurs en eau. 

O �----�------�------�----�----� 
1 3,5 14 14,5 15  15 ,5 1 6  

densite 5&he (en KN/m3) 

fjgure 10 . courbe (Resjstance I densjte seche) pour Ie materjau stabilise a 6% de cjment 
Experjmentation sur stte 

1 . Realisation de I'experimentation : Le transfert des resu�ats de laboratoire au chantier lui-meme 
s'est fait au cours d'une experimentation grandeur nature, en collaboration avec I'entreprise et les Ustas 
yemenites. Cette phase tres importante et tres interessante a permis : 

- d'effectuer les reglages du malaxeur pour obtenir une bonne homogeneite du materiau, 
- etablir une methode simple de calcul et de dosage sur chantier des quantites de sable, de terre et 

d'eau, methode qui pourra etre mise en oeuvre par I'ingenieur de I'entreprise yemenite 
- optimiser les temps de fabrication et de mise en oeuvre du Zabourpour limiter les phenomenes 

de prise anticipee du Zabour stabilise au ciment, 

- etablir une relation de confiance avec l'Usta charge de la mise en oeuvre du Zabour- celui-ci avail 
en effet I'habitude d'utiliser un materiau plus humide et non stabilise - et I'amener a modifier legerement 
son mode de travail afin de limiter ensuite les risques de fissuration par retrait. 
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D'autre part, lors de cet essai, deux types de ciment Portland, I'un gris, I'autre blanc ont ete utilises 
afin d'evaluer I'influence de la couleur du ciment sur I'aspect exterieur (variation de couleur surtout) du 
Zabour. Apres 2 ou 3 rnois de sechage a I'air libre, la couleur finale etan! stabilisee, Ie Bureau Executif 
pourra effectuer son choix quant au type de ciment a utiliser pour stabiliser Ie Zabourdu mur. 

2 .  Recommandations pour I'execution du labour : Cette experimentation en site reel a permis de 
montrer les etapes ou se situent les differences de fabrication et mise en oeuvre entre Ie Zabourtradition­
nel et "rnoderne", et ainsi de faire apparaitre les points delicats et Ie suivi a effectuer. 

2 . 1  Qualite du labour : Ie parametre principal est la teneur en eau du melange terre-sable-ciment. La 
teneur en eau optimale est de 27 %, pour Ie corps du mur. Pour effectuer Ie lissage de I'exterieur du mur, il 
est necessaire d'augmenter tres lE§gerement (+0,5%) cette teneur en eau. 

2.2 Temps de fabrication : la mise en place d'un second malaxeur s'est averee indispensable car, 
lorsque la teneur en eau est optimale, il faut de 6 a 8 mn pour fabriquer une g�chee de labour, alors que 
la fabrication et la mise en place des boules de Zabour, avec I'equivalent de ce matenau, par les aides de 
I'UST A, ne prend de 4 a 5 mn. 

2.3 Mise en place du labour : afin de limiter la fissuration dans Ie mur, due au sechage de la terre et au 
retrait lors de la prise du ciment, iI est necessaire de s'assurer que Ie minimum de vides subsiste apres 
mise en place des boules. Pour cela, les points suivants sont a surveiller : 
- les boules doivent etre placees directement a la jonction de la tranche de Zabouren cours de fabrication 
et la tranche precedente, il est, en effet, insuffisant de simplement repousser ce Zabourpour Ie mettre en 
place ainsi qu'on procede traditionnellement, 
- des rainures devront etre realisees dans I'ancien mur afin de faciliter I'adherence du nouveau Zaboursur 
celui-ci. De meme que precedemment, les boules de Zabour devront etre lancees directement dans Ie 
creux entre I'ancien et Ie nouveau mur, 
- a la fin d'une phase de travail, il faudra egalement terminer Ie Zabourpar une forme en escalier afin de fa­
voriser ensuite I'adherence avec Ie nouveau Zabour. 
- une cure de 1 5  jours du zabour sera realisee en disposant une b�che sur Ie mur. 

m�thode traditi onnelle 

rainures 8. 
reaii' ers ur I" /IhL---.,o. \'ancien mur 

lioi, on zab 0 ur -m ur anci en 

s errage des boules 8.reaiiser 

fin d'une �hase de zabour 

figure 11 . Mise en place du labour 
Etat d'avancement des travaux 
Les travaux d'execution du mur ont debute en aoOt 89 par Ie nettoyage des abords exterieurs du mur. Ce 
n'est que courant septembre 89 qu'ont demarre les travaux de fondation et de maC(onnerie. Fin de­
cembre 89, ces travaux etaient acheves sur pres du tiers de la longueur totale du projet (400m). 

En avril 1 990, les ma<;onneries de la base du mur sont realisees sur 90% a I'exterieur du mur, mais les tra­
vaux a I'interieur du mur restent difficiles a entreprendre car ils se deroulent en domaine prive. Le mur ex­
perimental en zabour se comporte tres bien,mais Ie zabour n'a toujours pas ete commence sur Ie mur lui­
meme. 

Les photos des pages suivantes montrent Ie site des travaux ainsi que les conditions dans lesquelles ils 
se deroulent. 

Conclusions 
Ce chantier montre qu'une technique tres traditionnelle peut !ltre modernisee pour s'adapter aux condi­
tions economiques actuelles. De plus, les etudes de laboratoire ont amene I'appui technique necessaire 
pour transformer les connaissances empiriques des Ustas, en connaissances scientifiques quantifiables, 
verifiables sur chantier, et qu'il est possible d'introduire dans un Cahier des Charges. Ce point est un 
point-cle dans la diffusion ou la rehabilitation d'une technique terre, car elle permet de garantir a la fois Ie 
maitre d'oeuvre et I'entrepreneur en etablissant contractuellement les object�s recherches et les moyens 
a meltre en' oeuvre pour les atteindre. 

Zabour : technique traditionnelle de construction en terre, tres specifique au Yemen Nord. 
Elle consiste a realiser des boules de terre argileuse, a I'etat plastique, qui seront ensuite projetees sur Ie 
mur par Ie maC(on de fa<;on a former un "boudin" carre de 60 cm environ de cote. La construction en place 
de murs formes d'une succession de ces boudins donne I'allure caractenstique des maisons du Yemen 
du Nord.(voir §IV) 

2 Wadi : lit asseche d'un fleuve temporaire 
3 malaxeur thermique : SED - CMD 250 LC, modifie AL TECH (OS 200 Embrun, France) 

• RTR : Recommandations pour les Terrassements Routiers 

• LCPC : Laboratoire Central des Ponts et Chaussees 
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