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ABSTRACT 

Predicting the durability 
of structures made of 
rammed earth is  still a 
difficult matter . We 
have studied ways of 
increasing its l i fe span 
by combining sound 
building methods with the 
use of impregnation 
material s  to protect the 
exposed surfaces . 

The research results 
relate static l oad of 
compaction and water 
content to mechanical 
properties and resistance 
to a water drop test . 
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I - INTRODUCTION 

Les constructions en terre crue sont suj ettes a l ' erosion 
10rsqu ' e1 1es sont soumises a des conditions climatiques 
severes .  

L ' importance de ces agents meteorologiques varie largement 
avec Ie type de climat , la localisation geographique , 
l ' exposition et l ' architecture de la construction . Le materiau 
terre est essentiellement sensible a l ' insolation , au vent , 
aux preCipitations , a l ' humidite et a 1a temperature . 

Ces divers facteurs responsables de la degradation des 
constructions en terre , sont difficiles a quantifier et a 
reproduire . I I  faut considerer ceux d ' entre eux qui sont a 
l ' origine de la destruction, afin de mettre au point des 
methodes de mesure caracterisant la durabilite du systeme . 

Dans cet articl e ,  la battance est notre modele,  celui-ci 
traduit l ' erosion de la terre sous l ' action de chocs repetes 
de gouttes de pluie dites " battantes " .  La goutte d ' eau 
arrivant sur la masse de terre exposee ec1ate en proj etant en 
son point d ' impact des gouttelettes chargees de particules 
arrachees . Ce phenomene sera simule au laboratoire a l ' aide 
d ' un essai de vieillissement accelere permettant d ' apprecier 
globalement la durabilite du materiau terre face a l ' action 
destructrice de la  battance . 

II - ESSAIS DE SIMULATION AU LABORATOIRE 

C ' est a l ' aide d ' essais de vieil lissement que l ' on tente 
dans Ie domaine de la protection de selectionner les produits 
conduisant a la duree de vie souhaitee des ouvrages . 

L ' approche donnee par 1a norme ASTM E 632-78 ( 1 9 8 2 ) montre 
Ie besoin d ' adopter une philosophie d ' ensemble , tant a l ' egard 
de la conduite des essais que de leur interpretation ( voir 
Fig . 1 ) .  

En l ' absence de normes internationales sur Ie materiau 
terre,  les methodes experimentales uti1isees sont derivees de 
techniques d ' essais employees pour d ' autres materiaux ( Ie 
beton,  la pierre , etc . . •  ) .  Les essais de vieillissement qui 
ont ete proposes decrivent essentie11ement deux aspects de 
1 ' erosion . Le premier reproduit l ' effet de l ' eau , l iquide sur 
les supports et Ie second , est la combinaison de plusieurs 
facteurs importants ( eau , temperature , insolation, vent ) .  

Plusieurs essais de simulation de l ' erosion ont ete 
proposes : 

- Tadanier ( 19 8 5 ) fait un trou au centre d ' un echanti llon 
compacte et I e  remplit d ' eau pour ensuite determiner son temps 
de del itage . 

- Azzouz ( 1 983 ) suit la degradation d ' un echantillon soumis a 
une lame d ' eau verticale continue jusqu ' a  sa totale 
degradation . 

- Leroux ( 1 978 ) ,  Mariotti ( 19 83 ) ,  proposent de soumettre 
l ' echanti ll on a l ' action-cyclique de sechage-mouillage
rayonnement . 

- Auger ( 1 987 ) simule la degradation d ' un echantillon sous 
l ' action d ' une ambiance marine . 

Toutes les techniques qui viennent d ' etre citees ne peuvent 
qu ' imparfaitement simuler les phenomenes nature l s ,  mais on 
peut touj ours dire que meme une simulation artificielle 
imparfaite ( nombre restreint de facteurs ) peut nous renseigner 
sur la  maniere dont les facteurs interagissent . 
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1. Definition du problema 

r Identifier les caraClerisliques al proprietes J criliques qui servent d'indicateurs de 
degradation. 

II. Tests preliminaires 

Definir las criteres at las besoins 

j 
Caractariser Ie materiau 

Identifier 
les !aeteurs srasi's 

Expliquer de quelle maniars sonl prises en 
comple, les caracterisliques de degradation 

dans Ie lest de vieillissemenl aceelers 

Definir les crileres du lest de prediction de la 
durea de vie 

Concavoir at realiser le(s) lests preliminaires de 
vieillissement aceelers, mettanl en evidence les 
mecanismes de deterioration rapide engendree 

par les 'aetours de degradation exlr�mes 
appliques. 

I 
l 

Identifier les mecanismes de degradation I possibles 

I 

Elaborer des lests utilisanl les lacleu(s de 
vieillissement accelere importanls pour 

determiner I'inlluence des conditions I Candulro des tests A long terma sous les 
conditions de service l 

d'exposilion sur Ie taux de degradation. 

I 

IV. Interpretation 

Comparer les types de degradalion oblenus 
par tes deux tests de vieillissement artificiel et 

naturel 

j 
Q : Les degradations sont elles comparables 

Olll 

Developper des modeles mathemaliques 
evaluanl l'erosion et comparer les taux de 

degradation des deux tests de vieillissemenl 

I 

non 

Figure 1 - Methodologie d ' etude du vieillissement des 
materiaux 

III - TEST DE LA GOUTTE D ' EAU 

L ' essai choisi consiste a soumettre un echanti llon de 
terre compactee a l ' impact repete de gouttes d ' eau et a 
mesurer Ie temps de sa totale degradation . 

Le banc d ' essai congu et realise dans notre laboratoire , 
est un bati dote d ' un plateau mobile et de 5 vannes regl ables 
en hauteur . Ces vannes sont alimentees en continu a l ' aide 
d ' un reservoir a niveau d ' eau constant , la charge etant egale 
a 2 , 5 m. Cinq echantillons peuvent etre ainsi testes en 
parallele . La me sure du temps de delitage ( Td )  est rendue 
automatique grace a des cellules photoresistances , sensibles a 
la lumiere . Ces dernieres sont placees dans des supports et 
reliees a un chronometre . Avant Ie debut du test , les 
echantil lons sont places sur les supports contenant les 
cellules . Le chronometre est enclenche au moment ou les 
echantillons , places chacun sous une vanne , regoivent la 
premiere goutte d ' eau . Lorsque l ' echantillon est erode sur sa 
hauteur , celui -ci se rompt et laisse passer la  lumiere qui est 
alors captee par la  cel lul e .  Cette derniere reagit 
instantanement en arretant Ie compteur ou Ie temps reste 
affiche ( voir Fig . 2 ) . 
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<D. " 

LEGENDE : 

1- RESERVOIR A NIVEAU CONSTANT 
2- ARRIVEE D'EAU AU RESERVOIR 
3- SORTIE DE L'EAU 
4- SUPPORT DU DISPOSITIF 
5- Pl/\ TEAU MOBILE 
6- PISSETTES EN VERRE 
7- ECHANTILLONS EN TERRE COMPACTES 

NOTE : (') PARTIES MOBILES 

LEGENDE : 

1- LA GOUTTE D'EAU 
2- L'ECHANTILLON EN TERRE ENTlER 
3- L'ECHANTILLON EN TERRE DELITE 
4- CELLULE PHOTO RESISTANCE 
5- SUPPORT DE LA CELLULE OPAQUE 
6- HORLOGE 
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7-ALIMENTATION EN COURANT D E  LA CELLULE 
8- REl/\IS PERMETTANT L'ARRET DE L'HORLOGE 

1- DEBUT DU TEST 2- FIN DU TEST 

DETAIL DE DISPOSITION DE LA CELLULE 

Figure 2 - Test de la goutte d ' eau 
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Figure 3 - Temps de delitage en fonction de la hauteur de 
chute de la goutte 
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Le banc d ' essai permet de faire varier les parametres 
suivants 

* hauteur de chute de l a  goutte ( j usqu ' a  1 , 5  m ) ,  
* frequence d ' impact ( fonction de l a  charge hydraul ique et 

de l ' ouverture de l a  vanne ) ,  
* angle d ' inclinaison de l ' echanti l lon a tester ( 0  a 4 5 ° ) .  

Afin d ' evaluer l ' influence de ces trois parametres , des 
tests prel iminaires ont ete effectues sur une serie 
d ' eprouvettes de terre compactee ( Voir Fig . 3 ) .  

L ' energie mecanique de la goutte d ' eau au droit de l a  
section d ' impact est fonction de la hauteur d e  chute d e  l a  
goutte . Une energie d ' impact plus grande favorisera une 
erosion plus importante donc un moindre temps de del itage . 

cone truire 1 8  
courbe proctor 

tl ta t lque 

r�huDlldl l ler  

RC � 

tracer 1a courbe 
Td , t (lO 

Td � 

trac,", r 13 c"urbl! 
R. ' f ( W) 

Figure 4 - Protocole de fabrication et d ' essais des 
eprouvettes au laboratoire 
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Cette energie est plus importante pour un angle d ' inclinaison 
nul . 

L ' erosion de l ' echanti l lon est Ie resultat du cumul des 
energies mecaniques correspondant au nombre de gouttes 
tombees . S i  l a  frequence augmente ,  l ' erosion augmente 
necessairement , par consequent , Ie temps de delitage sera plus 
faible . 

La confrontation des resultats de vieil l i ssement naturel 
'et accelere semble montrer qu ' une demi - heure d ' exposition au 
test de la goutte d ' eau equivaut a 18 moi s  d ' exposition 
naturelle ( F . GHOMARI 1 9 8 9 ) .  

IV - METHODOLOGIE D ' ETUDE 

Afin d ' apprecier les qualites du materiau terre destine a 
la construction en fonction des conditions de mise en oeuvre, 
une methodologie d ' etude au laboratoire est necessaire . 

Les caracteristiques des eprouvettes compactees 
statiquement au laboratoire dependent etroitement de deux 
facteurs preponderants : la teneur en eau et la pression de 
compactage . 

Nous presentons figure 4 Ie protocole de fabrication et 
d ' essais des eprouvettes au laboratoire pour une pression de 
compactage fixee . Le schema est identique si pour une teneur 
en eau fixee on desire faire varier la pression de compactage . 

Ce protocole permet de caracteriser Ie materiau sur l a  
base d e  criteres mecaniques e t  de tenue a l ' eau . 

Nous presentons dans ce qui suit les resultats obtenus 
pour un sol en provenance de Limonest ( 10 km au nord de Lyon ) .  
Cette argile peu plastique ( Ap )  contient 9 7 %  d ' elements 
inferieurs a 80 �m et 1 1 %  d ' elements inferieurs a 2 �m . Sa 
surface specifique totale est de 106 m2 / g .  
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Figure 5 - Variation de la densite seche en fonction de l a  
teneur e n  eau ( p  = 9MPa ) 
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Figure 6 - E f fet de la pression de compact age sur l a  densite 
seche ( teneur en eau 1 2 , 5% )  
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Les resul tats de l ' etude realisee sur ce materiau sont 
representes fig . 5 - 6 - 7 - 8 .  L ' e f fet de la teneur en eau sur la 
densite seche , la resi stance , la tenue a l ' eau et I e  retrait 
volumique a ete determine pour une pression de compact age de 
9MPa . Lorsque nous avons etudie l ' e f fet de la pression de 
compactage , la teneur en eau etait alors de 1 2 , 5% ( teneur en 
eau optimale pour 9 MPa ) .  

I I  res sort de cette etude que 

- les courbes de variation de la densite seche , de l a  
resistance a l a  compression, e t  d u  temps d e  del i t age e n  
fonction d e  l a  teneur e n  eau presentent des optimums . 
L ' optimum de resistance est obtenu pour la teneur en eau 
conferant au materiau la densite seche maximale . La meil leure 
tenue a l ' eau est atteinte pour une teneur en eau de 2% 
superieure a la teneur en eau optimale , Ie retrait volumique 
est alors de 3% . 
- Comme Ie montre la figure 8 la densification des sols 
s ' avere un moyen e f ficace pour augmenter les caracteristiques 
precitees . II apparait neanmoins qu ' au-dela d ' une pression de 
compact age de 9 a 10 MPa les gains de resistance et de tenue a 
l ' eau ne sont pas notables . 
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Figure 7 - E f fet de la teneur en eau sur la resistance , I e  
temps d e  deli tage et Ie retrait volumique ( p= 9MPa ) 
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Figure 8 - E ffet de la pression de compact age , sur Ie temps de 
delitage et Ie retrait volumique ( w  = 12 , 5% ) 

v - CONCLUSION 

L ' erosion des materiaux en terre crue soumis a l ' action de 
la pluie est simulee au laboratoire a l ' aide du test de l a  
goutte d ' eau . Nous pouvons ainsi accelerer Ie viei l l i ssement 
sans s ' eloigner des conditions ree11es et reproduire les 
phenomenes de degradation naturelle . 

Ce test a caractere qualitati f  est un outil simple 
permettant de selectionner les sols et de. definir les 
caracteristiques optimales permettant d ' obtenir une structure 
durable . Ce test nous a par ai1 1eurs permis de montrer 
l ' ef ficacite de la protection du materiau terre par un 
traitement de surface par divers produits d ' impregnation . 
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AB STRACT 

Humidity is a major cause of 
alteration for earthen 
architecture . We have envisaged 
to control the humidity by an 
electro-osmotic draining. The use 
of a carbon fibre electrode would 
bring down the intervention 
price : we checked the efficiency 
of the process and tested such 
an electrode , but the 
experimental conditions are far 
from reality . We hope to define 
the limits of the process by an 
application on the ( archeological) 
site . 

KEYWORDS 

Archaeology , 
architecture , drying , 
el ectro-osmos is , earth . 
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fig 1 
Fig 1 :  Ie potentiel electrocinetique 
Zeta:  p .  particule electronegative , 
e .  potentiel electrique entourant 1a 
particule , h .  potentiel de Nernst , 
s .  couche de Stern . 
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En 1985 une convention de recherche a ete etablie entre Ie Musee National de 
Ceramique et la Division des Etudes et Recherches d'Electricite de France pour 
l'application de procedes electrolytiques au derouillage d' agrafes sur des 
oeuvres en ceramique , materiau non conducteur de l'electricite . C 'est en 1987 
que l'idee d'une utilisation de l'electricite pour l'assechement des biltiments en 
terre a ete lancee dans Ie cadre de cette meme collaboration ;  l'idee n'etait pas 
neuve , on Ie verra plus loin , mais la facette "mecenat" developpee par EDF 
rejoignait un aspect beaucoup plus important de ses preoccupations ,  il. savoir 
des recherches sur l'assechement "en grand" des boues industrielles ,  sur la 
consolidation des sols meubles par injection de silicates et sur Ie tassement 
accelere de materiaux argileux dans les travaux publics . A la suite de contacts 
pris avec Ie Conseil International des Monuments et Sites ,  des representants 
d'EDF et du Musee de Sevres ont ete invites au 5eme colloque sur 
l'architecture de terre tenu a Rome en octobre 1987 . Lors du stage effectue 
en decembre 1987 on a voulu tester l'efficacite d'une electrode en fibre de 
carbone : cette experience de laboratoire , placee dans un contexte de recherche 
intensive , a beneficie des connaissances deja accumulees sur Ie sujet tout en 
ouvrant des horizons sur Ie comportement du materiau a conserver et sur les 
parametres mis en jeu . 

Dans Ie monde , 30% des habitations sont en terre ; meme pour un biltiment 
en bon etat un entretien de la toiture et des ecoulements d'eau est necessaire , 
Ie moindre defaut de protection entrainant une degradation rapide des murs 
souvent difficile a reparer . En France , on trouve la brique crue employee a 
l'interieur des maisons du Beauvaisis pour les cloisons , a l'exterieur pour les 
parements . En effet , c'est un materiau beaucoup moins couteux que la brique 
cuite (on rencontre de tous temps les problemes d'energie ) .  Dans Ie Puy de 
Dome nous avons remarque des maisons de quatre etages construites de la 
meme maniere ainsi que l'utilisation de terre compactee dans des coffrae;es .  

L e  revetement du mur doit etre surveille e t  doH s' accorder avec Ie support . 11 
n'est pan question de reparer les degats avec n'importe quel enduit . La nurfac.e 
du revetement d'origine apparait comme etant tres resistante a la pluie et au 
vent ; c'est sans doute pour cette raison que l'on reenduit regulierement les 
murs ; mais les peintures modernes s'ecaillent et ne jouent pas leur role 
protecteur . Com me un objet archeologique ,  une architecture de terre excavee 
changeant brutalement de milieu n'est plus en equilibre avec son environnement ; 
c'est alors que commence Ie processus de degradation , aggrave par l 'absence 
des protections originales (les structures archeologiques se resument dans bien 
des cas a des constructions privees de leurs protections - toit , enduit de 
revetement - mais l'absence de maintenance est compensee par la protection 
qu'offre l'enfouissement ) .  Les buts poursuivis ici sont Ie ralentissement de la 
degradation par un drainage des surfaces et subsurface du sol , la duree de 
vie des moyens mis en oeuvre devant etre au moins egale a cinq ans . 

Le Materiau 

1 .  La terre : Lors de la 5eme reunion internationale d'experts sur la 
conservation de l'architecture de terre a Rome les 22 et 23 octobre 1987 , Ie 
comite a redefini Ie terme de terre comme etant generique et contenant les 
notions de brique crue , d' adobe , etc . La matiere premiere peut etre melangee 
avec ce qu'un ceramiste appellerait des "degraissants" organiques ou non avant 
d'etre compactee et mise en oeuvre . Quoi qu'il en soit c'est la densite du 
materiau qui determine sa resistance a la compression (a sec ) et sa 
permeabilite .  Le terme de "terre" pouvant impliciter la presence d'argiles , on 
va rappeller quelques particularites . 

2 .  Argiles 

2 . 1 .  Generalites : Le classement d' Atterberg nous presente les particules 
d' argile comme etant les plus petites (inferieures a 2 Ilm ) apres les limons 
( de 20 a 2 Ilm ) , les sables rrrossiers et fins de 2mm a 0 ,  2mr.l , les graviers ( de 
2 mm il. 2 cm) . Si on divisait les mineraux en treize groupes sur une echelle 
d' alterabilite , les illites se situeraient au niveau 7 ( ce sont les argiles 
classiques pour briques , tuiles et poterie) , alors que les argiles gonflantes 
de type montmorillonites seraient au niveau 9 et les kaolinites , plus resistantes , 
au niveau 1 0 .  Le potentiel electrocinetique ou potentiel zeta ( Voir Fiff 1 )  qui 
depend de la concentration en ions et du pH de la solution explique 
l'attraction des molecules d'argile entre elles ou de leur repulsion ; c'est la 
notion de floculation . Une argile en suspension serait caracterisee d'apres J .  
Briant ( 1 )  par sa capacite d'echanges d'ions ( la montmorillonite qui possede 
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f ig, 2 

x x 
Fig 2 :  la couche de HelmoItz . 

f ig 3 

Fig 3 :  schema theorique d'une 
particule de kaolinite entouree de 
son atmosphere ionique : deux 
feuillets d'argile forment une 
membrane dissymetrique qui permet 
1'osmose ou separation par une 
membrane semi-permeable : a .  eau 
liee , b .  ions positifs , c .  eau liee 
par epitaxie , e .  ions OH , h .  OH 
de l'hydrargilite , f .  eau liee . 

d 
e---ti-

a v 

rig 4 
Fig 4 :  Systeme de puits traite en 
cathode (pompe aspirante ) :  d .  
de charge , e .  entree de la pression , 
b .  bec , a .  aspiration , v .  valve , 
f. fiItre , (d'  apres Perry ) .  

Adobe 90 

de fortes capacites d'echanges sera plus stable que la kaolinite par exemple ) , 
par la nature de ces ions ( les argiles calciques gonflent moins et s'hydratent 
mieux que les argiles sodiques mais floculent plus facilement ) ,  par la 
concentration en sels de l'eau (les limons transportes par les fleuves se 
deposent a l'embouchure ) ;  la stabilite d'une suspension d'argile est tres 
sensible au pH ; elle floculera entre pH 2 , 4  et 4 ,  c'est a dire quand il n'y 
aura plus de doubles couches electriques.  

Apres sa mise en oeuvre , l '  argile retrouve sa resistance mecanique initiale : 
c'est la notion de thixotropie . Comme chacun sait , 1'argile est plastique ; cette 
plasticite depend de la dimension des particules et de leur nature , de leur 
forme , et de 1'eau . Enfin la cohesion est expliquee par les forces electriques 
mises en jeu d'une particule a 1'autre , par la forme de ces particules ,  par 
la teneur en eau de l' argile et par la nature de cette eau . 

La theorie de HelmoItz nous montrait 1'image simplifiee de deux particules 
d' argile formant condensateur ( Voir Fig 2 ) .  Aujourd'hui l' origine de la charge 
electrique des particules d' argile est expliquee par plusieurs theories : 
- la theorie electrochimique qui admet que les molecules d' argiles sont ioriisees 
par 1'eau se trouvant entre les feuillets ,  
- les theories basees sur l' absorption des OH- e n  des points strategiques du 
cristal , ( Voir Fig 3) , 
- les theories supposant des liaisons de valence non saturees provenant de 
la repartition irreguliere des ions des constituants de l' argile , 
- par la presence d' aluminium libre qui se comporterait comme un accepteur 
d'electrons sur certaines faces des cristaux d' argile . 

3 .  Le role destructeur de 1'eau : l'eau s'infiltre , ruisselle , stagne ; son action 
est dissolvante , hydratante , hydrolysante , mecanique ; associee au gel 1'eau 
joue un role mecanique dramatique (pour memoire , 1cm 3 d'eau donne 1 , 09cm 3 

de glace 1. Le ramollissement et Ie gonflement de la terre diminuent sa 
resistance mecanique et peuvent s' accompagner de microfissures .  Si l'eau 
transporte des sels en solution , on verra ceux-ci se cristalliser a la surface 
d'evaporation . Les micro-organismes et les vegetaux pionniers se developpent 
des qu'il y a presence d'eau ( 2 ) . 

Electro-Osmose 

1 .  Definition : Casagrande ( 3 )  nous definit l'electro-osmose pour les sols 
formes de particules inferieures a 2 iJm et jusqu'a 4 iJm comme etant un 
mouvement force de 1'eau d'une electrode a l'autre ; il fait circuler un courant 
electrique entre deux electrodes , 1'une placee dans Ie mur et l'autre a 1'ecart 
de celui-ci de sorte que 1'eau se deplace de la premiere vers la deuxieme . 
D'apres Y .  Atlan et colI . ( 4 )  la conductivite d'un milieu aqueux est augmentee 
des qu'il y a presence d'argile , trois parametres intervenant : la capacite 
d'echange de l'argile que nous avons deja vue plus haut , la structure du 
materiau en fonction de la nature de l'argile , la porosite du materiau , enfin 
la nature ionique de 1'eau circulante . 

2 .  Parametres :  Le debit electro-osmotique est proportionnel a : 
- la densite de courant , 

la section des capillaires , 
la resistivite electro-osmotique du milieu , 
au potentiel electrocinetique , 
a la constante dielectrique du milieu . 

3 .  Antecedents :  Le procede a ete tres utilise pour l' amelioration de la 
stabilite de sols argileux : sur 7 resultats collectes sur 4 sites moyens , les 
sites ayant obtenu des valeurs extremes etant ecartes pour ne pas fausser 
1'analyse , on trouve un pourcentage moyen de 7 , 4% d'eau e;ctraite ; les . , echantillons les plus representatifs sont Ayton en Ecosse ou furent trmtes 
des materiaux argileux contenant des sables , des graviers et des . blocs ; les 
anodes y etaient constituees de palplanches et les cathodes de pomtes 
filtrantes en bronze ( Voir Fig 4 ) ;  Ie traitement a dure 6 mois . A Halle , en 
Allemagne , on a traite un melange de loess tendre et de graviers , les . electrodes etant constituees de tuyaux a gaz . Dans les deux cas Ie potenhel 
etait de 1 1 0  Volt s ,  1' amperage n'etant pas mentionne . La societe Elkinet ( R )  
( anode , St . Peter-Strasse 25 , P O  Box 296 , A 4 0 2 0  Lin z )  commercialise 
aujourd'hui un brevet d' assechement pour les batiments qui utilise une 
electrode de polyester conducteur dont Ie coilt d'installation est d'environ 
1500 F / m  TTC pour une consommati�n inferieure a 10 mW en 1 9�8 : D

,
. M?raru 

( 5 )  conclut que Ie probleme de la mIse en oeuvre d'un tel procede d asseche
ment semble resolu en pratique par la limitation de 1'intensite de courant 
( limitation de la corrosion des electrodes et du coilt ) et par Ie choix 
d'electrodes plates non metalliques resistantes aux ions S04 L ,  Cl - , NOL ; 
il va meme jusqu'a preconiser une ventilation des electrodes en conseillant une 
densite de courant dirigee a la surface du sol de 1'ordre de 1 - 3 AI cm2 . 

Experience 

1 .  Choix du materiau : Au cours du stage effectue une manipulation a ete 
mise en route sur un echantillon de kaolinite a 2 I 3 et de sable a 1 I 3 en masse 
pour tester la resistance d'une electrode en fibre de carbone dont l'utilisation 
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Fig 5 :  exemples de mise en oeuvre : 
a .  electrodes installees a 
l'exterieur du bAtiment , permettant 
ainsi d'eviter des travaux 
interieurs , b .  version pour une 
maconnerie exceptionnellement 
epaisse , c .  cave voisinant un sol 
pave , d .  l'electrode negative est 
placee en sous-sol , ( d'apres 
Elkinet ( R » . 
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diminuerait Ie prix de revient d'une intervention . Le PH de l'echantillon au 
depart = 5 .  Le choix des electrodes a ete fait en fonction des produits 
disponibles sur Ie marche par rapport a l'electrode "Lida" du brevet Elkinet ( R )  
(Voir Fig 5 ) ,  ou l'on constate que si o n  exclut les electrodes metalliques comme 
Ie conseille D .  Moraru ( 6 ) , il ne nous restait que Ie graphite.  Dans sa demande 
de brevet J .  Lebeda ( 7 )  revendiquait lui aussi l'idee d'un materiau conducteur 
non metallique . 

Les resultats sont montres dans les Fig 8 et 9 ,  ou : 
- PTH = Poids Total Humide , en grammes , 

PTS = Poids total a sec apres etuvage a 100° C ,  
- W% = Pourcentage d'eau contenue dans les prelevements .  

Conclusion 

Une manipulation en vraie grandeur et dans des conditions reelles de 
conservation est a envisager . Theoriquement Ie principe ne peut fonctionner 
qu'en presence d'electrolyte , c'est-a-dire qu'il necessite de l'eau ; l' avantage de 
ce systeme auto regule c'est qu'il ne demande pas de maintenance particuliere 
une fois Ie " seuil de declenchement" etabli . 

On projette de tester sur un echantillon en vraie grandeur tous ces parametres 
afin de pouvoir proposer une association du procede avec d'autres types de 
protection pour resoudre les problemes de stagnation d'eau a la base des 
structures de terre excavees ayant pour origine les remontees capillaires ou Ie 
ruissellement . Le procede necessitant une mise en oeuvre soignee , notamment 
au niveau des connexions qui ne doivent pas s'oxyder , sa mise en oeuvre doit 
etre effectuee par des specialistes .  La maintenance devrait etre reduite ;  la 
faible consommation en courant electrique autoriserait l'utilisation de capteurs 
solaires dans certains cas . Une telle application permettrait peut-etre de 
reevaluer les resultats obtenus par Ie passe , de poser les limites du procede 
et de definir sa place effective dans la panoplie du conservateur-restaurateur . 
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ABSTRACT 

Every i ntervent ion shou ld be 
p receded by a t h o ro u g h  
understanding of the symptoms of 
deteriorat ion by hum idity, the 
causes of this deterioration and 
their origin. Therefore one needs a 
systematic approach : methodo
logy of analysis and diagnosis. 
This methodology should allow for 
the deve lopment of i ntervention 
techn iques wit h i n  a g lobal  
approach of knowi ng how to 
design with the l imitations and 
potentials of the raw material 
instead of knowing how to armour 
by ignoring those l imitations and 
potentials. 
The methodology is also based on 
the hypothesis of maintenance 
and repair planning being part of 
the intervention as well as follow
up of the intervention technique. 

A co m p re h e n s ive g ri d  fo r 
pathology survey is developed : 

- characteristics of the bui lding 
material i nvo lved i n  t h e  
pathology, 

- symptoms of humidity pathology, 
- causes of pathology, 
- possible origins of pathology. 

Following methodological aspects 
of diagnosis have to be dealed 
with : 

- measurement of the symptoms : 
actual condition and moni-
toring, 

- evaluation of measurements, 
- complementary measurements 

in case of doubts about the  
origins, 

- evaluation of the complementary 
measurements, 

- difficulties of interpretation, 
- interpretation of the symptoms. 

Major gaps for the achievement of 
a comprehensive methodology 
may constitute research priorities 
for the future : 
- interpretation of measurements, 
- evaluation of symptoms, 
- systematic follow-up of interven-

t ion techn iques and dissemi
nation of results allowing to verify 
the validity of the diagnosis. 

KEYWORDS 

Preservation , 
rehab i l itation , earthen 
architecture , wet 
pathology , measurements , 
analysis , diagnosi s .  

Adobe 90 

PATHOLOGIE HUMIDE DE CONSTRUCTIONS EN TERRE 
M ETHODOLOGIE DE DIAGNOST IC 
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I. INTRODUCTION 

Chaque intervention sur Ie terrain doit etre precedee par une comprehension des 
phenomenes de degradation : symptomes, causes, o rigine des causes. Ceci 
necessite une approche methodologique systematique basee sur des hypotheses 
d' intervention clairement expl icitees des Ie depart et qui guideront Ie type 
d'intervention a envisager. C'est pourquoi nous proposons des g ri l les de reflexion 
qui se trouvent dans les tableaux de cette communication. 

A. RESUME DES PRINCIPALES CARACTERISTIQUES 

Par rapport a d'autres materiaux, la terre est extremement sensible aux actions de 
I'eau. 
Ainsi, cette caracteristique du materiau induit necessairement que les constructions 
en terre soient abritees des multiples actions nefastes de I'eau. Ceci ne veut pas 
pour autant sign if ier que les constructions en terre doivent etre totalement 
impermeabi l i sees,  mais convenablement p rotegees des possi bi l ites de 
degradation, dans I'emprise du batiment et a proximite. 
Quel les que soient les amel iorat ions apportees au materiau terre ,  ses 
caracteristiques mecaniques ne lui permettent pas de subi r de fortes sollicitations. 
De tels efforts appliques aux constructions en terre engagent des risques de 
fissurations et de pathologies de structure en general qui peuvent a leur tour 
engendrer des pathologies humides. 

B. HYPOTHESES D'INTERVENTION 

1 .  COMPRENDRE LES EFFETS ET CAUSES DE D ESORDRES 
L'etude des interventions de rehabilitation ou de restauration de batiments en terre 
fait souvent apparaitre ce que no us appellerons 'Teffet domino". Une reparation au 
niveau d'un symptome de pathologie au lieu de la cause va deplacer Ie probleme 
et creer une nouvelle pathologie. Ce n'est qu'en comprenant les effets et causes 
des desordres qu' i l  sera possible de remedier de fa�on i rreversib le aux 
phenomenes de degradation. La nature tras sensible du materiau terre demande 
cette comprehension, car une intervention fautive peut etre plus catastrophique que 
I'absence d'intervention. 

2. R EMEDIER AUX CAUSES DES DESORDRES 
La tendance actuelle fait davantage appel a I ' i ngenierie en vue d'accroitre la 
resistance et de preserver Ie "materiau terre" des agents de degradation, ignorant 
la demarche qui consiste a rendre Ie "batiment" resistant et apte a confronter les 
agents de degradation. 
La demarche de bl i ndage du materiau que decrit par exemple une 
impermeabi l isation totale de I'enveloppe batie tend Ie p lus souvent a sophistiquer 
la mise en oeuvre et a augmenter Ie risque de malfa�ons. Le bli ndage des 
constructions en terre est t res souvent un costume cache-misare .  En plus, 
I'experience a montre que Ie bli ndage peut etre contreproductif et engendrer des 
nouvelles pathologies parfois plus graves. 
La qualite d'une architecture de terre, sa duree tout autant que sa destruction 
rapide dependent pour I'essentiel de la qualite du "savoir concevoir" mais 
egalement du respect des regles essentielles de I'art de bati r en terre. Ces regles 
essentielles peuvent etre resumees par : 
- la connaissance du materiau , de ses caracteristiques et de ses proprietes 

fondamentales, 
- la connaissance des particularites de la technique de construction employee, 
- I'adoption de systemes constructifs simples et compatibles avec les performances 

du materiau, 
- une execution soignee des ouvrages. 

3. INSPECTION ET ENTRETIEN REGULIER 
I I  est necessaire de lancer des Ie depart des programmes d'entretien rigoureux qui 
tiennent compte des facteurs determinants pour Ie maintien des batiments. 
Ce planning tiendra compte des performances des materiaux utilises, de la facil ite 
d'acces au points de controle, du degre d'abandon du batiment et de la frequence 
des visiteurs. 



Problems of Moisture 

II faut etablir une liste des endroits a verifier et la frequence des visites, etablir un 
listing de priorites pour les entretiens futurs, etablir un cahier des charges pour les 
reparations a faire, etabl ir un cahier des charges concernant les competences 
requises de la part du personnel d'entretien et de reparation ,  etabl ir un budget 
previsionnel des frais d'entretien et equipements necessaires, . . . . 
Cette campagne de maintenance doit etre accompagnee d'une campagne de 
sensibi l isation des utilisateurs comprenant des conseils d'utilisation ,  par exemple : 
conseils pour Ie chauffage, la ventilation, points nevralgiques a surveiller, . . . . 

4. SUIVI DE L'EFFICACITE DE L'INTERVENTION 
Beaucoup d'interventions se limitent a la simple execution des travaux et omeuent 
d'assurer un suivi pour controler I'efficacite de I'intervention et de verifier la validite 
du diagnostic. Ceci a pour consequence que certaines techniques subsistent 
encore a ce jour, malgre leur inefficacite ou leur contreproductivite. 
I I  est donc necessaire d'entamer des campagnes de follow-up suivies d'une phase 
de dissemination des resultats aupres des util isateurs potentiels. 

II. ANALYSE DE PATHOLOGIE  

A. METHODOLOGIE  DE DIAGNOSTIC 

Les differentes etapes de la methodologie de diagnostic se resument ainsi : 

CONSTAT ET MESURE DES SYMPTOMES DE PATHOLOGIE 
(CONDITION S U R V EY) 

I I .  SUIVI DE L'EVOLUTION DES SYMPTOM ES (MONITORING) 
I I I .  INTERPRETATION DES CONSTATS ET MESURES 
� R ECHERCHE DES CAUSES 
V. R ECHERCHE DE L'ORIGINE DES CAUSES 
VI. EVALUATION DES SYMPTOM ES 
A DESORDRES METIANT EN CAUSE LE MAINTIEN DU BATIMENT 
B DESORDRES SANS CONSEQUENCES POUR LE MAINTIEN DU 

BATIMENT 
C DESORDRES METIANT EN CAUSE LE MAINTIEN DES 

PARTICULARITES SPECIFIQUES POUR LA VALEUR HISTORIQUE OU 
CULTURELLE DE BATIMENT 

B. SYMPTOM ES 

I I  est necessaire de mentionner que nous parlons uniquement de constat des 
symptomes. II est clai r que des formes de pathologie humide peuvent etre la 
consequence d'une pathologie de structure ou vice-versa. Des pathologies de 
structure peuvent ainsi creer des fissures qui seront un lieu de predilection pour 
I'apparition de pathologies humides du style erosion et infiltration. 

Ci-joint nous proposons une gri l le de reflexion qui systematise et h ierarchise les 
differents symptomes : 
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I. EROSION 
A.  EROSION DE SURFACE 

1 .  UNIFORME 
2. DIFFERENTIELLE 

B. EROSION LOCALISEE 
1 .  EROSION DE LA BASE 
2. EROSION DU SOMMET 
3. EROSION PONCTUELLE 

II. DECOMPOSITION DU MATERIAU 
I I I .  F I SS U R ES 

A. MACRO 
B. MICRO 

IV. H U M I D I T E  
A. SURFACE 

1 .  PERMANENT 
2. TEMPORAIRE 
3. CYCLIQUE 

B. PROFONDEUR 
1 .  PERMANENT 
2. TEMPORAIRE 
3. CYCLIQUE 

V. TAC H E S  
A. RUISSELLEMENT 
B. S E LS 
C. BISTRE 

VI. PARASITES 
A. MOISISSURES 
B. CHAMPIGNONS 
C. MOUSSES 
D. INSECTES 

VII. DEFAILLANCE PROTECTION DE SURFACE EXTERIEURE 
A. UNIFORME 
B. LOCALISEE 

VIII. DEFAILLANCE DE FINITIONS ET PROTECTIONS 
DE SURFACE INTERIEURES 

A. UNIFORME 
B. LOCALISEE 

C. RECHERCHE DES CAUSES DE PATHOLOGIE 

Une grande partie des phenomenes d'erosion sont lies a I'action de la pluie. du 
vent et des etres vivants. 

La pluie a trois effets principaux : 

- impact : I'impact direct et repete de la pluie violente altere la surface des elements 
exterieurs et provoque un effritement. 

- ruissel lement et infi ltrations : I'ecou lement de I'eau de pluie sur une surface 
provoque u ne erosion de surface suivie d' inf i ltrations dans la masse qui 
provoque des ecroulements. 

- rejaillissement et infiltration : impact indirect et repete de la pluie rebondissant sur 
Ie sol ,  auvent,  pavement exterieur, e lements sai l lants ou rentrants, suivi 
d'alteration, effritement et creusement. 

Le vent a une action mecanique d'autant plus marquee lorsqu'il transporte des 
particules en suspension et sous forme de tourbi llons. 
Les etres vivants provoquent des chocs ponctuels d'objets ou d'eau. 
La seconde source de degradation de batiments en terre trouve son origine dans 
I'absorption capi llaire de la nappe phreatique ou d'eau dispersee. 

L'absorption capillaire affecte Ie comportement du materiau terre de trois fac,;:ons : 

- transports de sels qui cristallisent par evaporation, 
- diminution de la resistance mecanique, 
- diminution de la resistance a I'erosion. 

Les remontees capil laires dans la paroi sont fonction de trois criteres : 

- la capi llarite du materiau. 
- pesanteur (po ids de I'eau qui remonte). 
- evaporation (conditions hygrothermiques/permeabilite/quantite d'eau). 
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Cette evaporation peut etre suivie de cristaliisation de sels qui par leur expansivite 
provoquent un effritement de la matiere premiere ou une humidite hygroscopique. 
Les sels solubles peuvent se trouver des I'origine dans la matiere premiere 
(formation de carbonates ou sulfates de calcium apres hydratat ion de ciment 
portland, sels dans la terre, . . .  ), ou provenir  du sol (drainage ,  VRD, nappe 
phreatique, murs construits pres de sources de dechets organiques ou construits 
pres de fosses septiques et egouts defaillants, . . .  ), soit par apport exterieur sous 
forme de pluie et vent (par exemple air marin apportant des sels a base de chlore). 
Dans Ie premier cas les apports sont Ii mites dans Ie temps, dans les autres cas les 
apports ont des sources inepuisables. 
La condensation, troisieme source majeure de degradation ,  et I'hygroscopicite en 
soi ne sont pas toujours forcement nefastes a condition d'etre cycliques et qu'iI n'y 
ait pas d'accumulation permanente ni effets secondaires : 
- perte de resistance thermique, 
- moisissures et biodegradations, 
- decoliements des revetements, 
- degradation des elements decoratifs, 
- risque de gel, 
- confort physiologique, 
- erosion de surface. 

I. EAU 
A. IMPACT 
B. RUISSELLEMENT 
C. INFILTRATION 
D. EAU DE CONSTRUCTION 
E. ABSORPTION CAPILLAIRE 

1 .  NAPPE PHREATIQUE 
2. EAU DISPERSEE 

F. MIGRATION ET CRISTALLISATION DE SELS 
I I .  VAPEUR D'EAU/HUMIDITE RELATIVE/TEMPERATUR E/TAUX DE 

V ENTI LATION 
A. MIGRATION DE VAPEUR D'EAU 
B. EVAPORATION 
C. SATURATION DE LA VAPEUR D'EAU 

1 .  BLOCAGE DE LA MIGRATION 
2. DESEQUILIBRE HYGRO-THERMIQUE 

D. HYGROSCOPICITE 
1 .  MATIERE PREMIERE 
2. PRESENCE DE SELS 

D. ORIGINE DES CAUSES DE PATHOLOGIE  HUMIDE 

Dans ceUe liste d'origine des causes nous retrouvons egalement les pathologies 
de structure qui peuvent creer des points nevralgiques qui seront un  l ieu de 
predilection pour I'apparition de pathologies humides du style erosion et infi ltration. 

I .  ORIGINES EXTERIEURES 
A. EAU 

1 .  PLUIE 
a) IMPACT 
b) RUISSELLEMENT 
c) EROSION DIFFERENTIELLE 
d) REJAILLISSEMENT 
e) INFILTRATION 

2. APPORT D'EAU EXTERIEUR 
a) RUPTURE DE CANALISATIONS D'ECOULEMENT 
b) RUPTURE D' INSTALLATION TECHNIQUES 
c) COURS D'EAUISOURCE/EAU DE SURFACE 
d) NETTOYAGE 
e) INONDATIONS 
f) INCENDIES 

3. NAPPE PHREATIQUE 
4. STAGNATION DE NEIGE/GLACE/FONTEIINFIL TRATION 
5. STAGNATION D'EAU 
6. ASPERSIONS 7. JETS 
8. GOUTTES 
9. HUMIDITE DE MISE EN OEUVRE 
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B. AIR 
1 .  VENT 

a) EROSION EOLIENNE 
b) PLUIE BATTANTE 
c) INFILTRATION 

2. VENTILATION 
3. FACTEU R  DE PRESSION ET SUCCION 

C. TEMPERATURElHUMIDITE RELATIVE/PERMEABILITE A LA VAPEUR 
1 .  CHAUFFAGE DE PIECES AYANT DES PROBLEMES DE 

REMONTEES CAPILLAIRES 
2. CHAUFFAGE DE PIECES PREALABLEMENT NON CHAUFFEES 
3. CHANGEMENT DE TYPE DE CHAUFFAGE 
4. BLOCAGE DE LA "RESPIRATION" 
5. BLOCAGE DE LA VENTILATION 
6. MODIFICATION DE L'ISOLATION THERMIQUE ET PARE-VAPEURS 
7. CONDENSATION DE SURFACE 
8. CONDENSATION INTERNE 
9. PONT THERMIQUE 
1 0. HYGROSCOPICITE 
1 1 .  DILATATION THERMIQUE 
1 2. GEUDEGEL 
1 3. AL TERNANCE HUMIDIFICATION/SECHAGE 
1 4. ALTERNANCE CONDENSATION/EVAPORATION 
1 5. CHOCS THERMIQUES 

D. SELS SOLUBLES 
1 .  CRISTALLISATION 
2. CORROSION 

E. PATHOLOGIE STRUCTURE 
1 .  FISSU RES 

a) MICRO 
b) MACRO 

2. AFFAISSEMENTS 
3. TASSEMENTS 
4. DEPLACEMENTS 
5. FLAMBEMENTS 
6. EFFONDREMENTS 
7. EFFRITEMENTS 

F. BIODEGRADATION 
1 .  INSECTES 

a) ABE ILLES 
b) TERMITES 

2. ANIMAUX 
a) OISEAUX 
b) RONGEURS 
c) ANIMAUX DOMESTIQUES 

3. PLANTES 
a) PLANTES INFERIEURES 
b) PLANTES SUPERIEURES 

G. ACTIVITES HUMAINES 
1 .  TRAVAUX 
2. AMENAGEMENTS DE TERRITOIRE 

a) ROUTES 
b) BARRAGES 

3. CHOCS ET DEGRADATIONS 
4. UTILISATION INADEQUATE 
5. MAINTENANCE DEFAILLANTE 

II. ORIGINES INHERENTES AU BATIMENT 
A. MATIERE PREMIERE 
B. MISE EN OEUVRE 

1 .  PROCESSUS DE PRODUCTION 
2. PROCESSUS DE CONSTRUCTION 

I I I. ORIGINES INHERENTES A L'UTILISATION 
A. MODE DE VIE 
B. TRANSFORMATIONS 
C. ENTRETIEN 
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E. DIAGNOSTIC 

1 . M ES U R E  DES SYMPTOMES: CONSTAT ET/OU SURVEILLANCE 
(MONITO RING)  
Tous les phenomenes de  pathologie humide sont lies a la presence d'eau ou  de 
vapeur d'eau qu'il faut quantifier et dont il faut determiner I'origine. 
Dans un premier temps les apparei ls electriques portatifs peuvent permettre de 
determiner la localisation et I'etendue des zones humides. Pour cela il est uti le 
d'employer une methodologie rigide de notation .  
La methode de reference pour la quantification de la teneur en eau est I'etuve a 
1 0SoC pendant 24 heures. II existe par contre une mu ltitude de mesures 
alternatives. 

Parmi les methodes directes, on trouve : 

- mesure du poids des solides et difference, 
- mesure du poids ou volume du liquide, 
- mesure du volume des solides, 
- mesure du volume d'air. 

Les methodes indirectes sont : 

- resistance electrique, 
- Ii mites de consistance, 
- diffusion de chaleur. 

Pour to utes ces methodes, Ie resu ltat n'est pas necessairement fiable dO a 
I ' influence de certains parametres : 

- influence de la temperature de sechage, 
- influence de I'air confine dans les vides, 
- influence du type de sol, 
- influence de I'hypothese de base de la methode employee, 
- influence de la presence de matieres volati les, organiques et de sels, 
- absence d'une relation li neaire entre Ie phenomene mesure et la teneur en eau 

ree l le. 

Les differentes methodes ne donnent donc pas forcement Ie mame resu ltat et sont 
souvent uti l ises a titre i ndicatif ou comparatif. Cette constatation n'empache 
neanmoins pas d'effectuer un diagnostic. 

Vu que plusieurs phenomenes sont lies a la pression de vapeur d'eau I'on peut 
immediatement proceder aux mesures necessaires. 

Dans certains cas, il sera uti le de proceder au depistage de sels cristallises en 
surface afin de pouvoir faire une distinction entre hygroscopicite, eau absorbee et 
condensation ou afin de verifier la validite ou de quantifier I'erreur systematique 
des mesures de teneur en eau par Ie biais de la resistance electrique. 

Le simple constat ponctuel est malheureusement souvent insuffisant et il faudra 
faire appel a des procedures de surveillance dans Ie temps (par exemple, les 
phenomenes de condensation de surface peuvent apparaitre seulement a 
certaines periodes de la journee ou de I'annee). Ces procedures de releve sont 
generalement de longue duree afin de permettre la distinction entre phenomenes 
constants, cycliques constants ou cycliques croissants. 

Apres avoir emis des hypotheses sur la source, il est egalement possible de 
proceder a des mesures complementaires pour verifier I'hypothese emise. 

Nous recommandons egalement de proceder immediatement a la prospection de 
condition des batiments avoisinants. Ce constat elementaire peut neanmoins atre 
indispensable pour determiner les origines de la pathologie. 
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I . TENEUR EN EAU 
A. ESSAIS IN SITU 
1 . DESTRUCTIF IEXEMPLES 

a) CARBURE DE CALCIUM 
b) BAIN DE SABLE 
c) RESISTANCE ELECTRIQUE 

(1 ) ECHANTILLON DE PLATRE IMBIBE 
(2) TIGES DE SONDAGE 

2. NON DESTRUCTIF IEXEMPLES 
a) INFRAROUGES(CAMERA) 
b) RESISTANCE ELECTRIQUE 

(1 ) POINTES DE SONDAGE 
c) METHODE NEUTRONIQUE 

B. ESSAIS DE LABORATOIRE IEXEMPLES 
1 .  ETUVE 1 05°C 
2. METHODE DU PYCNOMETRE A AIR DIFFERENTIEL 
3. BALANCE D'HUMIDITE 

II. VAPEUR D'EAu/HUMIDITE RELATIVEITEMPERATUREITAUX 
DE VENTILATION 
A. ESSAIS IN SITU 

1 .  DESTRUCTIF 
a) COMPORTEMENT DES MATERIAUX 

(1 ) TEMPERATURE DES MATERIAUX 
(a) INTERIEUR IEXEMPLES 

i) THERMOMETRE A CELLULES SEMI
CONDUCTRICES EN GYPSE 
i i )  SONDE DE TEMPERATUR E  DE CONTACT 

2. NON DESTRUCTIF 
a) COMPORTEMENT DES MATERIAUX 

(1 ) TEMPERATURE DES MATERIAUX 
(a) SURFACE IEXEM PLES 

i) TORQUE THERMO-ELECTRIQUE 
i i)  THERMOMETRE INFRAROUGE OPTIQUE 

(2) PRESSION DE SATURATION DES SURFACES IEXEMPLES 
(a) CONDENSATEST 

b) ANALYSE DE L'ENVIRONNEMENT AMBIANT 
(1 ) HUMIDITE RELATIVE IEXEMPLES 

(a) HVGROMETRE ELECTRONIQUE 
(b) HVG ROGRAPHE 
(e) PSVCH ROM ETRE 

(2) TEMPERATURE DE L'AIR IEXEMPLES 
(a) THERMOMETRE A L'ALCOOL 
(� THERMOMETRE INFRAROUGE 
(e) THERMO-HVG ROMETRE 

(3) INSTRUMENT MESURANT LE POINT DE ROSEE IEXEMPLES 
(a) THERMO-HVG ROMETRE 

I I I .  SELS SOLUBLES 
A. ESSAIS IN SITU 

1 .  NON DESTRUCTIF IEXEMPLES 
a) NITRITEST 

2. M ESURES COMPLEM ENTAIR ES 
Ce sont essentiel lement des tests qui permettent de verifier les hypotheses 
d'origine  de cause de patho logie et de mieux comprendre les phenomenes 
constates en cas de doute. l is ne sont done pas fondamentaux pour effectuer un 
diagnostic. 

La premiere action consiste a verifier I'emplacement et Ie fonctionnement de toutes 
les canalisations d'adduction ou d'evacuation. Ce constat simple et elementaire 
permettra dans beaucoup de cas d'identifier I'action de prevention a envisager. 
La deuxieme action consiste a verifier la capacite de drainage du sol de fondation 
et de I'entourage et a detecter la presence d'une nappe phreatique. Ceci permettra 
de faire une distinction entre les differents types d'exposition d'humidite : humidite 
permanente, passagere, eau d'accumulation, eau dispersee, humidite naturelle du 
sol. En meme temps ces mesures donneront des indications sur Ie comportement 
structurel du sol. 

L'analyse du taux de ventilation permettra d'expliquer des phenomenes l ies a 
I 'humidite relative : condensation, evaporation. 
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l'analyse des sels et la mesure du pH de la terre utilisee pour construire et du sol 
dans I'entourage du batiment peut aider a constater ou expliquer des desordres, 
mais pourra egalement servir plus tard pour determiner les caracteristiques de la 
matiere premiere en cas de reconstruction. Par exemple, Ie pH affecte la floculation 
ou la dispersion des arg i les. Certaines techniques de preservation (electro
osmose, stabilisation chimique . . . .  ) modifient Ie degre d'acidite et modifient donc Ie 
comportement de la terre soit en bien ou en mal. 

lorsque I'hypothese d'infi ltrations d'eau de pluie a travers Ie mur est envisagee, on 
peut la verifier en faisant des essais a la boite de permeabi lite qui peut mesurer Ie 
debit absorbe par Ie mur sous une charge constante. 

I. CONTROlE DE lA lOCALISATION DES CANALISATIONS 
A. EVACUATION 

1 .  ASSAINISSEMENT 
2. EAU DE PlUIE 

B .  ADDUCTION 
1 .  EAU D'UN RESEAU 
2. EAU DE SOURCE 
3. EAU DE PlUIE 

C. INSTALLATIONS TECHNIQUES 
1 .  CHAUFFAGE 
2. INCENDIE 

D. INSTRUMENTS POUR LA lOCALISATION 
1 .  PACHOMETRE OU PROFOMETRE 
2. DETECTEUR DE METAUX 

II. CONTROlE DE l'ECOUlEMENT DES CANALISATIONS D'EVACUATION 
(DEBIT) 

III. CONTROlE DE l'ECOUlEMENT DES CANALISATIONS D'ADDUCTION 
(PRESSION) 

IV. HUMIDITE DANS lE SOL 
A. TENEUR EN EAU NATUREllE 
B. NAPPE PHREATIQUE 
C. PERMEABILITE ET CAPACITE DE DRAINAGE 

1 .  ESSAIS IN SITU 
2. ESSAIS DE LABORATOIRE SUR ECHANTlllON CAROnE 

V. CONTROlE DU TAUX DE VENTILATION 
VI. SElS 

A .  MESURES QUALITATIVES 
B. MESURES QUANTITATIVES 

VII. ACIDITE 
VIII. ABSORPTION CAPllLAIRE DES MATERIAUX DE 

CONSTRUCTION 
A. VERIFICATION INFilTRATION DIRECTE D'EAU DE PlUIE IN SITU 
B. ESSAIS DE LABORATOIRE SUR ECHANTlllON CARonE 

IX. HYGROSCOPICITE 

3. EVALUATION DES MESURES 
II est souvent difficile de faire la distinction entre les humidifications dues aux 
infi ltrations de la pluie et par exemple I'absorption capillaire ou la condensation. 
Toutefois certaines caracteristiques des desordres peuvent fournir des indications 
sur la nature du phenomene constate. 
les infi ltrations par la pluie donnent naissance a des taches d'humidite bien 
determinees, meme si el les sont etendues. El les peuvent passer par un maximum 
quelques heures apres une pluie importante. 

les manifestations des remontees capil laires se traduisent generalement par une 
frange humide permanente qui depend de nombreux facteurs : 

- caracteristiques du materiau, 
- possibil ites d'evaporation, 
- epaisseur du mur. 

les condensations de surface se situent generalement a des endroits ou la 
temperature de surface atteint Ie point de rosee ce qui est accentue aux angles et 
aux parties a isolation thermique moins elevee (reduction de I'epaisseur/presence 
d'autres materiaux moins isolants/ponts thermiques). 
la specificite du materiau terre demande neanmoins une prudence dans 
I'etablissement du diagnostic. Ceci necessite une recherche systematique plus 
poussee sur la relation entre les symptomes et les origines de la pathologie. 
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4. EVALUATION DES SYMPTOMES 
I I  est important de faire une distinction entre les differents types de desordre car 
ceux-Ia dicteront Ie type d'intervention a envisager. Ces types sont classes selon 
un ordre decroissant d'urgence et d'importance de I'intervention. 
Comme dans beaucoup de cas, la science et I'experience sont tres developpees 
dans Ie domaine des mesures de phenomenes. L'interpretation et Ie· jugemelit de 
ces mesures sont souvent arbitraires et n'ont pas a ce jour de base scientifique. 

I. DESORDRES METTANT EN CAUSE LE MAINTIEN DU BATIMENT 
II. DESORDRES METTANT EN CAUSE LE MAINTIEN DES PARTICULARITES 

SPECIFIQUES POUR LA VALEUR HISTORIQUE OU CULTURELLE DE 
BATIMENT 

III . DESORDRES SANS CONSEQUENCES POUR LE MAINTIEN DU 
BATIMENT 

III. CONCLUSIONS 
L'objectif principal de cet expose est de proposer une grille de reflexion concernant 
I'analyse et Ie traitement des pathologies humides bases sur des hypotheses 
d'intervention bien precises : 

- comprendre les effets, causes et origine des causes des desordres, 
- intervention au niveau des origines des causes de pathologie, 
- inspection et entretien regulier. 

Cette analyse a permis d'identifier trois lacunes majeures pour I'aboutissement 
d'une approche coherente : 

- manque de bases solides permettant I'i nterpretation des mesures dans la phase 
du diagnostic, 

- manque de bases solides permettant I'evaluation de la gravite des symptomes 
egalement dans la phase du diagnostic, 

- manque de suivi et evaluation systematique des interventions techniques et 
diffusion des resu ltats permettant aussi de verifier la validite du diagnostic 
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ABSTRACT 

The average grain-size 
distribution of  New Mexican 
adobe soils was 67 wt% 
sand-and-Iarger size , 2 7  
wt% s ilt size , and 6 wt% 
clay size . Ground water o f  
the state is  mostly "hard" 
to "very hard , " containing 
up to several thousand 
parts per mill ion TDS . 
Adobe soil clay mineralogy 
is varied , but the clay
s ize fraction commonly 
consists of about equal 
proportions of expandable 
clay minerals ( smectite and 
mixed-layer ill ite/smec
tite) and non-expandable 
clay minerals ( kaol inite , 
i l l ite , and chlorite ) . 
Calcite ( caC03 ) is nearly 
ubiquitous , especially in 
the clay- and silt-size 
fractions .  Analyses of 
soil mixes show that the 
soluble part (principally 
calcite) averaged 1 0  wt% ,  
but ranged from 3 6  wt% to 
zero . The New Mexican 
climate in which calcium 
ions are retained in soils 
rather than leached pro
duces many of the mineral 
constituents and physical 
properties of the state ' s  
earthen wal l s .  

Adobe soils from other 
arid parts of the world are 
generally quite similar in 
particle-size , bulk miner
alogy , clay mineralogy , and 
the amount of soluble 
minerals present , but adobe 
soils from tropical areas 
with considerable rainfall  
can be quite di fferent . 
The West African nation of  
Ghana has earthen wal l s  
that appear t o  contain 
particles with finer aver
age size ; quartz and hal
loysite ; and only a very 
small amount of soluble 
minerals . Therefore , 
different cl imates produce 
different types of adobe 
soil s ; different production 
techniques produce wal l s  
with different physical 
properties . Conservation
ists must consider these 
points when selecting 
appropriate preservation 
techniques for earthen 
architecture . 

KEYWORDS 

Adobe , clay minerals , 
mineralogy , cl imate , New 
Mexico 
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ADOBE AND RELATED BUILDING MATERIALS IN NEW MEXICO , USA 

George S .  Austin 
New Mexico Bureau of Mines and Mineral Resources 
Campus Station , 
Socorro , NM 8 7 8 0 1  
U . S . A .  

Introduction and History 

Mud is one of the oldest building materials used by man . Some of 
the earl iest remains of  adobe structures are those discovered in 
the ruins of  Neolithic farming villages in Mesopotamia dating as 
far back as 7 00 0  B . C .  [ 1 ] . The word "adobe" has its roots in 
Egyptian hieroglyphs denoting brick and evolved through Arabic 
and Spanish to its present form [ 2 ] . spanish conquests of  the 
New World spread the use of wooden molds to produce a standard 
adobe brick . Today , the word "adobe" is used to describe various 
earth building materials and techniques , usually referring to 
sun-dried adobe brick now used in the united States , but also 
appl ied to puddled adobe structures , mud-plastered logs or 
branches ,  and pressed-earth blocks and rammed-earth wal l s  (pise) . 

The first recorded use of adobe in the Americas was around 
3 0 0 0  B . C .  in the Chicama Valley of Peru [ 3 ] ; common use of  
earthen construction in the American Southwest probably does not 
predate the 1 0th or 1 1th century A . D . , when the use of puddled 
adobe and rammed earth began [ 4 , 5 ] . Examples of adobe from this 
period can be seen at such New Mexican locations as Casa Grande 
and the multistoried Taos Pueblo ( see fig .  1 ) . 

What is known as the Indian period of construction concluded 
upon arrival of the Spanish colonists in 1598 ; new techniques and 
forms of architecture were introduced into New Mexico [ 6 , 7 ] . 
Yet , because of the isolation of the region and bare survival 
conditions for the new settlers , the Spanish Colonial period was 
characteri zed by l ittle technical or cultural advancement . Most 
buildings of this period were constructed much the way and of  
the same materials that I ndians had used before . 

The opening of the Santa Fe Trail in 1 8 2 1  s ignaled the 
beginning of influence from midwestern and eastern states and 
lessening of the adobe influence in New Mexico . The 1 8 4 6  occupa
tion of the region by the U . S .  Army , and in 1848  the annexation 
of the Territory of New Mexico , brought a flow of new materials 
and ideas . I n  the 1 8 8 0 ' s  the railroad passing through the south
west provided new settlers and eastern building materials that 
included milled lumber, window glas s ,  burned brick , and corrugat
ed iron . But again , because of the isolation of the area , tech
nology and building materials commonly used elsewhere were only 
slowly established in New Mexico . As a consequence , the American 
Southwest is the center for adobe construction of homes , church
es , and commercial buildings , as well  as of old mil itary forts . 

Present Conditions in the American Southwest 

Although adobe structures are found throughout the united States , 
the four contiguous southwestern states--New Mexico , Arizona ,

. Texas and Cal ifornia--contain 9 7 %  of this country ' s  adobe bUlld
ings [ 8 ] . In 198 0 ,  an estimated 17 6 , 000 adobe homes occupied by 
over hal f  a million people were in use in this country , with 
approximately 1500  new adobe homes built each year . Of the four 
southwestern states , New Mexico is the acknowledged leader in the 
adobe market , each year commercially producing betw.een 3 - 4  mil
l ion adobe brick . This figure represents about hal f  of the total 
annual production and represents between 6 00-800 new dwell ings 
each year . In 198 0 ,  about 1 2 %  of all buildings in the state , or 
5 9 , 0 0 0  buildings , were estimated to be constructed of adobe and 
in use . 

Earthen Construction 

Several different varieties and sizes of earthen brick have been 
produced throughout the American Southwest ; these include tradi
tional adobe , semistabil ized adobe , New Mexican terrones ( cut-sod 
brick) , quemado ( burnt adobe ) , and machine-presse�-earth b�ock ; 
in addition rammed-earth wal l s  are constructed wlthout brlck 
[ 9 ] . The t�o maj or types of  adobe brick currently produced in 

New Mexico are traditional adobe brick and semistabil ized adobe 
brick . 



Figure 1 .  Five-story Taos 
Pueblo originally built of 
puddled adobe (made by 
patting mud into a wall 
shape) before the 
introduction of Spanish 
adobe forms . Note mud 
plastering that is carried 
out each year to maintain 
the structure . 

Figure 2 .  Adobe mud placed 
in 10-brick ladder forms at 
the commercial adobe yard 
of New Mexico Earth in 
Alameda , New Mexico . 

Figure 3 .  Earth Press III 
pressed-earth-block machine 
manufactured near Grants , 
New Mexico , and set up near 
a wall under construction 
in Velarde , New Mexico . 

Figure 4 .  Exterior 60-cm
thick rammed-earth wall of 
home under construction by 
Soledad Canyon Earth 
Builders , Mesilla , New 
Mexico . 

Adobe 90 

Often referred to as untreated or sun-dried adobe brick, 
traditional adobe is made with soil composed of sand , silt , and 
clay . Straw is sometimes added to prevent excessive cracking 
during drying . The moistened soil mixture commonly is packed 
into a brick-like mold , released ( see fig . 2 ) , and allowed to dry 
or "cure" for several weeks before use . 

semistabilized adobe brick was developed by maj or adobe 
producers in New Mexico and is classified as a water-resistant 
brick because of the addition of 3-5  wt% of a stabilizer or 
water-proofing agent . The stabilizer is used to protect the 
brick from damage by rainstorms during the curing process . 
Asphalt emulsion is the primary stabilizer because of the ease of 
use and the low cost , but 5-10 wt% portland cement is also used . 
Semistabilized adobe is made the same way as traditional adobe , 
except for mixing the stabilizer into the adobe soil prior to 
packing it into a form . 

Fully stabilized adobe brick is defined by the New Mexico 
Building Code as water-resistant adobe made of soil with certain 
admixtures that l imit the brick ' s  seven-day water absorption to 
less than 4 wt% . A fully stabil ized adobe brick usually is made 
with 6-12 wt% asphalt emulsion . Exterior walls constructed with 
stabilized mud mortar and brick require no additional protection 
and can be left exposed without stucco . The production of fully 
stabilized adobe brick is very low because most walls are stuc
coed with water-resistant plaster, and the additional 
waterproofing agent adds �xtra cost without returning added 
benefits . 

A breakdown of New Mexican adobe-brick production in 1987 
shows 27% were traditional ( untreated) bricks , 6 8 %  were semista
bilized , and 5% were stabilized .  These percentages appear t o  be 
fairly typical of the 1980 ' s ,  as semistabilized adobes were 
generally accepted as the adobe brick of choice . Prior to the 
1970 ' s ,  most adobe buildings were built with traditional adobes . 

Pressed-earth block presently makes up a small portion of 
earth brick currently used in New Mexico [ 10 ] . The CINVA-RAM 
hand-operated press was developed by a Chilean engineer in the 
1950 ' s  and has been used in New Mexico , but the maj ority of 
pressed-earth blocks in the state are made by gasoline- or die
sel-powered machines ( see fig. 3 )  Several have been designed and 
used in New Mexico in the past to press the adobe soil mixture 
into a form , minimiz ing the amount of time required between 
forming the block and placing it into the wall . Portland cement 
or asphalt emulsion has been used to partly or fully stabulize 
pressed-earth blocks . In 1987 , 2 8  pressed-earth-block machines 
in New Mexico produced about 64 2 , 000 earth blocks , but all 
pressed-earth-block producers were small-volume and/or part-time , 
or non-commercial . 

Rammed-earth homes commonly have much thicker walls than 
most other earthen dwellings , up to about one m thick . Wooden or 
metal concrete forms are put in place on stone or concrete foot
ings and 15-20 cm thick layers of moistened soil are put between 
the walls of the forms . Hand or hydraul ic tampers are used to 
pound the soil into the shape of the form and reduce the volume 
of the mixture by 25-30% , into a dense and firm compaction . 
After multiple layers of the tamped soil reach the desired 
height , forms are removed and the wall is allowed to dry ( see 
fig .  4 ) . Portland cement is the common stabilizer used . Produc
ers indicate that rammed-earth walls continue to harden , or cure , 
during the first year after construction . During 1987 , the 
state ' s  two rammed-earth construction firms built three homes 
[ 1 1 ]  • 

Characterization of New Mexico Adobe Soil 

Analyses by the New Mexico Bureau of Mines and Minerals Resources 
of mud bricks from buildings abandoned or under repair show old 
adobes are compositionally the same as modern adobes , except that 
they lack stabilizers now in common use . The soils for various 
types of New Mexican adobe walls are all similar in composition , 
but with interesting minor variations primarily based on produc
tion techniques . These differences may cause variations in the 
effectiveness of preservation methods used on earthen architec
ture 

Geoloqy--Soils used by New Mexico ' s  present-day adobe producers , 
and probably past adobe producers as well ,  are principally from 
stream deposits ,  particularly Holocene (Recent) terrace deposits 
and older , loosely compacted geologic formations , such as the 
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santa Fe Group ( Tertiary) located in the Rio Grande valley . 
Although adobe structures are scattered over the entire state , 
they are most common in abandoned and present-day communities 
along the Rio Grande and its tributaries . Nearly 80% of commer
cial adobe producers are between Taos in north-central New Mexico 
and Belen near the center of the state , and most of them use a 
sandy loam ( 50 %  clay and silt) associated with or derived from 
the Santa Fe Group . 

Particle-size Distribution--Forty one analyses of the soil used 
in 1988 by 3 8  commercial earth block and wall producers indicate 
that the soil material contains 2 7-89 wt% sand-and-larger-grain
s i z e ,  8-68 wt% silt-siz e ,  and 1-15% clay-size grains (Table I ,  
see fig .  5 ) . The average grain-size composition was 6 7  wt% sand
and-larger, 27 wt% silt , and 6 wt% clay . The wide variation of 
particle sizes ,  particularly in the sand-and-larger-size and 
silt-size grains , affects the penetration of preservatives 
sprayed or painted on wall s .  The smaller the average grain size,  
the more surface area is involved , and the more preservative is 
needed to stabilized a wall to a given depth . Adobe walls with 
high clay- and/or silt-size content would need the most . Clay
size particles also act as molecular sieves and catalysts in some 
cases . 

Soil used for earthen building materials in New Mexico is 
coarser than was expected and contained far less clay-size parti
cles than most New Mexico producers indicate . The common state
ment is that their mix is usually one-hal f  sand and one-half 
" clay" or " f ines" ( silt and clay ) ; however , commercial adobe 
soils range from 8 5  to 99 wt% non-clay particles . When drying 
adobes develop excessive cracks because of the abundance of clay
size particles , producers add straw and/or additional sand to the 
mud mixture . 

Large-scale commercial adobe producers use adobe soils with 
less clay-size material than do small-scale commercial and non
commercial adobe producers . Some of the former are as low as 
about 1 wt% clay ,  whereas many of the latter are between 8 and 15  
wt% (Table I ) . In part , this is because large-scale commercial 
adobe producers use stabilizers which not only protect blocks 
from rain damage , but aid in consol idation of the drying soil mix 
as wel l .  These stabil izers , particularly asphalt emulsion , may 
inhibit penetration by some preservatives into wal l s .  

Bulk Mineralogy--X-ray diffraction analyses of whole-rock samples 
indicate the maj or constituents of adobe soils are quartz and 
feldspar , with lesser amounts of ( in order of abundance) calcite , 
clay minerals , and gypsum . The quartz ,  feldspar , most of the 
clay minerals ,  and some of the calcite are derived from the 
mechanical/chemical breakdown of older rocks units . Some of the 
clay minerals ,  much of the calcite , and all of the gypsum is 
precipitated from evaporating ground water . 

� Mineralogy--Although smallest in percentage of size frac
tions in earth construction material , clay-size grains are the 
most compositionally variable (Table I ) . In general , clay miner
als in this size fraction consist of about equal parts of expand
able clay minerals ( smectite and mixed-layer illite/smectite or 
I/S ) , non-expandable clay minerals (kaolinite , illite , and chlor
ite) , with minor quartz , calcite , and feldspar [ 12 ] . The range 
of clay-mineral compositions is shown in Table 1 .  The smectite 
is universally calcium-rich and the I/S is disorganized , randomly 
interstratified smectite and illite . Chlorite was found in only 
two samples , and vermiculite , sepiol ite , and palygorskite were 
not found in this study . While in minor amounts ,  clay-sized 
calcite was found in nearly every adobe soil sample . 

Expandable clay minerals tend to be more " sticky" than non
expandable varieties and thus are more effective in binding silt 
and sand particles together .  Expandable clay minerals also form 
colloidal suspensions with water and therefore moisture , whether 
as rainfall or ground water , has the greatest effect on adobe 
soils with the largest proportion of smectite and I/S . 

For past producers , as well as those in the present , expand
able clay minerals were sometimes a problem . Cracking of drying 
adobe brick in New Mexico is due most probably to the relatively 
large proportion of smectite and I/S in adobe soil : soils with 
higher clay content , but lower smectite and I/s content , will 
have less tendency to crack . Cracking is extreme on windy days 
when the shrinking clay structure is changing rapidly . Drying 
slowly over many relatively calm days allows multiple layers of 
finely crystall ine calcite ( and some gypsum) to form on a clay
size scale strengthening the bricks and preventing cracks . 
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Hydrol ogy--Ground water near the Rio Grande valley is generally 
hard to extremely hard , containing total dissolved sol ids (TDS ) 
ranging from about a hundred parts to several thousand parts per 
million [ 13 , 14 ] . Soluble salts , notably calcium carbonate and 
calcium sul fate , are precipitated as this water evaporates .  
White crusts o f  these salts at the surface are common in marshy 
areas of the state during most of the year.  Cal iche layers from 
prolonged precipitation of calcium carbonate from ground water 
j ust below stabile surfaces and calcium-rich soi l s ,  are common in 
New Mexico , particularly in the older sedimentary units close to 
'the Rio Grande [ 15 ] . 

Leaching tests with EDTA ( ethylenedinitrilotetraacetic acid) 
on 25 adobe soils ( see fig . 6) indicate the soils contain an 
average of about 90% insoluble and 10% soluble material � the 
latter is dominantly calcite and some gypsum . In this study , 
soluble material ranged from 3 6  wt% to essentially zero . Adobe 
soils with the smallest amount of soluble material were also the 
highest in sand and larger-size particles . 

Adobe Soils from other Parts Q! the World 

The cl imate plays a large role in dictating what is acceptable 
adobe soil . Arid regions , similar to New Mexico , should have 
similar average grain size,  bulk mineralogy , clay mineralogy , and 
soluble mineral matter [ 16 ] . Tropical areas with a great deal of 
precipitation , at least during some of the year, may have quite 
different adobe soils . Some parts of the West African nation of 
Ghana have seasonal high rainfall and considerable earthen con
struction . Mud is commonly rolled into balls that are then 
placed into wal l s ,  patted into shape, and allowed to dry . Walls 
produced in this manner stand without a water-resistant stucco 
for tens of years with only minor damage [ 17 ] . 

Areas with greater rainfall than evaporation have a domi
nance of aluminum-rich clay minerals ,  in particular , kaol inite , 
but only minor soluble compounds of calcium , magnesium , sodium , 
and potassium . Deeply weathered soils consist essentially of 
quartz (most commonly as very fine-grained sand and silt) and 
kaolin minerals . Abundant rainfall commonly produces halloysite , 
a variety of the kaolin group of minerals with loosely attached 
structural water � it is probably the most common clay mineral in 
tropical soils . Halloysite has the poorest crystall inity of any 
of the kaol ins � it expands and contracts with fluctuating water 
content , but it also irreversibly loses water as dryness ap
proaches . 

Patting the mud into shape is an equivalent to the rammed 
earth technique used in New Mexico and produces a dense wall of 
very f ine-grained material . The thoroughly dried mud wall 
contains dewatered halloysite , which cements structural ( quartz)  
grains together .  Clay-size halloysite grains at the wal l  surface 
act as a natural stucco which prevents penetration of moisture 
into a wall more than a few mill imeters . Erosion of the wall is 
therefore a very slow process ,  even during torrential downpours 

Summary and Conclusions 

Samples of commercial earth construction materials from many 
different parts of New Mexico , the principal adobe-producing 
state , commonly contain varying amounts of quartz , feldspar, 
calcite , and clay minerals .  The clay-size fraction is the 
smallest of the particle sizes . Clay minerals in this fraction 
consist of about equal parts of expandable and non-expandable 
types , but the proportions of individual clay-mineral groups 
( kaol inite , illite , smectite , I/S , and chlorite ) vary widely . 
Soluble nonclay minerals in the clay-size fraction , especially 
calcite , are nearly ubiquitous . 

In much o f  New Mexico ,  calcium ions are retained in soil and 
water . When earth block and walls harden ,  calcium , mainly as 
carbonate , appears to crystallize on a microscopic scale and aids 
in binding mineral grains together . This occurs during the 
"curing" process that may last several weeks and that producers 
believe is vital for producing high-qual ity block and walls . 
Calcium-rich , f ine-grained cementing agents in earth blocks and 
wal l s  in New Mexico are the dominant factor in the hardening of 
earth bricks and walls . The arid climate that causes retention 
of calcium ions therefore is essential in the production of the 
earth-wall construction materials used in New Mexico and the rest 
of the American Southwest . 

The results o f  particle-size,  bulk mineralogy , clay mineral
ogy , and leaching analyses of New Mexican samples are quite 
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typical of results of tests on adobe soils from similar arid 
cl imates in other parts of the world . The results of those tests 
on adobe soils from tropical counties where soluble ions are 
leached away are quite different . Therefore , the cl imate produc
ing adobe soils must be considered in the interrepretation of 
analytical data . Similarly , the cl imate may be the deciding 
factor in which preservation technique to use , because the suc
cess of those techniques is very dependent on the physical 
properties and mineral constituents of earthen architecture . 
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TABLE I .  
ANALYSES OF ADOBE SOILS FROM 4 2  COMMERCIAL NEW MEXICAN PRODUCERS 

PRODUCER 

A .  D .  Adobe 
Adobe Internatl . 
Adobe Bricks of NM 
Adobes Unl imited 
Aguires Services 
Big "M" Sd . & Grv . 
Correction Indust . 
Coyote Adobe 
DeLaO Adobe 
Eloy Montano 
Gal l egos Sd . & Grv . 
Huston Constr. 

Huston resample 
Jaquez Constr . 
Paul Martinez 
Medina ' s  Adobe 
Ralph Mondragon 
New Mexico Earth 
Northern Pueblos 

Nambe Pueblo 
Poj oaque Pueblo 

Otero Bros . 
Picuris Pueblo 
Isleta Pueblo 

Isleta resample 
Ridge Adobe 
Rio Abaj o Adobe 
Archie Rivera 
Jim Rivera 
Rodriguez Bros . 
Steve Romero 
Manuel Ruiz 
Roman Sandoval 
Candelario Saucedo 
Carl & L. steiner 
The Adobe Farm 
The Adobe Patch 
Tim ' s  Adobe 
El ias Vargas 
Trini Velarde 
Western Adobe 

AVERAGE 
Maximum 
Minimum 

PARTICLE 
SAND+ SILT 

% % 
8 5  1 3  
69 2 2  
8 1  1 6  
6 7  3 1  
52  4 5  
3 4  6 0  
5 4  4 0  
7 2  24  
7 1  2 1  
6 1  3 5  
84 10  
68  2 5  
69 2 5  
6 9  2 6  
55  36  
76  9 
54 42  
78  18 

40 55 
57 3 7  
68  2 0  
4 1  55  
89 10  
89 10  
7 6  9 
77  21  
8 3  15  
6 0  3 1  
63 30 
77  19 
7 3  2 0  
2 7  6 8  
66  26  
55 37 
50 4 1  
8 0  18 
8 1  8 
8 3  1 6  
4 8  4 7  
8 3  13  

67 
89 
2 7  

28 
68 

8 

SIZE 
CLAY 

% 
2 
9 
3 
2 
3 
6 
6 
4 
8 
4 
6 
7 
6 
5 
9 

15  
4 
4 

5 
6 

12 
4 
1 
1 

15  
2 
2 
9 
7 
4 
7 
5 
8 
8 
9 
2 

1 1  
1 
5 
4 

6 
15  

1 

CLAY MINERALOGY 
SMEC I/S ILL KAO CHLOR 
-------parts in 10-------

4 1 3 2 0  
3 TR 2 5 0 
6 1 2 1 0 
1 2 3 4 0 
1 3 2 3 1 
3 2 2 3 0 
o 3 3 4 0 
3 3 2 2 0 
1 4 3 2 0 
2 2 3 3 0 
2 4 1 3 0 
1 4 3 2 0 
2 2 2 4 0 
2 2 1 5 0 
1 4 2 3 0 
1 5 2 2 0 
1 5 1 3 0 
2 4 1 1 2 

2 
3 
3 
3 
2 
2 

TR 
1 
1 
1 
1 
4 
2 
1 
2 
1 
2 

TR 
1 
1 
2 
2 

2 
.6 
o 

2 
4 
3 
3 
3 
3 
3 
1 
3 
2 
4 
2 
4 
3 
2 
4 
3 
2 
4 
4 
3 
4 

3 
5 
1 

4 
2 
1 
2 
2 
2 
3 
2 
3 
1 
3 
2 
2 
3 
2 
2 
2 
5 
3 
4 
2 
1 

2 
5 
1 

2 
1 
3 
2 
3 
3 
4 
6 
3 
6 
2 
2 
2 
3 
4 
3 
3 
3 
2 
1 
3 
3 

3 
6 
1 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
2 
o 

Sand+ is sand-and-larger-grain size ; clay material is divided 
between smectite ( SMECT) , random mixed-layer i l lite/smectite 
( I/ S ) , i l l ite ( ILL) , kaol inite ( KAO) , and chlorite ( CHLOR) , and 
in parts of 10 ; trace (TR) is less than 1/2 part in 10  



Figure 5 .  Plot of sand and 
larger , silt , and clay 
grain-size fractions of 4 2  
production adobe soils used 
in New Mexico . The diagram 
shows the dominance of the 
larger particle sizeS 
compared to clay grain-size 
material .  

Figure 6 .  Summary of 
leaching analysis of 25 
adobe soils used in New 
Mexico . The average 
insoluble fraction 
( insoluble in EDTA after 

boil ing for four hours) is 
9 0 % . 
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ABSTRACT 

A mineralogical survey of 
adobes from several historic 
and archaeological earthen 
st ructures in diffe rent 
part s of the world was 
undert aken to evaluate the 
var i ab i l it y  in durab i l i t y  
and r e s i s t ance t o  
weathering . The mineral 
composition ( inc luding c l ay 
type and quant i t y )  and 
overall part i c l e  s i z e  
distr ibut ion w a s  determined 
for each sampl e .  A study o f  
the effect ivene s s  of two 
chemi cal consol idant s ( a  
s i l ane and a n  i socyanat e )  on 
the adobe s amples was a l s o  
performed . Prel iminary 
results indicate that 
variation in c l ay mineral ogy 
and grain s i z e  dist ribut i on 
p l ay s i gn i f i cant roles in 
the succe s s  or fai lure of 
chemi cal consol idat i on . 

KEYWORDS 

Adobe , c l ays , compo s i t i o n ,  
erosional sus cept ibi l it y ,  
grain- s i z e distr ibut ion , 
mine ral ogy , x-ray 
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Background and I ntroduction 

Earth has been used in the construct ion o f  she l t e r s  by mank ind for 
thousands of years [ I ] , and approximate l y  30 percent o f  the 
world' s present population s t i l l  l ive in earthen dwe l l i ngs [ 2 ] . 
Adobe ,  and other forms o f  earthen structure s ,  are manufact ured 
throughout the world and use the s implest of mat eri a l s : e arth 
( cl a y ,  s i lt and s and) and wate r .  The actual comp o s i t i o n  depends 

upon the raw mat e r i a l s  which vary around the world . Due t o  the 
inherent weakness of earth in wat e r ,  most surviving archaeological 
and abandoned historic s t ructures are l o cated in arid or semi - arid 
environment s .  Many inhab ited, and the re fore maint a ined, earthen 
s t ructures exist in areas of high rainfal l .  Because adobe i s  one 
of the earliest known material s ,  it is not surpr i s ing that a 
number of the world' s s i gn i fi cant cultural s t ructures are composed 
o f  adobe . Howeve r ,  many of these historic s t ructures have a very 
t enuous existence . 

Research into cons o l i dat i on and pre s e rvat i on of h i s t o r i c  
earthen s t ructures h a s  become an import ant sub j ect a t  t h e  Getty 
Con servat i on Inst itute ( GC I ) . The focus at the GCI has been on 
adobe , or sun-dried earthen bricks . Many important h i storic adobe 
buildings , part icularly archaeologi cal s t ructure s ,  are in danger 
of being lost due to expo sure to the e l ement s ,  spe c i f i c a l l y  water . 
There fore , the need for an e ffect ive method o f  prote ct ing adobe 
against deteriorat ion by water has become apparent . For modern 
adobe construct ion the so lut ion is much easier because d i f ferent 
addit ive s can be combined with the initial adobe mixture . For 
historic adobe t h i s  i s  not p o s s ible . Howeve r ,  one promi s ing 
method is treatment with chemical consol idant s . This approach has 
been attempted in the past , generally with poor resu l t s  [ 3 ] . 

Early research int o treatment of adobe with chemical 
consol idants conducted at the GCI demon st rated that hexamethylene 
di i s ocyanat e-derived polyme rs and s i l ane esters were most 
e f fect ive in protect ing adobe from deteriorat ion by wat er [ 4 ] . 
Ongo ing research has shown that diffe rent adobes react di f fe rent ly 
t o  attempted chemical con sol idat ion . This appears t o  be 
cont rol led by the composit ion o f  the adobe,  spe ci f i c a l l y  the c l ay 
mineral ogy , the part icle - s i z e  dist ribut i o n ,  and the phys i cal 
condit ion , espe c i a l l y  internal cohe s ion of the st art ing mate r i a l . 
Because of this it was decided that adobes from around the world 
wou ld be examined in an attempt t o  determine the range of 
responses and most e f fect ive methods for consol idat ing d i f ferent 
mat er i a l s . This involved charact eri z ing the comp o s i t i o n  ( i . e . , 
bulk mine ralogy, c l ay types and the ir re lat ive amount s ,  organ i c  
mat t e r  cont ent , amount of soluble s )  and part i c l e- s i z e  dist ribu t i on 
o f  the d i f fe rent s ampl es . 

Materials and Methodology 
Adobe s amp l e s  were c o l l e cted from e i ght s i t e s . The se include 
h i s t o r i c  adobe from China , Egypt , EI S alvado r ,  I s rae l ,  and New 
Mexi c o ,  and modern adobe from New Mexico and southern Cal i fornia 
( USA) . The historic adobe from New Mexico ( F S - 1 )  i s  approximat ely 
1 0 0  years o l d  and was c o l lected from the ruins o f  the former army 
post Ft . S e lden in southern New Mexico . Two s amples o f  h i s t o r i c  
adobe from China w e r e  col lected from t w o  different s i t e s . O n e  i s  
from a 4 0 0  t o  6 0 0 -year-old Ming dynasty fort ( CH- 1 )  l o cated near 
Datong in northern China . The other i s  from an 1 1 0 0  to 1 4 0 0 - year
old Tang Dynasty t emple (CH- 2 )  l ocated near Dunhuang in 
northwestern China at the edge o f  the Gobi de sert . Two s ampl e s  of 
1 3 6 5 - year-old adobe from EI S alvador ( E S- 1 ,  E S - 2 )  were obt ained 
from a s i t e  located at El Ceren . The Egypt ian adobe ( EG- 1 )  was 
obt ained from the Temple of Karnak which i s  l ocated on the N i l e  
and i s  approximat e l y  3 5 0 0  years old . Samples of two diffe rent 
3 8 0 0 - year-old adobes from Tel Dan ( TD- 1 ,  TD-2 ) in northern I s rael 
we re a l s o  evaluated . The modern adobe from New Mexico was made at 
the s i t e  of Ft . Se lden ( F S - 2 ) . Two s amples o f  modern adobe from 
s outhern C a l i fornia were a l s o  evaluated . One was made near the 
city of Ventura ( CA- 1 ) , north of Los Ange l e s ,  the other from the 



TABLE I .  
BULK ADOBE MINERALOGY 

SAMPLE 

CA- 1 
CA-2 
CH- 1 
CH-2 
EG-1 
ES- 1 
ES-2 
FS- 1 
FS-2 
TD- 1 
TD-2 

MINERALOGY 

Q» PI » CI > Kf 
Q» Kf > PI > CI 
Q > Ct > PI > CI 
Q » Ct » Kf > PI > CI 
Q >  PI > Kf > CI 
Q >  CI > Fs 
Q � Fs > CI 
Q » Kf > PI > Ct > CI 
Q » PI > Kf > CI > Ct 
Q » CI > PI 
Q > Ct » CI � Fs 

Codes for bulk mineralogy : 
CI = clay, Ct = calcite, Fs = feldspar, 
Kf = orthoclase, PI = plagioclase, 
Q = quartz 

TABLE I I . 
CLAY- S I ZE FRACT I ON « 2� )  

MINERALOGY 

SAMPLE 

CA- 1 
CA-2 
CH- 1 
CH-2 

EG-1 
ES-1 
ES-2 
FS- 1 
FS-2 
TD-1 
TD-2 

MINERALOGY 

I > K � I/S > S  (+/- Q, Fs) 
I � I/S > K > S (+/- Q, Fs) 
I/S > I � Ch > K > S (+/- Ct, Q) 
I >  Ch > I/S > K >  S (+/- Q, Ct. 
Fs, D) 
K � S > I/S (+ /- H) 

Ha (+/- Fs) 
Ha (+/- Fs) 
I/S > K > I > S  (+/- Q, Ct, AI) 
I � K > I/S > S  (+/- Q, Fs, Ct) 
I »  I/S � K (+/- Q,H,Z) 
K »  I/S > I (+/- Q, Ct) 

Codes for clay-size fraction mineralogy: 
Ch = chlorite, Ha = halloysite, I = illite, 
I/S = mixed-layer illite and smectite, 
K = kaolinite, S = smectite ; (+/
indicates non-clay minerals detected 
but their relative abundance not 
determined : AI = allophone, Ct = 

calcite, D = dolomite, Fs = feldspar, H = 

halite, Q = quartz, Z = zeolite) 

TABLE I I I .  
GRAIN- S I ZE D I S TRIBUT I ON 

ADOBE SAND+ S I LT CLAY 
> 62� 62-2� <2� 

CA- 1 8 %  65 % 27 % 
CA-2 82 % 1 7 % 1 %  
CH- 1 30 % 58 % 1 2 %  
CH-2 14 % 65 % 21 % 
EG-1 4 %  84 % 1 2% 
ES-1 57 % 40 % 3 %  
ES-2 66 % 31 % 3 %  
FS-1 43% 33 % 24 % 
FS-2 9 %  53 % 38 % 
TD-1 5 %  59 % 36 % 
TD-2 27 % 67 % 6 %  
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S ant a Fe Springs area o f  Los Ange l e s  ( CA- 2 ) . 

Who le rock and c l ay mine ral ogy of the adobes were obt a ined by 
X- ray di f fract ion (XRD ) analyse s . Part i cle s i z e  d i s t ribut i on was 
det ermined using mechan ical s i eving for the s and- and- l arger
( s and+ ) and s i l t - s i z e  part i c le s ,  and a settl ing tube for the 
c l ay- s i z e  fract i on . The grain s i z e  di st ribut ion i s  reported as a 
percent o f  s and- s i z e  and greater ( > 62�m) , s i l t - s i z e  ( 62 - 2�m) , and 
c l ay- s i z e  « 2�m) . Examinat ion us ing s cann ing e le ctron micros copy 
( SEM) permitted visual compari son of the c l ay morpho l ogy from 

d i f ferent adobe s ,  and e l emental compo s it i ons were obt ained by 
energy-di spers ive X-ray anal y s i s  (ED S ) . Addit i onal analyses 
include det erminat i on o f  soluble componen t s  such as cal cium and 
magne s ium carbonat e s  and sul fat e s  by EDTA 
( ethylenediaminetetraace t i c  acid) leaching , dete rminat i on of the 

amount of volat i l e s  and organ ic matte r  by combust i o n ,  and natural 
r e s i s t ance to d i s aggregat ion in water . The amount o f  volat i l e s  
a n d  organi c  material was det ermined b y  t a k i n g  a represent at ive 
s amp le of adobe and gr inding it into a powder . This was then 
p l aced in a t ared crucible and we i ghed, heated in an oven at 3 0 0 0  
C for approximately 1 8  hours , then removed and a l l owed t o  cool in 
a de s i ccat o r ,  and rewe ighe d .  The resulting we i ght l o s s  includes 
moisture as we l l  as organ ic matt e r . The e r o s i onal sus cept ibil ity 
or re s i st ance t o  disaggregat ion in wate r  was dete rmined by p l acing 
a s ampl e  o f  e ach adobe into a beaker of de i o n i z e d  wat er and 
observing how quickly it dis aggregate d .  

I n  addit ion t o  the above test s ,  several o f  the adobe s amples 
were t reated with chemical cons o l i dant s :  a s i lane , manufactured by 
P r o S oCo Inc . as Conservare Stone St rengthener H� ( S S - H ) . This i s  a 
tetraethy l o rtho s i l i cate with methylt ri ethoxys i l ane for water 
rep e l lency and contains 75% act ive sol ids in an acetone -MEK 
s o l ve�t . The S S - H  i s  app l i ed di rect l y  to the adobe without 
dilut i on with addit ional solvent s . The other con s o l i dant was an 
i s ocyanat e ,  manu factured commerc i a l l y  by Mobay Corporat ion unde r 
the name De smodur N - 3 3 9 0� ( DN- 3 3 9 0� ) .  This i s  produced as a 9 0 %  
s o lu t i on in a n  aroma t i c  hydrocarbon and n-butyl acetate mixed 
so l vent and must be di luted with appropriate s ol vent s before 
app l i cat i on t o  the adobe . Both the s i l ane and i s ocyanate 
polymeri z e  by react ing with moi sture present in the adobe and from 
the atmosphere . Some of the adobe s amples t reated with the above 
chemi cals were reconst ituted into plugs prior to treatment . This 
was accomp l i shed by mechan i c a l l y  d i s aggregat ing pieces o f  the 
original adobe , mixing the material with wat e r ,  and pouring the 
result ing s lurry int o sma l l  ( 2 2  mm x 40 mm) cyl indrical molds . 
The f i l led molds were p laced in an oven set at 5 0 0  C and al l owed 
to dry . The result ing plugs were removed from the molds and given 
t ime to equ i l ibrate with the ambient l aboratory condi t i ons ( 2 2 0  C ,  
4 0 % - 5 0 %  RH ) , then treat ed . 

Analytical Results 

Bulk and c l ay mineralogies determined by XRD ana lyses are l i sted 
in tables I and I I ,  re spect ively . As shown in t able I ,  most 
adobes are composed of quart z ,  feldspa r ,  clay,  and somet imes 
calcite . The c l ay minerals of the adobes are l i sted in t able I I ,  
i n  order o f  decreasing abundance . I l l i t e ,  kaolinite , smect ite , 
and mixed- layer i l l it e - smect ite are the most common c l ays 
dete cted . Howeve r ,  halloysite was ident i f ied as the only c l ay 
mineral present in the samples from El Salvador and was not 
detected in any other s ample . Both s amp l e s  from China cont ain 
minor chlorit e ,  whi ch i s  also absent from all the other adobe 
s amp l e s . Other unusual minera l s  include an amorphous , hydrated 
aluminos i l i cate mine ral , p o s s ibly a 1 1 0phane . The presence o f  
a l l ophane i s  inferred based o n  the appearance of a high background 
level in the 1 5 0  to 4 0 0  29 range , whi ch was only observed on the 
F S - 1  XRD pattern . A high background s ignal i s  charact e r i s t i c  o f  
amorphous materi a l s ,  in contrast t o  cryst a l l ine mat e r i a l s  whi ch 
generate dist inct peaks on an XRD pattern . Trace amounts o f  
halite were a l s o  detected in the c l ay- s i z e  fract i on o f  EG- 1 ,  and 
TD - 1 . Even though halite is a common evaporite mineral found in 
arid regions ,  it was surpris ing t o  find i t  in the c l ay- s i z e  
fract ion s ince i t  should have been d i s s ol ved out during the 
separat ion procedure . Calcite,  when ident i f ied in the bu l k  
ana l y se s ,  w a s  a l s o  found in the c l ay- s i z e  fract i on . 

Table I I I  l i s t s  the grain- s i ze dist ribut ion for the adobe 
s ampl e s . For most of the samp l e s ,  the ma j ority of the mat e r i a l  i s  
s i l t - s i zed,  f o l l owed b y  c l ay- s i zed,  then sand+ - s i zed part i cles . 
Adobe compo s i t i o n s ,  based on grain- s i z e ,  are p l otted on a s and
s i l t - c l ay ternary di agram in figure 1 .  The shaded area represent s 
the prefe rred range o f  s o i l  compos it i on for making adobe [ 5 ] . 
Most o f  the adobes examined do not have grain- s i z e  d i s t r ibut ions 
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Figure 1 
F i gure 1 .  Ternary diagram 
showing s and- s i lt - c l ay 
composit ions o f  adobe . The 
cro s s-hatched area i s  the 
prefe rred range of s o i l  
compo s it i on f o r  making adobe 
[ 5 ] . Numbers mark the . 
comp o s i t i on of the adobes 
examined for this study . 
l=CA- l ,  2 =CA- 2 , 3=CH- l ,  
4 =CH- 2 ,  5=EG- l ,  6=ES - l ,  
7=ES- 2 ,  8=FS - l ,  9=F S - 2 , 
l O =TD- l ,  1 1 =TD-2 . 

Table IV . 
EDTA Leaching Analyses 

ADOBE 

CA- l 
CA-2 
CH-l 
CH-2 
EG-l 
ES-l 
ES-2 
FS- l 
FS-2 
TD- l 
TD-2 

% Inso lub l e s  

not analyzed 
99 % 
75 % 
77 % 
97 % 
96 % 
97 % 

not analyzed 
not analyzed 

93 % 
73 % 

Table V .  
Combus t i on Analyses 

ADOBE 

CA- l 
CA-2 
CH-l 
CH-2 
EG-l 
ES-l 
ES-2 
FS- l 
FS-2 
TD- l 
TD-2 

�WT . % 

5.3 % 
2.8 % 
2.0 % 
3.8 % 
5.9 % 
6.4 % 
9.6 % 
1 .5 %  
1 .3 % 
6.4 % 
5.2 % 

Adobe 90 

which correspond to this range . 

F igure 2 shows SEM photomi crographs o f  two adobes ( TD- l and 
TD- 2 )  demonstrat ing the variabi l ity o f  c l ay cryst a l l inity . F i gure 
2a ( TD- 2 )  shows we l l - devel oped, crystall ine c l ay part i c l e s ,  
whereas in f i gure 2b ( TO - I ) the c l ay exhibits poor cry s t a l l inity 
and appears more c o l l o idal . The SEM photomicrographs in f igure 3 
demonstrate the range of c l ay part i c l e  s i z e . F igure 3a ( TD- 2 )  
shows a predominance o f  c l ay part i c l e s  greater than a few �m in 
s i z e . However ,  in f i gure 3b ( F S- l ) , most o f  the distingui shable 

F i gure 2 .  Environment al SEM secondary elect ron micrographs o f  c l ay 
part i cles from two dif ferent adobe s . a )  Photograph on l e ft i s  
sample o f  T e l  Dan l i ght adobe ( TD- 2 )  which exhibits f a i r l y  coarse
grained c l ay part i cl e s  with wel l-devel oped, cryst a l l ine shapes .  
b )  Photograph on right i s  s ample o f  Tel Dan dark adobe ( TO- I )  in 
which the c l ay is poorly cryst a l l ine and more co l l o idal in 
appearance . The white scale bar in both phot o s  i s  2 �m .  

F igure 3 .  Envi ronment al SEM secondary e lectron micrographs showing 
the d i f ference in c l ay grain s i z e  for two adobe s .  a )  Photograph 
on l e ft is of Tel Dan l i ght adobe ( TD-2 ) with most of the clay 
part icles being several � in s i ze or greater . b )  Photograph on 
r i ght i s  o f  Ft . S el den adobe ( F S- l )  where most o f  the c l ay 
part i c l e s  are sub-� in s i z e . Magn i f i cat i on in both photos i s  
x2 0 0 0  and scale bar i s  5�m i n  f i gure 3 a  and l O�m i n  f igure 3b . 



4000 

3000 
OJ E-< Z g 2000 
u 

1000 

0 0.0 

4000 

3000 
OJ E-< Z g 2000 
U 

1000 

0 0.0 

S 
I 

A 

S 
I 

A 
L 

M 

Figure 4a 

TD-2 CLAY ANALYSIS 

F 
E 
7.0 6.0 9.0 10.0 
kV 

Figure 4b 

TD-l CLAY ANALYSIS 

F 
E 7.0 8.0 9.0 10.0 
kV 

F igure 4 .  Energy dispers i ve 
X- ray spect ra of c l ay 
part i c l e s  shown in figure 2 .  
a )  Tel Dan-2 . Note the l ow 
S i /Al rat i o  and the presence 
o f  Mg , Fe , Ca, K ,  and Ti . 
b) Tel Dan- I . Note the 
higher S i /Al rat i o  and 
unusual Mn concent rat ions in 
addit i on to Fe , K, C a ,  T i ,  
and Mg . The Mn may b e  due 
t o  the presence of c o l l o idal 
Mn oxides a s s ociated with 
the clays . 
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Figure 5 

F i gure 5 .  Bar-graph showing 
length of t ime adobe s amples 
remained submerged in wat er 
before dis aggregat ing . 
Samp l e s  E S - l ,  E S - 2  and CA- 2 
rema ined int act after 2 4  
hours o f  submergence . 
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c l ay part i c l e s  are sub-�m in s i z e . F igures 4 a  and 4b i l lustrate 
the cont rast ing energy-dispers ive X-ray spect ra for the clays in 
figure 2 .  

The resu l t s  o f  the EDTA leaching experiment s are presented in 
t able I V  whi ch l i st s  the pe rcent o f  inso luble mat e r i a l  remaining 
after le aching . The l eached mat e r i a l  should include a l l  
carbonate s  and s a l t s  ( su l fat e s  and/or chloride s )  but n o t  s i l i cates 
or oxide s . Table IV shows that adobes cont ain varying amoun t s  of 
s o luble mat e r i a l s  ranging from only a few percent up t o  27% by 
we i ght . 

Combu s t i on of the s amples resulted in varying amount s o f  
we ight l o s s , from 9 . 6% t o  a s  l i t t l e  a s  1 . 3 % ( t able V ) . T h i s  i s  
apparent l y  due t o  differing amount s o f  incorporated wate r  and/ or 
organic matter .  I n i t i a l  heat ing ( up t o  1 0 5 0  C )  indicates that 
some we i ght l o s s  ( 0 . 2 % t o  2 % )  is due t o  water or other volat i l e s  
such as C02 , within t h e  inorgan i c  fract i on .  The rest o f  the 
we i ght l o s s  on combus t i on i s  interpreted to be from o rgani c  
matter . 

Re s i st ance to d i s aggregat ion of dif ferent adobes in water i s  
variable . S ome t ypes prove t o  b e  resi st ant whi le others 
dis aggregate immediat e l y  upon contact with wat e r . Re sults o f  the 
dis aggregat ion experiment are presented in figure 5 .  The most 
r e s i s t ant adobes appear to be the 1 3 65 year old mat e r i a l  from El 
S a l vado r ( E S - l ,  E S - 2 )  and the recent adobe from Los Ange l e s  ( CA-
2 ) . Al l three of these adobes were in water for more than 2 4  
hours without dis aggregat ing, even when mildly agit at e d .  Although 
the adobes from Egypt and China survived l e s s  than one hour they 
did requ i re some agit ation before they di s aggregated . However ,  
the adobes f rpm New Mex i co ( F S - l ,  F S - 2 )  and I srael ( T D- l ,  TD- 2 )  
experienced comp l et e  dis aggregat ion i n  l e s s  than one minute with 
no agitat i on . 

S amples of original adobe and plugs made by rewo rking the 
adobe from New Mexico ( F S - l ,  F S - 2 )  and I s rael ( TD- l ,  TD- 2 )  were 
t re ated with DN- 3 3 9 0� or S S - H� in an attempt to con s o l i date and 
render them r e s i s t ant to deteriorat ion in water . The 
reconstituted s amp l e s  of F S - l ,  F S - 2  and TD- 2  were e ffect ive l y  
con s o l i dated and rendered resi st ant t o  disaggregat ion by wat e r . 
However ,  t re atment of original pieces o f  those adobes was not a s  
succe s s fu l . Although the original pieces were rendered wate r  
resi st ant , they were n o t  cons o l i dated in t h e  s ame manner a s  the 
recon stituted mate r i a l . S ample TD-l could not be succe s s fu l l y  
t reated whether it w a s  in i t s  original form or recon s t ituted . As 
soon as t h i s  mat e r i a l  came in contact with the consol idant - s o lvent 
s o l ut i o n ,  it immediately dis aggregat ed . This response is due t o  
t h e  polar organ ic ketone so lvents u s e d  with t h e  consol idant s . 
This t ype o f  react ion has not been observed for any other adobe or 
s and- c l ay mixture , and the reason for this behavior is not , as 
yet , clear t o  us . 

Discussion 

The predominance o f  quart z and feldspar in adobe i s  expected s i nce 
they are the most common mineral s on the earth ' s surface , in 
addit i on to being very r e s i s t ant to mechan ical and chemical 
bre akdown . The presence o f  c l ay i s  nece s s ary s i nce it i s  the 
binding mat e r i a l  in adobe which holds the much l arger quart z and 
feldspar grains t ogether . The most common c l ays detected ( i l l it e ,  
kao l i n i t e ,  smect ite , and mi xed- layer i l l ite- smect i t e )  are the by
products of the chemical breakdown of s i l i cat e s  and other l e s s  
stable minerals which are no l onger present . Hal l oy s i t e  forms by 
weathering,  or hydrothermal alterat i on of feldspars , 
feldspathoids , or other s i l icates [ 6 ] , and i t s  occurrence in the 
adobes E S - l and E S - 2  was a surprise . Howeve r ,  in a subt rop i c a l  
a r e a  such as E I  S a l vado r ,  t h e  weathering a n d  chemical breakdown o f  
feldspars i s  n o t  as unexpected as it would be in a n  a r i d  regi on . 
The occurrence o f  chl orite in the China samp l e s  indicate a source 
that is very different from the source of the other adobe s ,  s ince 
no chl orite was det e cted in any other s amp l e . Although the 
presence o f  a l l ophane in F S - l  wa s unexpected, its occurrence i s  
not unreasonable . Al lophane i s  formed b y  the chemi cal breakdown 
of very f ine-grained or glassy vol cani c  material which is common 
in that area of southern New Mexico . What is intriguing is that 
no indicat i on of the presence of a l l ophane has been found in the 
re cent adobe manu factured at the s ame l ocat i on . The occurrence of 
calcite is not surpris ing s ince it is a common mineral found in 
arid or semi-arid envi ronment s .  Calcite a l s o  act s a s  a cement , 
occurring natura l l y  or by the addit i on o f  l ime which, when mixed 
with adobe and wat e r ,  i s  converted over t ime into cal cium 
carbonate ( i . e . , calcite)  by react ing with atmosphe r i c  C02 . I n  
addi t i on ,  t h o s e  samp l e s  ( e . g . , CH- l ,  CH- 2 , and TD- 2 )  cont aining 



s i gn i f i cant amounts of material s oluble in EDTA a l s o  cont ain a 
s igni f i cant amount o f  calcite . Thi s indicates that much o f  the 
EDTA- s o luble material may be attributed to calcite instead o f  
salts or sulfat e s . 

The SEM micrographs help relate bulk measurement s such a s  
grain s i z e  t o  the degree o f  cryst a l l inity and morpho l ogy o f  the 
adobe mat rix . Each adobe has a di f fe rent appearance in the SEM 
that is related to the c l ay type , s i z e ,  and degree of weathe ring . 
Samp l e s  that t ended to disaggregate readi l y  had a more open 
texture , or l e s s  coherent mat rix than s amples that performed we l l  
in those test s . The EDS spectra show that the adobe compo s i t i ons 
are f a i r l y  s im i l ar , with S i ,  AI , K ,  C a ,  and Mg ( rarely Ti,  Na,  or 
Mn) a s  the e l ement s present . One s ample ( TD- 1 )  cont ained 
s igni f icant Mn concent rat ions , suggest ing that c o l l o i dal Mn oxides 
mi ght be assoc i ated with the clays in that s ample . 

The amount o f  combustible material varied from s amp l e  t o  
s ample . Sample E S - 2  exhibited the greatest we ight l o s s  with 9 . 6 % ,  
whi le the least we ight l o s s  occurred in the case o f  F S - 2  with 
1 . 3 % .  Although a number o f  the adobes contained vi s ible organi c  
matter such as straw, grass or wood, they d i d  not demonst rate the 
greatest weight l o s s . For example s ampl e  TD- 1 ,  which did not 
cont ain observable organi c  materi a l ,  lost more weight ( 6 . 4 % )  than 
did some s amples conta ining vi s ible organic matter ( CH- 1 ,  CH- 2 , 
and TD- 2 ) . Samp l e  TD-1 a l s o  exhibi t s  more swe l l ing upon mixing 
with water than any other adobe examined . Thi s  may be attr ibuted 
to the pre sence of amorphous or c o l l o idal material whi ch abs o rbs 
and releases large amount s of water during hydrat i on and 
dehydrat ion . At the other end of the spect rum two o f  the adobes 
( F S - 1  and F S- 2 )  cont ain minimal amounts of combustible material 
( 1 . 5% and 1 . 3 % ,  re spect ive l y ) . Thi s indicates that the amount o f  

we i ght l o s s  by combust ion i s  controlled more by the presence o f  
inorgan i c ,  hydrophi l i c  component s ,  such a s  absorpt ive clays or 
c o l l o i ds , than by vi sible organi c  matter . 

The var i abi l ity in the rate of d i s aggregat ion in wat er may be 
due to several reasons . Adobe samples E S - 1  and E S - 2  were buried 
in 6 2 5  A . D .  by a volcanic erupt i on [ 7 ] . It i s  very p o s s ible these 
adobes were hardened by baking s ince the temperature of the ash 
fall which buried them has been est imated to have reached 1 0 0 0 0  F 
( - 5 4 0 0  C )  [ 7 ] . Thi s baking i s  a l s o  demonstrated by the presence o f  

carbon i zed organi c  material which i s  very apparent in the s ampl e s . 
The heat would render the adobe much more resi st ant to 
d i saggregat ion than unbaked adobe . Adobe samp l e  CA- 2 , whi ch was 
a l s o  very resi st ant to disaggregat i o n ,  had a water- repe l l ing 
addit ive mixed in when the adobe was manufactured .  Thi s  was 
con f i rmed during attempts to dis aggregate and ana l y z e  the s amp l e . 
Thi s i s  not surpri s ing s ince addit i ve s  have been used in the 
manufacturing of adobe s ince the 1 9 3 0 ' s [ 8 ] . Samp l e s  EG- 1 ,  CH- 1 
and CH-2 , whi l e  l e s s  re s i stant than the above adobe s ,  survived 
not i ceably l onger than the New Mex i co and I s rael adobe s .  Thi s  may 
be a result of the presence o f  organi c  material which acted as a 
b inde r ,  coupled with nonabsorbent c l ays and/ or calcite . 

The d i f ference in performance o f  the chemical con s o l i dant s on 
reconst ituted and original pieces of adobe appears t o  be a 
funct ion o f  the phy s i cal condit i on o f  the s amp l e s . Re const ituted 
adobe is very compact with the sand, s i l t ,  and c l ay part i cl e s  in 
c l o s e  contact . Howeve r ,  the s amp l e ,  as c o l l ected, is o ften l e s s  
compact , w i t h  more pore space separating the grains . When 
chemi cal con s o l i dant s are applied to recon st ituted adobe the 
const ituent part i c l e s  are very closely packed and the chemi cal i s  
able t o  chemically con s o l i date the adobe b y  reinforcing the 
exi sting cl ay- s i lt - s and bonds . When weathered adobe i s  t reated 
the part i cl e s  are not as close togethe r ,  the refore the con s o l idant 
does not perform as e f fe ct ively as on reconst ituted mate r i a l . The 
re act i on of s amp le TD- 1  is pu z z l ing and at this t ime we can only 
specul ate on the cause . It i s  p o s s ible that TD- 1  cont ains 
amorphous or c o l l o idal material which rapidly absorbs the polar 
s o lvent s used with the s i l ane and i s ocyanate and causes expan s i on . 

Summary 

The composit ion o f  most historic adobes i s ,  as expe cted, compri sed 
mai n l y  of quart z ,  fe ldspars and c l ays , and somet ime s calcit e . The 
most not i ceable di f ferences between the various adobes are the 
type and amount o f  cl ays present , the g�ai n - s i z e  distribut i on and 
mineralogical proport ions . The presence or lack o f  organic 
material i s  dependent upon the local adobe bui lding customs . The 
durab i l ity of the adobe i s  a funct i on of the c l ay type , grain - s i z e  
dist ribut i on ,  and presence o f  addit i onal binding mate r i a l . Thos e  
adobes whi ch proved to b e  most resi st ant to d i s aggregat i on had 
been heat- or chemi cal l y-treated . The weakly resi stant adobes 
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contained e i ther c l ays whi ch are not e speci a l l y  absorbent ( e . g .  
kaol inite or i l l i te ) , calcite which act s a s  a cement ing agent , or 
suffic ient organ ic matter to inhibit rapid breakdown upon exposure 
t o  water . Thos e  adobes whi ch d i s aggregated quickly in water 
cont ained more c l ay than the resi st ant adobe s ,  or the s ame amount 
of c l ay and a higher s and content , and/or l e s s  organ i c  mate r i a l . 
Thus , as i s  we l l  known , e ither too much c l ay or too much s and w i l l  
result in an adobe which w i l l  not b e  res i st ant to rapid 
deteri orat ion by water . 

The abi l ity or inab i l ity o f  adobes to be chemical ly 
con s o l idated appears t o  be cont r o l l ed by the c l ay mineralogy,  
and/ or the phys ical state of the adobe . Adobe cont aining a c l ay 
component which i s  incompat ible with the s o l vent-consolidant 
so lut ion be ing used w i l l  prove difficult to t reat . Likewise very 
dry , friab l e ,  and weathered adobe is more d i f f i cult to con s o l i date 
than fresh, compact adobe . Thi s l atter problem may be count ered 
by pre-treating the adobe with an acetone-water s ol ut i on to re
hydrate the c l ay s ,  as shown by prel iminary t e st s . Thi s  may a l s o  
re -compact the adobe sufficient ly to permit consol i dat i on . The 
former problem is s t i l l  unsol ved, and pre sent work i s  att empt ing 
to f ind a technique to overcome the s o l vent incompat ibi l i t y . 
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ABSTRACT 

Prel i m i nary mate r i a l s  analy
s i s  of the wal l mat r i c e s  of 
the two dozen extant earthen 
bu i l d i ngs constructed in New 
York S tate during the n i ne
teenth century expose 
several i nt r i g u i ng facto r s  
regarding o r i g inal de s i gn ,  
ove r a l l  durab i l i t y , and 
h i sto r i c  int e rpretat ion o f  
these uncommon s t ructure s .  
Samp l e s  taken f rom the 
h i s t o r i c  earthen wal l s  o f  
the puddl ed - c l ay and c l ay
lump homes were analyzed to 
dete rmine t he i r  bas i c  
behav io ral propert i e s . 
Standard g ranulome t r i c  
anal ys i s , s a l t  t e s t s , t e s t s  
determin ing l i qu id and 
plast i c  l i m i t s , p l as t i c i ty 
ind i ce s , x- ray d i f frac t ion 
ana l y s e s  of c l ay and s i l t  
component s were conduc'ted , 
as we l l  as earthen mortar 
and stucco anal ys i s .  

KEYWORDS 

New York State , n i neteenth 
century , c l ay- lump , 
puddled-clay , x- ray 
d i f f rac t ion . 

Adobe 90 

N INETEENTH CENTURY NEW YORK STATE EARTHEN HOME S : 
AN I NVEST I GATION OF THE I R  MATERIAL COMPOS I T I ON 

Lee Das s l e r  
2 3 8  W e s t  1 0 6 t h  St . ,  apt . 4 D  
N e w  York , N . Y . , 1 0 0 2 5  
U . S . A .  

Introduc t ion 

I w i l l  arise and go now , and go to I nn i s free , 
And a sma l l  cabin bu i ld there , o f  c l ay and watt l e s  made : 
N i ne bean - rows w i l l  I have there , a hive for the honey- bee , 
And l ive al one in the bee - l oud g l ade . 

W i l l i am But l e r  Yeat s 

At l east s i nce t he Roman Emp i re , earthen bu i ld i ng mater i a l s  have 
been empl oyed by masons in Europe and on the Br i t i sh I s l e s  
in attempt s to c reate heal thy , e f f i c i ent , and i nexpensive l iv ing 
env i ronment s .  From t he cente r o f  Lyon to the " be e - l oud g l ade s "  o f  
Yeat s ' I nn i s free , theor i e s , rec ipe s , and techno l o g i e s  were 
trans ferred f rom mason to mason unt i l  the l ate 1 8 th century when 
a rc h i te c t s  and o t he r  prog r e s s ive th inke rs began publ i sh i ng the i r  
the o r i e s  and bu i ld i ng des igns re l at ing to earthen construc t i o n . 
1 9 th century earthen homes in t he eastern United States mani fest 
the t ranspo rt o f  the se techno l o g i e s  across the Atlant i c : new 
world t rans l a t i ons of an old wo rld l e x i con . In New York State , at 
least forty earthen bu i l d ings were constructed in the 1 9 th 
century as evidence o f  some f o rm o f  t rans - At l ant i c  commun i c at i o n .  

The purpo se o f  t h i s  proj e c t  w a s  threefo l d : to beg in an 
anal yt i cal survey of the construc t i o n  methods and mate r i a l s  o f  
t he extant New York State earthen home s , to document t h e  pre sent 
cond i t ion of the s t ructure s , and to out l ine preservat ion 
guide l ine s  f o r  future conse rvat ion e f fo r t s . I n  l i ght o f  the 
tho rough h i s t o r i c  i nve s t i gation of these bu i ld ings pre sented by 
P i epe r at t h i s  conference , h i s to r i c  documentat i on was cons idered 
secondary to mat e r i a l s  analys i s  in this s tudy . 

The p r i mary que s t ions addressed were : are any pat t e rns 
d i scernible regarding c l ay/aggregate / f i be r  proport i ons , b inders 
such as l ime o r  dung , o r  b r i c k  s i ze ; and does the ev idence 
conform to spec i f icat ions whi c h  appear in period publ i c at i ons 
regard ing earthen construc t i o n ?  Do construc t i o n  patte rns confo rm 
to geog raphic o r  g e o l o g i c  d i s t r ibution? Do t rends f a l l  into 
c h rono l o g ical o r  typo l o g i c al per i o d s ?  Can f i nd ings del i neate 
spec i f i c  masons ? I n  add i t ion , c an the mat e r i a l s  ana l ys i s  def ine 
the parameters o f  furthe r t e s t i ng prog rams needed to a i d  owners 
in the conservat ion of the i r  home s ?  

Test ing Program 

Wal l and exte r i o r  coating samp l e s  f rom the two dozen extant homes 
were taken during s i te v i s i t s  throughout 1 98 9 - 1 9 9 0 . Sampl e  
quan t i t y  and location varied considerably , depend ing upon 
bu i l d i ng de s i gn , cond i t i o n ,  and the owner ' s  ease of mind ; sample 
quant i t y  ranged f rom ful l brick to f i lm-can i s t e r  s i ze . As opt imum 
test r e su l t s  a r i s e  f rom numerous random sample s ,  an at tempt was 
made to spread out inqu i r i e s . In general , the earthen wal l s  were 
acce s s i b l e  at the gabl e- ends o f  at t i c s , behind bu i l t - in cabine t s , 
in basements between s i l l  and f l o o r  j o i s t s , and behind exte r i o r  
c l apboard . 

Once the sampl e s  were coded , photographed and l o gged 
r e l a t i ve to o r i g i n  ( s ee table I ) ,  i n i t i a l  c l a s s i f i c a t i ons were 
made acc o rd i ng to the Munsell S o i l  Chart and ASTM D 2 4 8 8 - 8 4 , 
" De s c r iption and I dent i f i c a t i on o f  S o i l s-Vi sual /Manual 
Procedure " .  Chemi cal spot t e s t s  were run det e rmining s a l t  
content , pH level s ,  and t h e  presence o f  urea . Combu s t ion t e s t s  
perfo rmed on par t i al samp l e s  determined r e l at ive quant i t i e s  o f  
o r g a n i c  component s .  Polari zed l i ght m i c roscopy was u s e d  to 
de termine spec i f i c  f i b e r  content o f  stuccoes and wal l  mat r i ce s , 
and c r o s s  sect i ons o f  al l samp l e s  were observed m i c ro scopical l y  
as we l l  as mac roscop i c al l y .  Qual i ta t i ve sed imentat ion anal y s i s  
( Ashur st ) and par t i a l  quant i tative g ranulome t r i c  t e s t s  
( Teuton i c o ) fo l l owed d e f i n i ng part i c l e - * i z e d i st r i but ion . Further 
quant i tat ive tests were run on a sub-g roup of ten s ampl e s , 
including a full granu lome t r i c  anal y s i s  and t he de r ivat ion o f  
plast i c i t y  ind i c e s  ( Teutonico ) .  In order to ascertain any 
po s s i b l e  l ink between s t ructural behav i o r  and c l ay type , x- ray 
d i f frac t i o n  ana l ys i s  of s i l t  and c l ay par t i c l e s  was performed on 
ten s amp l e s  selected for the i r  geograph i c  d i s t r i but ion . 
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Where po s s i b l e , s amples of bearing wall mortars were 
anal yzed , as well as ext e r i o r  stuccoes . Wh i l e  it is known f rom 
the l i te rature and from mater ial e v i dence that l ime /hair/ sand 
stuccos were the s tandard ext e r i o r  f in i sh o r i g i nal l y , 7 5 %  of the 
home s have had the i r  sur face treatment rede f i ned by e ither 
" Sacre te " ,  wood c l apboard , b r i c k  vene e r , pres sed s h i ng l e , o r  some 
type o f  ext e r i o r  s id i ng . What t r i gg ered the s h i f t  f rom s tucco t o  
t he other s i d i ng opt ions? Were there problems w i t h  i ncompat ible 
mat er i al s ,  arc h itec tural de s i gn f l aws , o r  were maintenance 
rou t i ne s  and s k i l l s  t he cul p r i t ?  

Coupled w i t h  h i s t o r i c  and patho log ical evidence , i t  was 
hoped t hat the se t e s t s  would provide some answe r s , o r  at least 
momentum to otherw i s e  stubborn que s t i on s  re gard i ng bu i ld i ng 
technology and chronol ogy , as yet unanswe red . Cons i de r i ng the 
pub l i cations ava i l ab l e  at the t ime i n  t he Northeast regarding 
de s i g n ,  manu facture , and assemb l y  o f  unburnt brick and earthen 
bu i ld i ng s , how does the phy s i c al evidence o f  t he mason ' s  labor 
compare ? 

x 

+ 

F i gure 1 :  Locat ion o f  Earthen Home s in New York State 

Summary of Test Re sul ts 

Cont rary to spec i f i c  procedures detailed i n  period publ ications 
known to be respon s i bl e  for t he f i fty-year bu i l d i ng movement , New 
York S t ate earthen home bu i l ders added inorganic b i nders to t he i r  
unburnt b r i c k  mat r i x , and seemingly varied the d imens i ons o f  
b r i c k  mo lds from s i te t o  s i te . W h i l e  knowledge o f  local c l ay type 
or behav i o r was not deemed important to earthen home bu i lders i n  
the n i neteenth c entury , x - ray d i f f rac t i o n  resul t s  o f  c l ay 
component s o f  the extant earthen homes ver i f i e s  that the c l ays 
employed were relat ive l y  i nac t ive , and common to a l l  the home s 
despite the i r  d i spersed geographi c  locat ions . 

7 5% o f  the New York S tate earthen home s have had t he i r  
o r i g i nal ext e r i o r  l ime stuccoes rede f i ned b y  cement i c ious 
stuccoe s ,  c l apboard , o r  s i d i ng , i n  e i the r t he n i neteenth or 
twent ieth century . To date i t  has been t hought that these 
alterat i ons were re spond ing to material failure s . Re sul t s  from 
t h i s  test ing prog ram o f fers evidence to the contrary : c l ays i n  

. the wal l mat r i c e s  are i nherent l y  inact ive , and o r i g i nal l i me 
stuccoes s t i l l  adhere to the earthen wal l s , even to tho se wal l s  
wh ich have been camou f l aged . Poo r  i n i t i al de s i gn or construc t i on 
which may have t r i g g e red stucco f a i lure was ruled out as wel l .  
The refore , conc l u s ions d rawn from t h i s  study p o i nt towards l ax 
ma i nt enance rou t i ne s  as the cau s e  o f  repl acement s i d i ng s . 
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date 
1 8 3 3  
1 8 3 5  
1 8 3 6  
1 8 4 4 *  
1 8 4 4  
1 8 4 5  
1 8 4 5 + +  
1 8 4 5 + +  
1 8 4 6  
1 8 4 7  
1 8 4 7 * 
1 8 4 8  
1 84 9 + +  
1 8 4 9  
1 8 5 0* 
1 8 5 0 + +  
1 8 5 1  
1 8 5 3  
1 8 5 5 *  
1 8 5 5 *  
1 8 5 5 *  
1 8 5 5 *  
1 8 55* 

Location 
Pen f i e l d  

Pen f i e l d  
S . Dansv i l l e  

Geneva 
Bath 
Bath 

Geneva 
Geneva 
Geneva 
Geneva 
Interlaken 
Trumansburg 
Geneva 
Phe l ps 
Geneva 
Geneva 
Oswego 

Code Clay Lump Size Orig./Current Siding 
PN2 monol i t h i c -puddled Li�e wash/mud - l ime s l u rry 

PNI mono l i t h i c-puddled L i me stucco/clapboard 
SDI 6 " 1  x 1 1 " w  x 6 " h L i me stucco / ' sacrete ' 
Gl 1 1 " 1 ( ? )  x 5t"w x 5"h Lim� stucco/press shingle 
B2 I l t " l  x 5 t " w  x S t " h  Lime stucco/ l i me stucco 
Bl unknown Li.e stucco/cement . stucco 
G9 1 5 " 1  x 6"w x S I " h  Lime stucco/ ' secrete ' 
G I l  I l t " l  x 1 0 t w  x S t " h  Lime stucco/ l ime stucco 
G t O  1 5 " 1 x 1 2 " w x 5 " h  Lime stucco/l ime-concrete 

G2 1 4 " 1  x 1 0 " w  x 6"h L i me stucco/c lapboard / s i d i n g  
1 1  1 4 " 1  x ( 6 1 1 1 4  l "w x 5 " h  L i me stucco/ c l apboard 
Tl unknown L i me stucco / l i me stucco 
G3 unknown L ime stucco/ c l apboard 
PH I 1 0 " 1  x 1 0 "w x 5 " h  Cl apboard ( ? l /cl apboard 

G7 1 0 " 1  x 1 0 "w x 5 " h  L i me /stucco/cl apboard / s i d ing 
G4 1 6 " 1  x 1 0 "w x 6"h Lime stucco/l ime stucco 
01 1 0 " 1  x 5 "w x 6 " h  Lime stucco/ b r i c k  veneer 

Spr i n g f i e l d  
Geneva 
Geneva 

Ctr . SC l  1 2 " 1  x 1 2 "w x S " h  L i . e  stucco/clapboard 

Geneva 
W. Bloomf i e l d  
W .  Bloom f i e l d  

G6 1 0 " 1  x 1 0 " w x 5"h L i me wash o r  stucco/clapboard 
G8 1 S " 1  x 1 2 "w x S"h L i me stucco/clapboard / s i d i n g  
G 1 2  1 4 " 1  x ( ? " ) w x S " h  Liae Stucco/cl apboard / s i d i ng 
WBI unknown Lime stucco/ c l apboard/s iding 
WB2 unknown L i me stucco/ c l apboard / s i d ing 

* Denotes that the house was bu i l t  by or before t h i s  yea r .  
+ +  I t  i s  thou�ht that t h e s e  homes were all bu i l t  b y  t h e  same contrac tor . 

Table I :  Chrono l o g i cal L i s t i ng o f  New York S tate Earthen Home s 

Carbonate and Salt Tests 

Al though t reading by oxen o r  catt l e  was the suggested mode o f  
wal l  mat e r ial preparat ion , none o f  the period treat i se s  pub l i shed 
i n  the Un i ted States c oncerning e arthen construct i o n  adv i sed the 
add i t i o n  of animal dung b i nders ; nor were carbonate b i nders 
ment i o ned . Howeve r ,  a l l  twenty- four earthen samples included 
chemical as we l l  as mechan i c al b i nders . 

A l l  sampl e s  t e sted negative for chlor i d�s and sul fates and 
po s i t ive for phosphate s  and n i trate s . Those samples whi c h  t e sted 
negat ive for carbonate b i nders were also tho se whi c h  te sted 
strongest for phosphates and n i trate s , indicat i ng the u s e  o f  
an imal dung a s  b inde r . L i me add i t ives were e i the r v i s i b l e  w i t h  
t h e  naked e y e  i n  smal l lumps , o r  microscopically apparent a s  t h i n  
washes i n  those s amp � e s  wh i c h  t e s t e d  po s i t ive for carbonate s . l 

Whi l e  the add i t i o n  o f  l ime mo s t  l i ke l y  reflects an adaptat ion o f  
standard masonry pract i c e s , the presence o f  organic b i nders 
( g iven t he lack of pub l i shed informat i o n  on the subj e c t ) sugg e s t s  
a ve rnacular common sense approach towards e arthen mat e r i a l s .  
( Se e  table I I ) .  

New York S tate Earthen Bui lding s :  

Combu s t i on Test Re s u l t s /  Fibers pre sent/ N i t rates-Phosphat e s  

Combus t i on Non- d i g e s ted Digested N i t rates /  
Sample " We i ght Los s  F i bers F i bers Phosphat e s  

B l A l  5 . 1  who l e  s t raw + ++ 
B2Al 5 . 7  s traw/ wood + ++ 
G l A l  7 . 1 4 whol e  s t raw + ++ 
G2Al 3 . 2 5 whol e  s t raw - -+ 
G3Al 4 . 7  confe r .  wood - + 
G4Al 5 . 1 4 whol e  s traw + ++ 
G5Al 4 . S  st raw + ++ 
G6Al 4 . S  who le s traw - ++ 
G7A l  3 who l e  s t raw + ++ 
GSAI 5 . 3  whol e  s t raw + -+ 
G9Al 5 . 4  straw/wood - -+ 
G9A2 2 . 4 st raw + ++ 
G9A3 2 . 4  s t raw/wood - ++ 
G l OA2 4 . 6  s t raw/wood - + 
G l l A4 5 . 3  st raw/wood + + 
G 1 2Al 5 . S  wheat s t raw + + 
I lA l  4 . 3  wheat straw + ++ 
O l A l  4 . 1  wheat s t raw + + 
PH I A l  5 . 0  wood /gras ses + + 
PNl A l  3 1 . 0  who l e  straw + +++ 
PN2Al 3 3 . 5  whol e  s traw + +++ 
SC l A l  whol e  s traw + ++ 
SDlAl 4 . 9  s t raw/wood + ++ 
T lA l  5 . 9  grasse s /wood + ++ 
WB l A l  5 . 3  who l e  s t raw + +++ 
WB2Al 5 . 6  whol e  straw + +++ 

Table I I : Organi c ,  Carbonate and Phys i c al B i nders i n  Earth Wal l s  
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Combu s t i o n  Tests 

5 g  ( untreated and g round w i t h  mortar and pe s t l e )  o f  each sample 
were placed in a c ruc i b l e  and heated for 1 5  minutes over a hot 
f l ame : the resultant w e i ght l o s s e s , i nd i c at i ve of the p re sence o f  
organic mat ter such as dung , were then compared . A l l  s amp l e s  l o s t  
approx i mate l y  5% o f  the i r  o r i g i nal we i ght v i a  combu s t i o n  
( repre sent ing a var i e t y  of organ i c  component s :  straw , hai r ,  wood 
bi t s ,  and minor amount s of dung ) ,  except for the two mono l i th i c 
wal led homes i n  Penf i e l d  ( PN 1  and PN 2 ) wh i c h  l o s t  3 1 %  and 3 3 . 5% 
relat i ve l y , i nd i c at ive o f  a far greater inclus ion o f  o rganic 
component s in the i r  earthen wal l s . 

Fiber Examinat ion 

Sma l l  grasse s , wheat s t raw , mechan i c a l l y  chopped s o f t  and hard 
woods , human and animal ha i r  were the f i bers found v i a  unai ded 
and m i c ro scopic v i sual technique s . L o g i c al l y ,  the s ame samp l e s  
w h i c h  t e s t e d  negat ive for carbonate bi nde r s  were a l s o  t h o s e  whi ch 
included d i g e s ted st raw and grass f i bers along w i t h  who l e  stalks , 
whe reas d i g e s ted f i bers we re not apparent i n  the b r i c k s  which 
contained l i me . 

The four who l e  and hal f  b r i c k  s amp l e s  donated to the s tudy 
il l u s t rate the mason ' s  unders tand ing of the import ance o f  f i bers 
in reduc ing unwanted shr inkage : in the larger s amp l e s  who le 
p i ec e s  of s t raw intertwine to form a compl ete o rgan i c  armature 
for the c l ay/ s i l t /s and body to rest upon ( s ee f i g .  2 ) .  The two 
c l ay daubin homes l o c ated in Penf i e l d  include l aye rs of who l e  
st raw i n  ne arly equal vo lume t r i c  propo rt ions to t h e  layers o f  
so i l . 

F i gure 2 :  S C 1 A 1  Par t i a l  B r i c k  Expo s i ng Straw B inder 

Granu l ome t r i c  Compo s i t i o n  of New Yo rk State Earthen Mat r i c e s  

S ampl e %Gravel "Coarse Sand "F i ne Sand "S i l t /C l ay 
B 1 A 1  0 1 . 1  3 . 2  9 5 . 7  
B 2 A 1  0 . 3 5 2 . 1 1 9 7 . 5 4 
G 1 A 1  0 4 . 0 2  1 9 . 3 2 7 6 . 6 6 
G2A2 0 1 . 1 2 1 5 . 6 3 84 . 2 ' 
G3Al 0 2 4 . 9 3 4 7 . 94 9 . 6 7 
G4A 1  0 1 9 . 9  5 9 . 4 0 1 8 . 2  
G5A1 0 . 7 5 3 1 . 2 3  6 8 . 3  
G6A1 0 1 3 . 7  6 7 . 4  2 4 . 3  
G 7A1 0 . 3 4 3 . 8  9 3 . 2 4 
G8A1 2 3 7 . 2 6 5 1 . 4  1 7 . 9  
G9A1 3 3 . 4  4 2 . 6  4 8 . 9  
G 1 0A 1  0 7 . 7 3 6 7 . 2 0 2 4 . 1  
G 1 1 A 1  0 1 1 . 8  7 3 . 3  1 3 . 6  
G 1 2A 1  0 6 . 9  7 5 . 6  2 . 1  
PH I A l  3 1 2 . 5  3 9 . 1  4 6 . 3  
PN1A1 0 1 2 . 2 1 1 6 . 7  7 9 . 0  
PN2A1 0 6 . 0  2 4 . 8  6 5 . 3  
S C 1 A 1  0 2 5 . 5 . 0  7 0 . 0  
S D 1 A 1  4 1 2 . 5  2 0 . 9  5 7 . 5  
T 1A 1  0 7 . 3  3 8 . 4  5 3 . 0 6 
WB1A1 0 2 . 3  3 1 . 4  6 1 . 5  
WB2A1 0 . 3 4 1 3 . 0  8 3 . 1  

Table I I I : Granul ome t r i c  Compo s i t i on o f  Earthen Wal l s  
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Granu l ome try 

A sch i sm i s  apparent between the g ranul ome t r i c  mix o f  the earthen 
mat r i c e s  o f  homes b u i l t  in Geneva dur i ng the mud wal l  bu i l d i ng 
movement phase , and the o ther earthen homes i n  the study . Except 
for G5 ( 1 8 8 1 ) and G 1 2 ,  ( bu i l t  before 1 8 5 5  as a s impl e  cottage ) 
which exh i b i t  s l ightly coarser mixe s ,  the Geneva home s are 
compo sed primar i l y  of l ean c l ays : 8 0 +% pas s i ng the #200 s i eve 
( 7 5 � ) . The home s out s i de of Geneva , both c l ay lump and daub i n , 
cont a i ned a more d iverse g ranulome t r i c  mat r i x . ( Se e  table I I I . )  

L iqu i d  L i m i t .  P l a s t i c  L i m i t .  and Plast i c i ty I nd i c e s  

Plast i c i ty i nd i c e s  o f" t h e  ten samp l e s  te sted ranged between 1 1 . 9  
and 2 . 6 ,  c l a s s i fying mo s t  o f  the f i nes a s  e i the r  l ean c l ays or 
s i l t s  ( ASTM D 2 4 8 7 ) .  Interlaken and Oswego ( the d i s t inctly grey 
s o i l s  i n  a c o l l e c t i o n  of otherw i s e  brown s o i l s ) we re the only 
s i l t y  s o i l  c l as s i f icat i ons der ived . By plot t i ng l i qu i d  l im i t  vs . 
plas t i c i ty indice s , i t  was found that only one of the homes 
te sted , G4 , had what could be cons i de red a cohe s ive mat r i x , the 
othe r s  fall into the m i l d  to s l ightly cohe s i ve range ( Gu i l l ard 
and Houben ) . ( See f i g . 3 . ) 

The ac t iv i t y  coe f f i c i ent o f  the c l ays was e s t imated 
g raphically as we l l , the ac t i v i t y  coe f f i c i ent be ing equal to the 
rat io of the plast i c i t y  index and the percentage of part i c l e s  
l e s s  than 2� contained in t h e  sampl e s . A l l  samp l e s  te sted f e l l  
i n t o  t h e  non- expans ive , inact ive range : act i v i t y  c o e f f i c i ent � 
0 . 7 5 ( see f i g s . 4 � 5 ) .  T h i s  alone helps to explain why the 1 5 0 
year o l d  mud wal l s  have held w i thout cons iderable deformat ion 
despite waning maintenance rout in�s and fai led protect ive 
surf 
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Given Geo l ogical I nformat ion and XRD Resul t s  

I n  general , t h e  topo l ogy and surface g e o l o g y  o f  t h e  a r e a  o f  New 
York State under concern re f l ec t s  the presence and rece s s i o n  o f  
the P l e i s tocene A g e  W i sc o n s i n  Glac ier which depo s i ted large 
mas s e s  of c l ayey beds in its wake . The se P l e i stocene c l ays are 
e i ther l ac u s t r i ne ( depo s i ted beneath post - g l a c i a l  l ake s E r i e  and 
Ontar i o ) o r  fo rmat ions o f  more recent local l ake depo s i t s .  The 
c l ays are all s l ightly cal c areous ( Ri e s l . 

X- ray d i f f rac t i on anal y s i s  o f  c l ay- s i zed part i c l e s  was 
per fo rmed by R i chard Ap r i l  at Col g ate Unive r s i ty on ten samp l e s  
c u l l e d  from t h e  ent i re g roup repre sent i ng earthen bu i ld ings i n  
Bath , Geneva , I nterl aken , Oswego , Pen f i e l d , South Dansv i l l e , 
Trumans burg , and We s t  Bloomf i e l d . The s amp l e s  were g round , ac id 
d i g e sted , s i eved and cent r i fuged ; the retained c l ay part i c l e s  
( d i ameter � 2 � )  were te sted d r y  and saturated ( wi th ethylene 
g lycol ) .  Despite the d i spersed geograph i c  locat ions of the 
earthen home s , s i l t  components were cons i stently quartz and 
feldspars wh i l e  the c l ay components were predominan t l y  c h l o r i t e s  
and i l l i t e s  ( see t a b l e  I V , V ) .  

S ample � 7 5p/ Air Dry 

B2AI m i c a /  quart z / fe l d spar 
G2AI quart z / fe l d spar 
G6AI quart z / fe ld spar 
G l lA I  quart z / fe l d spar 
I lA I  quart z / fel dspar 
PN I A I  quart z / feldspar 
S D I A I  quart z / fel dspar 
T I A I  quart z / fe l d spar 
WBIAI quart z / feldspar 

Table I V :  Summary o f  XRD Re sul t s : the S i l t  Components 

S ample 

B2AI 

G2AI 

G6AI 

G l l A I  

I lA I  

O I A I  

PN I A I  

S D I A I  

T I A I  

� 2 �/Carb Rem/A i r  Dry 

chlori te/ i l l i  te 
very minor l /S 

c h l o r i te / i l l ite 
weathe red m i c a  
o r  m i x e d  l ayer l / S  

c h l o r i  te / i l l i  te 

c h l o r i te / i l l i t e  
weathered m i c a  
o r  m i x e d  l ayer l / S  

c h l o r i  t e / i l l i t e  
mixed layer l / S  

chlori te / i l l i  t e  
po s s i b l e  m i xed l / S  

chlorite / i l l i t e  
m i x e d  l ayer l / S  

c h l o r i te / i l l i t e  
m i x e d  l ayer l /S 

c h l o r i  t e / i l l ite 
m ixed l ay� r l /S 

� 2 /Carb Rem/Ethyl ene Glycol 

c h l o r i  t e / i l l i  te 

c h l o r i te / i l l ite 
t race expandable c l ay 

c h l o r i te / i l l i  te 
minor smec t i te /  mixed l /S 

c h l o r i  te/ i l l i  te 
t race expandable c l ay 

c h l o r i te / i l l i te 
t race smect i te 

c hl o r i te / i l l i t e  
t race smec t i te 

c h l o r i te / i l l i t e  
t race smec t i te 

c h l o r i te / i l l i te 

c h l o r i te / i l l  i te 

Table V :  Summary of XRD Resu l t s : the C l ay Components 

Earthen Mortar and Exte r i o r  Stucco Analys i s  

Earthen mortars empl oyed i n  the c l ay l ump wal l s  contained an 
average of 1 6% l ime ,  wh i le the b r i cks themselve s ' cont a i ned an 
ave rage of 2 . 3 % l i me . 

No pat tern ex i s t s  between the p l as t i c i ty i nd i c e s  o f  the 
earthen wal l s , the percentage of l i me i n  the exte r i o r  stuc c o s  or 
earthen mat r i c e s , and c i rcums tant i al ev idence of ext e r i o r  stucco 
fai lure ( i . e .  current surface treatment ) .  Therefore i t  is 
conc l uded that the i nhe rent o r  composed nature of the o r i g inal 
mate r i a l s  was not respon s i b l e  for stucco adhe s ion problems . ( See 
table VI . 1  
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Plast i c ity - Index and Surface Treatment , verses 
X B i nder in Orig inal Stucco and Earthen Wall 

Sample PI Surface Treataent X o r i B · stucco X earthen wall 

Bl - cem.ent stucco - 1 . 8  
B2 6 . 5  l ime stucco * 1 7  0 
Gl - s h i ngle 1 . 8  1 . 7  
G2 - s id i ng - 3 . 2  
G3 - clapboard - 1 . 5  
G4 1 1 . 9  l ime stucco * - 0 
G5 - cem.ent stucco - 3 . 0  
G6 8 . 8  s id i ng - 2 . 8  
G7 - s i d i ng - 3 . 0  
G8 9 . 4  sid ing - 0 . 6  
G9 5 . 1  cem.ent stucco 1 7  1 . 9  
G I 0  6 . 6  fi.e stucco * 30 0 . 4  
G I l  5 . 3  l iae stucco * 2 0  1 . 9  
G 1 2  - . s iding 1 7  2 . 3  
1 1  2 . 6  clapboard 2 2  3 . 0  
01 3 . 1  brick 2 4  2 . 2  
PHI - clapboard - 1 . 3  
PNI - mud plaster 22 2 . 5  
PN2 - clapboard - 9 . 3  
SCI clapboard - 3 . 7  
SOl - cement stucco 34 4 . 9  
T l  - l ime stucco * - 2 . 7  
WBI - B i d ing - 0 . 6  
WBI - s i d i ng - 0 . 6  

* o r i g inal surface t reatment 

Table VI : Current Surface T reatment v s . S o i l  Ac t i v i ty and B i nde r s  

F i gure 6 :  Luther S m i t h  Home , Spr i ng f ie l d  Center , ( 1 9 th Century ) 

F i gure 7 :  Luther Smith Home w i t h  Wood S i d i ng , ( Ap r i l  1 9 90 ) 
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Conc l u s ions 

The two dozen home s bu i l t  o f  earthen mate r i a l s  dur i ng New York 
State ' s  p e r i o d  o f  rap i d  expans ion represent a sma l l  but i mportant 
phase in the h i s tory o f  Ame r i can bu i l d ing techno l ogy . They 
man i fe s t  a democ rat i c  dedicat i on t owards affordab l e  and hea l t hy 
hous ing v i a  cheape r bu i l d ing mate r i al s .  The momentum o f  the i r  
c o n s t ru c t i o n  was halted b y  an o f f s e t  o f  i t s  own evolut i o n : the 
concrete i ndustry . As a r e s u l t  of the devel opment of the g rave l 
wal l , and eventual l y  o f  Port l and Cement , an ent i re fac e t  o f  
masonry was l a i d  as ide ; the knowl edge o f  trad i t i onal mason ' s  
mate r i al s ,  technique s , and rec ipes f o r  proper stuccos to mai n t a i n  
t h e  homes as t h e y  w e r e  o r i g i nal l y  de s i gned , w a s  l o s t . A n  overa l l  
ae sthet ic wh ich re l i ed upon t h e  mai ntenance of exte r i o r  f i n i she s 
bec ame confused and desperate as repa i rs demanded attent ion f rom 
t rade spersons who no l onger unde r s tood the proper use of s l aked 
l ime/ h a i r  and sand pl asters ; the resu l t s  speak for thems elves 
behind c amouflag ing l ayers of v i nyl and aluminum s i d ing . 

What i s  needed i s  a comp l e te study and documentat i o n  o f  the 
earthen home s i n  New York S t ate so that they c an receive a 
typo l o g ical h i s t o r i c  de s i gnat i o n  l e g i t i m i z i ng the i r  importance 
and encourag i ng proper care o f  the mud wal l s ; an i ndex and study 
of the other earthen home s i n  the Northeast and in Eastern Canada 
needs to be addre s sed as we l l .  Unl ike adobe homeowne r s  in the 
Ame r i can Southwe s t , owne rs of earthen home s in the Northeast have 
no one to turn to for adv i c e  when c o n s i de r ing repa i rs o r  
restoration pro j e c t s ;  I sugg e s t  that t he H i s t o r i c  Prese rvat i o n  
O f f i c e s  o f  eastern Canada and t h e  n o r t heastern U . S .  s t a t e s  
c o l l aborate on a maint enance manual f o r  earthen s t ructures i n  the 
non-ar i d  regions o f  No rth Ame r i c a  i n  order t o  educate homeowne r s  
and t rade spe rsons o f  appropriate anal yt ical and maintenance 
techn i ques . 
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ABSTRACT 

Two Spanish adobes from 
local ities of the Val lado l id 
area (Villavicencio and 
Porti l lo ) , in the region of 
castil la-Le6n , have been 
selected in order to study 
their composition and some 
physical characteristics . 
Special attention was paid 
to the porosity and the 
properties most directly 
related to the presence 
and movemerits of water 
through their interior . The 
open porosity and pore size 
distribution was measured by 
means of mercury injection 
porosimetry . Some hydric 
tests -water immersion , 
water vapour absorption 
( hygroscopicity ) ,  capil lary 
suction and water desorption 
( evaporation ) -have been 
carried out . The open 
porosity is higher in those 
adobes with a higher content 
in carbonatic components 
( Port i l l o ) .  In these 
materials , the pore-throat 
sizes are higher than in the 
adobes with a greater clay 
fraction ( Villavicencio ) . On 
the contrary , the hydric 
behaviour of both types of 
adobes is simi lar . 

KEYWORDS 

Adobe , composition , physical 
properties , porosity , spain . 
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CARACTERIZACION FISICA DE ADOBES DE CASTILLA-LEON ( ESPANA ) 

J .  Ordaz , F . J .  Alonso y R . M .  Esbert 
Departamento de Geologia .  Universidad de Oviedo 
cj Jesus Arias de Velasco , sjn 
3 3005  Oviedo ( Espana ) 

Introducci6n 

El barro crudo , sin cocer , ha venido empleandose en Espana desde 
la antiguedad en algunas construcciones populares , especialmente 
en la regi6n de Cast i l la-Le6n . Las apl icaciones han sido diversas 
( mortero de uni6n para mamposteria de piedra , como revoque 0 en
tramado en muros , etc • . .  ) ,  si bien el uso mas importante y exten
dido en la arquitectura tradicional de esta regi6n es como adobe 
en construcciones de diversos usos . El s istema de fabricaci6n con
tinua siendo artesanal y muy similar en las diferentes comarcas , 
aunque el tipo de tierra sea distinto ( 1 ) . 

El objetivo de este traba jo es caracterizar una serie de adobes , 
tanto desde el punto de vista composicional y textural ,  como de 
sus propiedades fisicas mas directamente l igadas a la porosidad 
y al comportamiento frente al agua . 

Materiales 

Se han seleccionado , para el presente estudio , cuatro adobes , 
correspondientes a dos tipos distintos . Dos de el los fueron mues
treados en una casa particular ( de unos cien anos de antigliedad ) ,  
en e l  termino de Vi l lavicencio de los Caballeros ( a  unos 70  Km al 
noroeste de la ciudad de Valladol id ) .  Los otros dos adobes fueron 
extraidos de edificaciones actuales de la l ocal idad de Port i l lo 
( a  unos 20 Km al sureste de Valladol i d ) . 

Su aspecto macrosc6pico difiere en ambos tipos . Los de Villavicen
cio son de color pardo-marronaceo , mientras que los de Portillo 
son de tonal idades blanco-grisaceas .  En los primeros , ademas , se 
distinguen fragmentos irregulares de ladr i l l o  y cal iza , de tamano 
arena y grava ( de hasta unos 2 cm ) .  Tambien se observan huecos 0 
coqueras de algunos mil imetros de diametro . Los adobes de Port i l l o  
son d e  aspecto parecido , con fragmentos liticos y d e  ladri llo , de 
similar tamano que los anteriores , y huecos de hasta 1 cm de dia
metro . 

La composici6n minera16gica media de los adobes estudiados , de 
acuerdo con los analisis de difracci6n de rayos X ,  se muestra en 
la Tabla I .  

Mineral 

Cuarzo 
Feldespato 
I l l ita 

Tabla I 
Composici6n minera16gica ( % )  

Vi llavicencio 

4 8  
10 
23 

Caol inita + Clorita 7 
Calcita 1 2  
Dolomita Indicios 

Porti l l o  

2 2  
2 8  

5 

2 5  
2 0  

Como puede observarse , l o s  adobes d e  Villavicencio son mucho mas 
ricos en componentes terrigenos que los de Porti llo , siendo el 
porcentaj e  de granos siliciclasticos del 58 % Y el de la fracci6n 
arc i l losa ( il l ita , clorita y caol inita ) del 30 % . El tamano de 
los granos apenas supera las 2 0 0  �m . El 12 % restante corresponde 
a los carbonatos ( calci�a ) . Figs . 1 y 2 . .  

Los adobes de Porti l l o  presentan menores contenidos en minerales 
terrigenos , destacando la elevada proporci6n de feldespato , y la 
pequefia fracci6n arc i l losa , constituida exclusivamente por i ll ita . 
El tamano de los granos es tambien mayoritariamente fino . Los mi
nerales carbonatados son cuantitativamente importantes ( 45 % ) , 
destacando la abundancia de dolomita . En algunas muestras se ha 
detectado yeso en porcentajes significativos ( hasta el 1 5  % ) . 
Figs . 3 y 4 .  

Caracteristicas fis icas 

Con el fin de caracteri zar fisicamente los adobes seleccionados se 
ha medido su porosidad abierta 0 efectiva , y se han real izado en
sayos hidricos , determinandose diversos parametros relativos al 
comportamiento del agua en dichos materiales . 



Fig . 1 . - Aspecto de la tex
tura del adobe de Vil lavi
cencio al microscopio de 
polari zaci6n ( N . C . ) .  Pueden 
observarse granos de cuarzo 
y la matriz arcil losa . 

Fig . 2 . - Detalle del adobe 
de Vil lavivencio al micros
copio electr6nico de barri
do . N6tese la morfologia de 
los granos y de los poros . 
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Porosidad : La porosidad abierta se ha medido mediante un porosi
metro de inyecci6n de mercurio , obteniendose la distribuci6n de 
tamafios ( accesos ) de los poros comprendidos entre 70 y 0 , 0 0 3 7  �m . 
La tecnica seguida fue la de doble inyecci6n , la cual permite 
obtener el porcenta je de porosidad atrapada ( 2 ,  3 ) . 

Dos e j emplos representativos de curvas de frecuencia de tamafios 
de poros se muestran en los figuras 5 y 6 .  Los porcenta jes medios 
de macropororos ( radio superior a 7 , 5  �m ) ,  de microporos ( radio 
inferior a 7 , 5  �m ) y de la porosidad atrapada pueden verse en la 
Tabla II . 

Muestra 

Vi llavic . 
Portillo 

Tabla II  
Porcenta jes de porosidad 

Por . abierta Por . atrap . Macropor . Micropor . 
r>7 . 5�m r<7 . 5�m 

3 4  
4 2  

1 2  
1 8  

5 
11  

29  
3 1  

E n  cuanto a los radios de acceso de poro , estos son menores e n  las 
muestras de Villavicencio , situandose su valor mas frecuente alre
dedor de 0 . 1  �m . Las muestras de Portillo , en cambio , presentan 
una bimodal idad mas acusada , correspondiendo la microporosidad 
( 11 % )  a tamafios de acceso de poro de 0 . 5  �m y la macroporosidad 
( 3 1 % )  a 30 �m . 

� 

JO 

,... 25 � 
I 
I 20 
i 1$ 
3 
I 10 
:> � � 

0 
0.003 0.032 

POROSIDAD (34 �) 

0.316 3.162 
Radio de occ..o de poro (pm) 

o Ie In�clOn 
o � In�clOn 

31 .62� 

Fig . 5 . - Curvas de frecuencia de la  porosidad en funci6n del 
tamafio de acceso a los poros en el adobe de Villavicencio . Se 
muestra la porosidad accesible al Hg ( 1� Inyecci6n ) , la poro
sidad libre ( 2� I nyecci6n ) y su complementaria ( porosidad 
atrapada ) . 
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Fig . 6 . - Curvas de frecuencia de la  porosidad en funci6n del 
tamafio de acceso a los poros en el adobe de Porti llo . 



Fig . 3 . - Aspecto de la tex
tura del adobe de Portillo 
al  microscopio de polari za
ci6n ( N . C . ) .  Se observan 
algunos granos de cuarzo y 
calcita , inmersos en una 
matriz mas carbonatada 
( micrita ) . 

Fig . 4 . - Detalle del adobe 
de Portillo al microscopio 
electr6nico de barrido . Se 
pueden observar los compo
nentes finos ( arcillas ) 
recubriendo los granos 
minerales . 
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Con objeto de conocer las propiedades hidricas y el comportamiento 
cinetico del agua en los adobes baj o  distintas condiciones , se han 
llevado a cabo cuatro tipos de ensayos : inmersi6n en agua , higros
copicidad , capilaridad y desorci6n . En todos ellos se han uti l i za
do probetas de forma cubica de aproximadamente 5x5x5 cm . Informa
ci6n complementaria sobre los procedimientos seguidos puede verse 
en ( 4 ) . 

Inmersi6n en aqua : Las probetas ,  colocadas en cubetas individua
les , se sumergieron en agua hasta alcanzar las 4/5 partes de su 
altura . La perdida de material fue inmediata y muy rapida en todas 
las muestras en los primeros minutos del ensayo . A partir de los 
10-15  minutos la perdida de material tiende a disminuir .  Las pri
me ras grietas importantes en la superficie aparecieron a los 20-25  
minutos . 

Los desmoronamientos comenzaron a partir de los 4 0  minutos , tanto 
en los adobes de Villavicencio como en los de Porti llo , aunque no 
en todas las probetas .  El colapso total tuvo lugar al cabo de una 
hora aproximadamente , si bien algunas probetas mantuvieron todavia 
una cierta coherencia interna , sin agrietamientos evidentes al 
cabo de varias horas . 

Higroscopicidad : Las probetas , previamente secas ( a  estufa , T :  
6 0 · C )  y pesadas , fueron colocadas en una camara a diferentes va
lores de humedad relativa : 65% , 75% Y 95%  ; y 2 0 · C  de temperatura . 
A intervalos de tiempo se pesaron las probetas , a fin de medir la 
cantidad de vapor de agua absorbida por las mismas en las condi
ciones ambientales f i j adas . 

Los resultados obtenidos para condiciones de equilibrio ,  expresa
dos en forma de porcentaj e  respecto al peso seco inicial de las 
probetas ,  se muestran en la Tabla I I I . 

Tabla III  
Porcentajes de contenido en agua : Higroscopia 

Muestras 

Vil lavic . 
Portillo 

H . r . : 65% 

0 . 95 
1 . 1 5 

H . r . : 75 %  

1 . 1 5 
1 .  4 0  

H . r .  : 95% 

1 . 85 
2 . 3 5 

Capilaridad : Las probetas fueron colocadas en una cubeta sobre una 
base de mas de 1 cm de papel de filtro , alcanzando el agua unos 3 
mm de altura en las probetas al comienzo del ensayo . Las condicio
nes ambientales fueron : 75% de h . r .  y 2 0 · C  de temperatura . La al
tura del agua alcanzada en las probetas fue midiendose a interva
los regulares de tiempo . Con dichos valores se obtuvieron las cur
vas de ascensi6n capi lar ( Fig . 7 ) , Y a partir de el Ias se determi
n6 el coeficiente de penetraci6n capi lar ( A ) , expresado en la 
f6rmula ( 5 ) : X=A �; donde X es la altura ( en metros ) alcanzada en 
el tiempo t ( minutos ) .  

Los resultados han dado unos valores medios del coefici�yte A �ara 
el adobe de Vi llavicencio de 2 . 7x103 m/min�, y de 2 . 8x10 m/min � 
para el de Portillo . Estos coeficientes pueden considerarse nor
males , para este tipo de materiales poros�s . 
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Fig . 7 . - Ascensi6n capi lar : Altura ascendida por el agua en 
funci6n del tiempo durante las primeras horas de ensayo . 
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Fig . 8 . - Curvas de evaporaci6n : Contenido en agua en funci6n 
del tiempo durante los primeros dias de secado . 
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Desorci6n de agua : Probetas humedas , que habian absorbido agua por 
succi6n capilar , fueron pesadas al inicio del ensayo , y dejadas 
secar en condiciones ambientales ( 70%  de h. r .  y 2 0 · C de tempera
tura ) .  Las probetas fueron pesadas a interval os regulares , obte
niendose el contenido en agua de las muestras en funci6n del tiem
po ( Fig . 8 ) . 

Puede observarse una perdida de peso lineal durante el primer dia . 
Los valores pr6ximos al equi librio no se alcanzan hasta pasados 
cuatro dias . 

Conclusiones 

De los datos obtenidos y observaciones reali zadas se deduce que , 
en general , las propiedades fisicas de los adobes estudiados , y 
especialmente las hidricas , estan relacionadas con la mineralogia 
y textura de los mismos . Asi , la porosidad efectiva es mayor en 
aquellos adobes ( Portillo ) que muestran un mayor contenido en car
bonatos . A su vez , en estos mismos materiales , el radio de acceso 
a los poros es mayor que en los adobes con mayor fracci6n arcil lo
sa ( Vil lavicenci o ) . 

El agua l iquida ( por inmersi6n ) afecta practicamente por igual a 
ambos tipos de adobes , ocasionando su colapso total en un termino 
de aproximadamente una hora . La absorci6n de vapor de agua es 
similar en ambos tipos de adobes , a pesar de mostrar diferentes 
grados de porosidad y de tamafios de acceso a los por�s . Esto po
dria explicarse teniendo en cuenta que" los adobes que presentan 
las mayores porosidades ( Porti l lo ) son , a su vez , los que exhiben 
mayores tamafios de poro . Estos parametros , al contrario que en 
otros tipos rocosos ( 6 ) , parecen influir muy poco en el proceso 
de absorci6n de agua por capi laridad , que tambien es simi lar en 
ambos tipos de adobe . 

Es sabido que el proceso de sec ado de los adobes humedos esta con
trolado por la difusi6n del agua a traves del material y la eva po
raci6n en superficie ( 7 ) . En las muestras estudiadas la tasa de 
perdida de agua durante la desorci6n se mantiene l ineal durante 
las primeras veinticuatro horas , no alcanzandose los valores pr6-
ximos al equilibrio hasta mas alIa de los cuatro dias de ensayo . 
El contenido en agua que resta en las muestras de adobe , es del 
mismo orden de magnitud que el obtenido por higroscopia . 
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ABSTRACT 

Dur i ng t he l abor atory and 
f i el d  i nves t i ga t i on i n  
1987-1988 the technology 
of ma k i ng adobe was repro, 
d uced. The r e c l  pe ot' t t.e c l  ay 

mor t ar· for r ef i l l i ng 
westages i n  wal l s  was 
wor ked out . The mai n 
component of t he mor tar 
was t he mont mor i l l oni t 
c l ay gai ned f r om t he 
Cahuachi bui l di ngs a r ea .  
Moreover the s uper f i c i al 
preconsol i da t i on tec hnol ogy 
of the wal l s  by t tle waLer 
disper s i on - Col a Si ntet i c a  
was worked out, a s  wel l  a s  
the s ur f ac e  hydrophobi ng 
met hod by t he water 
d i s per s i on I ml ar CPC 
1 1 75 T. Thus for t he 
s t r uc t ural consol i da t i on 
tec hnol ogy of t he adobe 
wal l s  contai ning the 

mont mor i l oni t c l ay is not 
yet wor k ed out . 
I nves t i gat i on i s  c ar r i ed 

·on. 

KEYWORDS 

Per u, Nazc a, Cahuac hi ,  
conservati on, adobe. 
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PROBLEMAS DE LA I NVES T I GAC ION Y CONSERVAC I ON DE LAS ESTRUCTURAS 
DEL CENTRO CEREMON I AL DE LA CULTURA PARACAS -NAZCA , PERU . 

S l awom i r  Sk i b i ffski 
N i cho l a s C opern i cu s  Un i vers i ty 
1 1  Gagar in S t re e t  
8 7 - 1 0 0  Toruff 
Po l and 

1 .  I nve s t i ga c i ones s obre l a  e l e c c i 6n de med i o s  
r e f o r z a m i ento pre l i mi nar de l a  s uperf i c i e  de muro s . 

1 . 1 .  E l  obj et i vo de l a  inve s t i ga c i 6n .  

para un 

El obj e t i vo cons i s t i 6  en e s pe c i f i c ar e l  med i o  para l a yrot e c c i 6n 
pre l i m inar de l a  superf i c i e  de paredes que s e  d e sprend{an y que a 
l a  v e z  f u e s e  a c c e s i b l e  en e l  mercado peruano . Una v e z  protegi da 
l a  pared se pueden l l evar a c abo otras t areas de su conserv a c i 6n . 

1 . 2 .  Mat er i a l e s . 

Se t omaron en cuenta l o s s i gu i entes med i o s  ( e s t o s  f ueron 
a c c e s i b l e � en e l  Peru ) : 
Co l a  S i nte t i ca he cho en Peru 
P r i ma l he cho en I t a l i a  
C o l l a Forte he cho en I ta l i a  
V i nav i l Rap i d  hecho e n  I t a l i a 
L a s  di spers i one s acuat i ca s  de e s t o s  med i o s  s i rv i eron para 
r e f o r z a r  l a  super f i c i e  de paredes de modo pre l im i nar . 

1 . 3 .  E l  m�todo de trabaj o .  

Las d i sper s i ones acuat i c as ( de l  2 5 � )  de l os po l fmeros menc i onados 
s e  pu s i e ron s obre l o s portaobj et o s . Despu�s de s e c a r s e , l a  m i tad 
de l portaobj e t o s  fue cubi erta con el  pape l negro y s e  Ie e xpu s o  
durante 1 4  d ra s  en e l  muro exper i ment a l  " i n s i t u "  ( Mont (cu l o  I ) .  
A l  terminar e l  e s t u d i o  s e  h i c i e ron l a s c ompara c i ones 
organo l �pt i c a s  de l grado de amar i l l eo de l a s part e s  expue s t a s  y 
cub i ertas de l portaobj e t o s  y l a  res i s tenc i a  de med i o s  a l  a gua . La 
re s i s t en c i a  al a gua fue de f i n i d a  por l o s c amb i o s  en 
recubr i m i entos despu�s de poner una got a  de a gua s obre e l l o s .  

1 . 4 . D i s c u s i 6n de r e s u l t a do s . 

Los med i o s  menc i onado s se pueden poner en hi l e ra t omando en 
cuenta s u  grado de amar i I l ea y res i s tenc i a  a l  agua e i n i c i ando 
con l o s  mas r e s i s t ent e s : 

C o l a  S i ntet i c a  > P r i ma l > Co l l a Forte > V i n av i l Rap i d  

Por e s o  para reforzar pre l i minari amente l o s  muro s s e  e s c o g i 6  l a  
emu l s i 6n acuat i c a d e  C o l a  S i nt et (c a . 

Hay que men c i onar aqu f que de l m i smo modo se determin6 e l  grado 
de amar i l l eo y la res i s t enc i a  al a gua de l preparado CPC 1 1 7 5 T ,  
que f u e  e s c o g i d o , para l a  h i drofobi z a c i 6n ,  c omo e l  mej or med i o .  
Las prueba s de iinpregnar adobes de modo e s t ru c tura 1 u t i  1 i z ando 
l o s d i s o l vent e s  de res inas t e rmop l a s t i c a s  y s i l i coorgan i c a s. no 
d i e ron re s u l tados e sperado s . 

2 .  E l  e s t u d i o  de l a  e l abora c i 6n de l a s argama s a s  para re l l enar 
l o s  d e c re c i m i entos de l a s paredes de adobe . 

2 . 1 .  E l  obj e t i vo y l a  e s fera de 1 a  inves t i ga c i on .  

L a  meta de l e s t u d i o  fue l a  d e  obtener l a s argam a � a s  para re l l enar 
l o s  de c r e c i m i entos y para l a  reconstru c c i 6n de l o s  muro s de l 
centro ceremon i a l . La argama s a  debe r i a  caracter i z a r s e  por e l  baj o 
c o s t o  de su prepara c i 6n y por l o s parame t r o s  f i s i co s  semejantes a 
l as argam a s a s  o r i g i na l e s  pero , a 1  m i s mo t i empo , menDs 
h i gr o s c 6p i c o s . Por e s t a s  razones s e  de c i d i 6  que l a s argama s a s  se 
preparar[an u t i l i z ando e l  l i mo de montmor i l l on i t a  de l o s 
yac i m i entos l o c a l i zados c e r c a  de l s i t i o  arque0 1 6g i co en C ahuachi . 
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2 . 2 . Met odo de l t rabaj o .  

2 . 2 . 1 .  M a t e r i a l e s : 

- l i mo de montmor i l l on i t a  ( s e t omaron l a s  mue s t r a s  d e l l i mo de l 
l u gar c e r cano a l a  Gran P i r Am i de en Cahuachi ) ,  
- arena para v i dr i o  de granu l ac i 6n de . 3  a . 1 5 mm . 
- a gua . 

2 . 2 . 2 .  La prepara c i 6n de l a s a rgama s a s . 

Se c o l o c 6  e l  l i mo de montmor i l l on i t a  en un r e c i p i ente y s e  
hume d e c i 6  r o c i �ndo l o  c o n  agua de modo que s u  e x c e s o  s e  i nf i l t raba 
r Ap i do . En c a s o  de apare c e r  got a s  de agu a  s obre l a  super f i c i e , ya 
no se roc laba mAs . De spue s de 2 4  horas de r o c i ar ,  l o s  peda z o s  de l 
l i mo se t r i turaron . Luego s e  dej 6 e l  a g l u t i nante l i mo s o  en un 
rec i p i en t e  por o t r a s  24 hora s . E s t e  pro c e d i m i ento se rep i t i 6  
d i a r i ament e . A l  p a s a r  una s emana a l  a g l u t i nante l i mo s o  s e  agreg6 
arena c u ar z o s a  de granu l a c i 6n . 3  . 1 5 mm en proporc i 6n de 2 
c ant idades para uQa de l a g l ut inante . La s e gunda parte de l 
a g l u t i nante s e  u s o  para preparar e l  argam a s a  c ompue s t a  de 3 
partes de arena y una de l l i mo . Luego se prepararon a rgama s a s  y 
co l o c aron en mo l de s . A l  c abo de una s emana , l a s f orma s s e  
de smo l daron y s e  m i d i eron l a s  prop i edades f i s i c a s  y a c u s t i c a s  
( veAnse Tab l a s  I y I I )  d e  l a s  argama s a s . 

2 . 2 . 3 . D i s cu s i 6n de r e s u l t ad o s . 

A l  c omparar l a s prop i e dade s de l a s argama s a s  preparadas en 
l aborat o r i o  podemo s ver una gran c onvergenc i a  con l a s prop i edades 
de argama s a s  ori gina l e s  ( c omp'ran s e  l a s  magn i tude s pre s en t adas en 
l a s t ab l a s  1 y 3 de S k i b i ft s k i  ( 1 9 9 0 )  para argama s a s  o r i gina l e s  y 
l a s t ab l a s I y I I  s obre argama s a s  preparadas en l aborator i o ) . 
Para re l l enar l o s d e c r e c i m i ent o s  en l a  pared durante l a  prueba de 
c o n s e rva c i 6n en C ahuachi s e  ut i l i z � la argama s a  de c o n t e n i d o  1 : 3 
c o n  una pequefta ad i c i 6n de c o a gu l an t e  que e s  l a  emu l s i 6 n  acuAt i c a  
d e  C o l a  S i ntet i c a .  L a  arena c u ar z o s a  c o n  gran c on t e n i d o  de 
minera l e s  o s c ur o s  de o r i gen l o c a l  s i rv i 6  de agregado . La s o l u c i 6n 
s a turada de l h i d r 6 x i d o  c A l c i c o fue u s ada para p l a s t i f i ca r  e l  l i mo 
de montmo r i l l on i t a  proven i e n t e  de l a  Gran P i rAmide ( s e c t o r  1 ) . La 
montmo r i  l l on i  t a  c A l c i c a  demu e s tra mayor re s i s t enc i a  de spue s de 
s e c a r s e . El obj e t i vo de ap l i c ar l a  argam a s a  fue : 

1 0  - l i m i t ac i 6n de l a  pene t r a c i 6n de l vapor de l agua y c o n  e s o  l a  
r e s t r i c c i 6n de l a  i nt e ra c c i 6n de l agua adentro de l muro a l  
re l l enar l o s decre c i mi ento s ,  de l am i na c i on e s  y f i sura s d e  l a  
superf i c i e . 

2 0  - r e f o r z a m i e n t o  de t rama de muro s . 

3 0  - e l abora c i 6n e s t e t i c a de l muro . 

3 .  E l  e s tud i o  de l a  re s i s t e n c i a  a l a  l u z  de l o s  med i o s  emp l e ad o s  
p a r a  l a  prot e c c i 6n pre l i m inar e h i dro f ob i z a c i 6n ( preparado por dr 
J .  C i abach ) . 

3 . 1 .  E l  obj et i vo de l e s t u d i o .  

S e  t r a t 6  de determinar l a  re s i s t enc i a  a l a  l u z  de l a  d i sper s i 6n 
acuAt i c a  de la C o l a  S i n t e t i c a  ( he cha en Peru ) , la que fue 
u t i l i z ada para la pro t e c c i 6n pre l i m i nar de l a s partes de muros 
d e s i n t e grado s , de la d i sper s i 6n a c uA t i c a  de l a  r e s ina a c r fl i c a  y 
de l po l i t e t ra f l uoret i l eno I m l ar C PC 1 1 7 5  T ( de Du Pont ) e s c o g i d o s  
p a r a  re a l i z a r  l a  h i d r o f ob i z a c i 6n .  

3 . 2 .  Me todo de l a  i nve s t i ga c i 6 n .  

3 . 2 . 1 . Prepar a c i 6n d e  l a s mue s t r a s  para e l  e s t u d i o .  

S e  prepararon l a s mue s tr a s  en f o rma de re cubr i mi en t o s  s obre 
la l Am i na de a l um i n i o  s e gun e l  me t odo d e s c r i t o  por J . 
C i abach . L a s  mue s t r a s  f u e ron expue s t a s  a l a s r ad i a c i on e s  d e  
manera c on t i nu a , a l  a i re a una t emperatura de 4 0 0  C Y a l a  
hume dad re l a t i va de 3 0% en l a  c Amara Feut ron 3 0 0 1 . L a  
i nt ens i dad de l a  rad i ac i 6 n  u l t r av i o l e t a  de o n d a  mayor de 3 9 0  
m ,  a l c a n z 6  4 . 5  x 1 0 - 3  de mmo l de l A c i d o  o x A l i c o  por c ad a  cm2 
por 1 hora . M A s  d e t a l l e s  s obre l a  i nve s t i ga c i 6n se 
encuen t r an en e l  t rabaj o de J .  C i abach . 
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3 . 2 . 2 . E s t ud i o  de l o s  camb i o s  de c o l or .  

Para i dent i f i c ar l o s c amb i o s  eventua l e s  de c o l or se c ompararon 
v i sua l mente l a s mue s tras e xpue s t a s  a l a s rad i a c i ones y l a s que no 
fueron expu e s t a s . 

3 . 2 . 3 . Estud i o s  de l decre c i m i ento de l a  mas a .  

E s t e  e s tud{o s e  h i z o  con l a  t� cni c a  grav im�t r i c a  emp l e ando una 
ba l an z a  ana l i t i c a ( ver Tab l a s I I I  y I V ) . 

3 . 2 . 4 .  E s t ud i o s  de l o s  c amb i o s  de l a  dur e z a  de supe r f i c i e . 

E s t o s  camb i o s  se regi s traron por med i o  de un d i spo s i t ivo con e l  
p�ndu l o  de Koen i g  d e  manera de s c r i  t a  por l a  PN-7 3 / C - 8 1 5 3 0  ( ver 
Tab l a  V )  

3 . 2 . 5 .  E s t ud i o s  d e  e l as t i c i dad . 

Se determ i n6 l a  e l a s t i c i dad de l o s recubr i m i ent os , obt enidos por 
med i o  de l a  f l ex i 6n s obre c i l indros de var i o s  d i Ametro s , t a l  c omo 
1 0 de s c r i be l a  PN-7 6 /C - 8 1 5 2 8 . 

3 . 3 .  Re s u l t ados de e s t ud i o s . 

3 . 3 . 1 .  Camb i o s  de c o l o r .  

Despu�s d e  1 0 4 d i a s d e  expo s i c i 6n a l a  radi a c i 6n ( d6 s i s  de 
radi a c i 6n H= I I . 2 5 mmo l / cm2 ) no se han observado camb i o s  de c o l or 
en l a s mue s t r a s  preparadas de l I m l ar C PC 1 1 7 5T . Por otro l ado , s e  
obse rv6 e l  amar i l l e o e n  l o s  recubr i m i entos de l preparado de l a  
C o l a  S i ntet i c a ,  10 que s e  per c i b i 6  despu�s d e  4 6  d i a s de 
rad i a c i 6n ( d6 s i s  de rad i a c i 6n H=4 . 9 7 mmo l / cm2 ) .  

3 . 3 . 2 .  Decre c i m i ento de ma s a .  

E l  decre c i m i ento d e  masa med i a  de l I m l ar C PC 1 1 7 5T , no sobrepas a  
e l  2 %  de l p e s o  y e s  i ndepend i ente de l t i empo ( d6 s i s )  d e  rad i a c i 6n 
( ver Tab l a  I I I ) . En camb i o , a l  tratar con C o l a  S i ntet i c a , e l  
de c r e c i m i ento de masa prome d i o  a l canz6 e l  1 6% ( d6 s i s  de 
rad i a c i 6n H= 1 1 . 2 5 mmo l /cm2 ) y fue d i r e c t ament e depend i ente de l a  
radi a c i 6n ( ve r  Tab l a  I V ) . 

3 . 3 . 3 .  Dure z a  de super f i c i e . 

La dureza de superf i c i e  de l I m l ar C PC 1 1 7 5 T  es muy pequeffa y no 
camb i 6  durante l a  radi a c i 6n ( e l  aument o de . 0 4 a l  . 0 6 durante l o s 
p r i meros 2 0  d i a s , a l  i n i c i a r  l a  rad i a c i 6n ,  se puede exp l i c ar por 
la evapor i z a c i 6n de l o s r e s t o s  de l a gua u otras substan c i a s  
vo l at i l e s )  . 

La dur e z a  de l a  C o l a  S i ntet i c a  aumenta e l  44% durante l a  
rad i a c i 6n y depende de s u  t i empo ( c onsu l t ar Tab l a  V ) . 

3 . 3 . 4 .  E l a s t i c i dad . 

E l  r e c ubr i m i ento de l I m l ar CPC 1 1 7 5 T  ant e s  y despu�s de l a  
rad i a c i on ( h a s t a  1 04 d i a s ) no camb i a  s u  e l a s t i c i dad . N o  s e  
r e s qu i ebra e n  e l  c i l indro de d i Ametro de 1 mm . En c amb i o  l a  C o l a  
S i nte t i c a  no s e  resqu i ebra e n  e l  c i l i ndro con u n  d i Ametro d e  1 mm 
ant e s  de expone r l a  a l a  rad i a c i 6 n  pero despu�s de e l l a  s e  
requ i ebra e n  un c i l i ndro c on un d i Ametro de 7 mm . 

3 . 4 .  D i s cu s i 6n de r e s u l tados . 

Ambas re s i nas demu e s tran tener una res i s t enc i a  a l a  l u z  
t ot a l mente d i s t i nt a .  La C o l a  S i nt€t i c a s e  amar i l l a ,  p i e rde su 
p e s o  a causa de la  vo l at i l i z a c i 6n de l suav i z ador 0 la  f o t6 l i s i s  
d e  po l (mero , s e  hace mAs dura y menos e l A s t i c a . I m l ar CPC 1 1 7 5 T  
conserva s u s  prop i e dade s in i c i a l e s  durante l a  expo s i c i 6n a l a s 
rad i ac i ones que provo c an l o s  c amb i o s  de l a s prop i e dade s  
e s e nc i a l e s  de muchas o t r a s  r e s i nas a r t i f i c i a l e s  cons i deradas 
comtnmente c omo res i s tentes al u l t rav i o l et a  ( p . e .  re s i nas 
a c r {l i ca s  cori Para l o i d  B-7 2 ) .  
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4 .  La prueba de l a  c o n s e r va c i 6n d e l  muro de adobe . 

Se ha e s c o g i d o  un f r a gmento de l a  pared a l o s p i e s  de l Mont (c u l o  
I ( ver Fot . 1 )  para l a  c o n s e r va c i 6n a prueba . S e  h i c i e ron l o s 
s i gu i en t e s  t r abaj o s : 
- s e  l i mp i 6  m e c an i c amente l a  supe r f i c i e  de l muro u s ando p i n c e l y 
a i re c ompr i m i do . 
- e s t a  s upe r f i c i e  se c o n s o l i d6 ut i l i z ando l a  emu l s i 6n acuAt i c a de 
C o l a  S i n t e t i c a  en la d i s o l u c i 6n 1 : 1 5 .  
- l a  e x f o l i a c i 6n de argama s a s ,Y e l  mortero s e  adh i r i eron con l a  
emu l s i 6n acuAt i c a d e  C o l a  S i nt e t i c a en l a  propor c i 6n de 1 : 3 .  

s e  re l l enaron l o s d e c re c i m i en t o s  de l muro c on l a  argam a s a  
preparada con montmor i l l on i t a  y arena de l o s  ya c i m i ent o s  d e  
Cahuachi en l a  propo rc i 6n de 1 : 3 .  

a l  s e c a r s e  e l  muro s e  p u s o  l a  d i s o l u c i 6n a c u A t i c a  de l a  
emu l s i 6n I m l ar CPC 1 1 7 5T a traves de l pu l s ador y parte de l muro 
fue cubi e r t a  1 vez y l a  otra 2 v e c e s  para obj e t i vo s  c i ent !f i c o s . 

Un mes despues de hacer obs erva c i on e s  " i n s i t u "  se puede c on s t at ar 
que e s t a s  partes de l muro que s e  hab !an pre s e rvado b i en 0 
ba s t ante b i en s e  c on s o l i daron muy b i en a c a u s a  de l o s t rabaj o s  
rea l i z ados , pres ervaron u n  e f e c t o  h i dr6 f obo de l muro ( ver F o t . 2 ) . 
S i n  embargo , l a  c orona de l muro l a  que f ue expu e s t a  en e l  p a s  ado 
a l a  a c c i 6 n  i nt e n s i va de l agua ( i nundac i o ne s )  no se habra 
c on s o l i dado en un grado s a t i s f a c t or i o .  En e s t e  c a s o  s e  deben 
c amb i ar l a s  capas c i rcumsuperf i c i a l e s en un mortero nuevo . No s e  
h i z o  h a s t a  ahora y a  que n o  s e  d i spon(a de l programa c o mp l et o  d e  
l a  reva l or i z a c i 6n d e  l a  e s t ru c t ura s obre e l  Mon t (cu l o  I e n  e s t e  
t i empo . 

5 .  Conc l u s i one s f i na l e s . 

Se rec onoc i e ron l a s  p o s i b i l i da d e s  de cons ervar l a  e s truc tura 
s i tuada en e l  s e c t or A de l c entro c e remon i a l  de Cahuachi med i an t e  
l o s e s t ud i o s  de c ampo y de l abor a t or i o  en l o s  afto s 1 9 8 7  y 1 9 8 8 . 
Se r e c onstruy6 l a  t e cno l o g fa de f abr i c ar e l  l ad r i  1 1 0 s e c ado a l  
s o l , s e  preparo e l  mortero para re l l enar l o s hue c o s  en mur o s  que 
s e  ba s a  en margas de montmor i l l on i t a  t omada s  de l o s  l u gares 
v e c i n o s  a la e s t ru c t ura . AdemA s , s e  e l abor6 la t e cno l og i a  de l 
r e f or z am i ento pre l i m i nar de l a s supe r f i c i e s  de paredes que s e  
l l eva a c abo durante l o s t r abaj o s  de l a  c o n s e rva c i 6n con e l  
emp l e o de l a  emu l s i 6n acuAt i c a C o l a  S i nt e t i c a .  Para l a  
pre s ervac i 6n supe r f i c i a l  h i dr 6 f oba s e  emp l e 6 l a  emu l s i 6n acuAt i c a 
a c r i l fco-per f l uo r i t a  I m l ar CPC 1 1 75 T .  

N o  s e  hab i a  l o grado , h a s t a  l a  f e cha , obtener l a  t e cno l o g fa de 
r e f o r z ar e s t ru c t ura l mente ( a l  inter i or )  l o s  muros de adobe . E l  
mate r i a l  r e f o r z ador s e  c omponfa d e  l i mos d e  montmor i l l on i t a  y e n  
e l  l aborator i o  y a  s e  obt u v i eron l o s  r e s u l t ad o s  promet edores con 
e l  apoyo de l a s mue s t r a s  de morteros de ca o l i n i t a s . L o s  t rabaj o s  
van a cont i nu ar s e . 

B i b l i o gr a f i a  
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TABLA I 
Las prop i edades bAs i ca s  f i s i ca s  de l a s argama s a s . 
============================================================ 

No . compo s i c i 6n hi gro s co-
de l a s p i c i dad 
argama s a s  

den s i dad absorb i b i l i dad 
aparente gra v i m� t r i c a  
g/cm3 /�/ 

poros i dad 
abierta 
� - vo l .  

============================================================ 

1 1 :  2 4 . 1 1 .  7 8  1 3 . 7  2 4 . 4  

2 1 :  3 3 . 8  1 . 5  1 4 . 2  2 2 . 6  
============================================================ 

TABLA I I  
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Prop i edade s aco. s t i c as de l a s argam a s a s  med i das con u l  trasonido 
( rea l i z ado con la cabe z a  de 2 5  kHz ) 
============================================================ 

No . c ompo s i c i 6n I prop i edade s aco. s t i ca s  
1-------------------------------------------

1 

2 

de argama s a s I 
I 
I 
I 

1 :  2 

1 :  3 

ve l o c i dad de l a  
propagac i 6n de 
onda l ongi tu
d i n a l  km/ s  

1 .  5 2  

1 .  6 4  

i mpenden c i a  
d e  onda 
aco.s t i c a 
g/cm2 

2 . 7 1 x 1 0 5 

2 . 6 1 x 1 0 5 

m6du l o  
de Young 
N/m2 

4 . 1 1 x 1 0 3  

4 . 2 8 x 1 0 3  
============================================================ 

TABLA I I I  
Aumento de l a  masa de l a s muestras de l 
e xponer l a s a l a  rad i a c i 6n 

I m l ar C PC 1 1 7 5 T  a l  

N o  de 
mue s t ra 

1 

2 

3 

4 

5 

6 

prome d i o  

I � m despues de t d i as 
1---------------------------------------------
I 32 46 70 93 1 04 

1 .  5 9  1 .  6 6  1 .  2 3  1 .  3 0  1 .  5 5  

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

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

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

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

1 .  7 8  1 .  7 8  1 .  5 0  1 .  5 7  1 .  6 8  

1 .  7 8  1 .  8 2  1 .  45  1 .  3 2  1 .  6 4  
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TABLA IV 

Aument o de l a  ma s a  de l a s  

expone r l a s a l a  r ad i a c i 6 n . 
mue s t r a s  d e  C o l a  S i n t e t i c a 

============================================================ 

No . de I � m d e s p u � s  de t d i a s  
I ------------------------------------------____ _ 

mue s t r a  I 3 2  4 6  7 0  9 3  1 0 4  
============================================================ 

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

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

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

4 4 . 5 2 6 . 7 1 1 1 . 2 4 

prome d i o  4 . 5 3 6 . 7 1 1 1 . 4 5 1 4 . 5 1 1 6 . 3 0 
============================================================ 

TABLA V 

Dur e z a  de supe r f i c i e  de l o s  re cubr i m i ent o s  
dependen c i a  de l t i empo de l a  r ad i a c i 6n 

e s tu d i ad o s  

=========================================================== 

t i empo d e  I dur e z a  de supe r f i c i e  
I ----------------------------------------

r ad i a c i 6n / d i a s /  I I m l ar CPC 1 1 7 5 T  C o l a  S i nt e t i c a 
=========================================================== 

o . 0 6 . 3 1 

2 0  . 0 6 . 4 0 

3 0  . 0 6 . 4 0 

4 8  . 0 6 . 4 1  

5 7  . 0 6 . 45 

7 6  . 0 6 . 4 4 
=========================================================== 

a l  

en 



ABSTRACT 

In the l as t  30 years the 
uncovered mud br i ck 
structures at Abus i r  have 
started to deteri orat e . Ra i n  
i s  be l i eved t o  b e  the ma i n  
cause o f  decay a s  we l l  as 
w i nd abras i on . Prese rva t i on 
of these mud br i ck comp l exes 
has been carr i ed out i n  
c o l l abora t i on w i th the 
Egypt i an Ant i qu i ty Orga n i za
t i on .  Unt i l  roo f i ng can be 
i nsta l l ed , the most 
important areas such as the 
s l aughterhouse in the Rane fe
re f ' s  comp l ex wi l l  be 
cons o l i dated by acry l i c  co
po l ymers ( Para l o i d  B72 and 
KP- l ak 709 ) and hydropho 
bized by s i  I dxanes ( Wa cker H 
and S i l g e l  JHM 2 0 ) . The 
d i f f erent i a l  therma l ana ly
s i s  and thermogravimetry 
reve a l ed that the 
compos i t i on of mud br i cks of 
5th and 26th Dynasty are 
very s imi l ar in c l ay mi nera l 
content but d i f f er s i gn i f i 
cant ly from the recent mud 
br i cks i n  the reg i on . The 
nearby Aswan H i gh Dam pre
vents f l ood i ng in the reg i on 
and thus the l ong-term equ i 
l i br i um i n  mud compos i t ion 
has changed recent l y .  

KEYWORDS 

Mud br i ck comp l exes ,  Abus i r , 
conserva t i on ,  c l ay compos i 
t i on ,  DTA/TG ana l ys i s ,  
earthen arch i t e cture . 

ABU S I R 
06 ffiN 

, l' °7 

30 0 m 

F ig. 1 Map of anc i ent 
Egypt i an monuments a t  Abus i r  
1 -pyrami d  of Ne f e r i rkare , 2-
pyrami d  of Novoserre , 3-pyra
m i d  of Sahure , 4-pyram i d  
comp l ex o f  Rane f ere f ,  5-pYr
amid comp l ex of Khentkaus , 
6-sh a f t  tomb of Ud j ahorres
net , 7-mastaba of P t ahshep
ses , 8-un f i n i shed pyramid . 
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OUTLINE OF MUD BRICK STRUCTURES CONSERVATION AT ABUS I R ,  EGYPT 
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The branch of the Czechos l ovak Inst i tute of Egypt o l ogy i n  Ca i ro 
was estab l i shed i n  1 959 and soon ga i ned re cogn i t i on i n  Egypt 
i t se l f . Research at that t ime started at Abus i r  ( se e  f i g . 1 )  around 
20 km south of G i za in the area of the great tomb of Ptahshepses , 
the v i z i er of the 5th Dynasty . A l imi ted pro j e c t  had a l ready been 
carr i ed out here by a German exped i t ion at the beg i n n i ng of the 
century , but the excava t i on was not comp l eted unt i l the mid-1970s 
by the Cze chs . I n  add i t ion to th i s  work , severa l exped i t i ons 
dur i ng the 1 960s a l so t ook part in UNESCO ' s  I nt erna t i ona l Campa ign 
to Save Monuments i n  Nub i a . I n  1 97 6 , the bu l k  of f i e l d  work moved 
to the Abus i r  Southern F i e l d  wh i ch was ass i gned to the 
Cze chos l ovak Inst i tute o f  Egypt o l ogy by the Egypt i an Ant i qu i ty 
Organ i zat i on . 

By 1 98 0 , the l arge rectangu l ar structure c l ose to the 
southern s i de o f  the pyrami d  o f  Ne f e r i rkare ( 5th Dynasty ) had been 
uncovered and des i gnated as be l ong i ng t o  the Ne f e r i rkare ' s  w i f e  
Quee n  Khe ntkaus ( see f i g .  2 ) . The construct i on o,f the structure 
was f i n i shed dur i ng the ru l e  of Neuserre , the younger son o f  
Ne f e r i rkare , who cont i nuous l y  used cheaper mater i a l  l i ke mud 
br i cks rather than l imes t one . The other pyrami d  comp l ex next t o  
t h e  Khentkaus ' was that o f  Rane fere f , t h e  o l de s t  s o n  of 
Ne f e r i rkare , excavated up to 1 982 and a l most exc l us ive ly made o f  
mud br i cks ( see f i g .  3 ) . The outstand i ng f i nd i ng w i t h i n  th i s  
comp l ex was the s l aughterhouse ( Sanctuary o f  the Kni f e ) w i th mud 
br i c k  wa l l s 6 0  cm to 1 m th i ck with four rounded corners . Here the 
of f er i ng anima l s  were s l aughtered , quartered and pos s i b l y  ski nned 
( see f i g . 4 )  01 . 

A l so i n  1 982 , excava t i on of the sha f t  t omb approxi mate ly 5 0 0  
m S W  of t h e  above-ment i oned pyramid comp l exes w a s  begun ( see f i gs . 
1 and 2 ) . Recent l y ,  a bur i a l  chamber w i th doub l e  sarcophagus of 
l imestone and bas a l t  was uncovered . The i ns cr i pt i ons c l ea r l y  
i nd i cated that t h e  s h a f t  tomb be l onged to Ud j ahorresnet ,  a 
we l l -known " dark " personage of the l at e  26th Dynas ty ,  who has been 
suspected of c a l cu l ated opportun i sm ,  treachery and co l l abora t i on 
with Pers i a n  conquerors [ 2 1 . 

A l l the uncovered mud br i ck masonry of the ob j ects prev i ous ly 
ment i oned ( i nc l ud i ng sma l l er ones l i ke the Mastaba of Pr i nce 
Neserkauhor or mud br i ck wa l l s by Mastaba o f  Khekeret nebty ) 
started to deteri orate immed i ate ly a f ter exposure to weather i ng .  
The ra i ns , even whe n  rare i n  the are a , me l ted the upper one or two 
br i ck l ayers wh i ch formed a crust at the very surface . A 
pu l ve r i zed mass w i th s ome empty spaces l ay beneath t h i s  crus t . The 
vert i c a l  surfaces eroded mos t ly w i t h i n  the j o i nt s  of br i cks and i n  
some p l ac e s  the remnants o f  p l aster pee l ed o f f . The other eros i on 
factor was abra s i on due to w i nd and sand part i c l es ;  deteri orat i on 
due to r i s i ng damp s eemed to be m i n ima l . I t  was c l ear that 
conservat i on o f  at l east s e l e c t ed parts o f  the masonry was 
urgent l y  needed . The State Inst i tute f or Restorat i on in Prague was 
i nv i ted to c o l l aborate i n  establ i sh i ng a pro j e c t  to stabi l i ze the 

mud br i ck structures . 

Observ i ng the s i tuat i on i n  s i t u ,  i t  has been evi dent that 
th�re cou l d  be o n l y  two u l t imate s o l ut i ons to the prob l em :  to 
bU I l d  a roof cover i ng the structures ent ire l y  or t o  bury them i n  
the Sahara s and . The number o f  wa l l s and the i r  sur f a ce i s  s o  huge 
that I t  �ou l d  be impos s i b l e  to conserve them f u l l y . In the same 
way bury I ng the structures i s  equa l l y imposs i b l e ,  because i n  
accordance w i th the ideas o f  t h e  Egypt i an Ant i qu i ty Organ i zat i on ,  
the who l e  Abus i r  pyrami d  comp l ex i s  t o  be ope ned t o  the pub l i c  i n  
the future . I t  was there fore de c i ded t o  l aunch a pro j e c t  t o  roof 
the Rane fere f ' s  mud br i ck comp l ex .  S i nce th i s  cou l d  t ake severa l 
years , another pro j e c t  was dev i s ed wh i ch a l l owed f or the se l e c t i ve 
conserva t i on of the most s i gn i f i cant parts ( such as vau l t s  or 
remnants o� p l aster ) wh i ch c ou l d  be protected aga i ns t  further 
deter I orat I on . Th i s  wou l d  preserve the se l e c t ed areas for the next 
decade be f ore the roo f i ng can be bu i l t . 
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F ig. 2 V i ew of Khentkaus ' 
comp l ex from the Ne fer i rka
re ' s  pyrami d  w i th the D j oser 
step-pyrami d  i n  the 
ba ckround . 

Experimenta l 

A deta i l ed study was carr i ed out on the qua l i ty of mud br i cks , 
the i r  d i me ns i ons and the k i nds of br i ck masonry . The br i cks are 
qu i t e homogeneous as far as the part i c l es are concerned , w i th the 
l argest gra i ns on average not exceed i ng 1 . 2  mm . Wi th the except i on 
of the upper br i ck l ayers , the mud br i cks i n  genera l were i n  good 
shape and su f f i c i e nt ly hard . There were pr imar i l y two s i zes of mud 
br i cks : 27-29 x 1 3  x 8-9 cm and 33 x 1 6  x 1 1  cm , resp . The 
techn i que of br i ckwork ac cord i ng to Spencer ' s  c l ass i f i ca t i on ( 31 
cou l d  be a s c r i bed as A3 or A4 wi th vau l ts FD1 . 

Two bas i c  types of conservat i on mater i a l  were chosen for 
carry i ng out exper iments in mud br i ck conso l i dat i on and 
hydrophobi zat i on and for tests in s i tu :  acry l i c  copo l ymers , 
because of the i r  stabi l i ty aga i nst wat er and UV-rays , and 
methy l a l koxys i l anes , because of the i r  l ong-term hydrophob i za t i on 
e f fect and expected durab i l i ty i n  severe c l imate . 

The acry l i c  products tested were Para l o i d  B72 ( R )  ( copo lymer 
ethy l methacry l ate-methy l acry l ate ) ,  and KP- l ak 709 fy VUSLP , 
Czechos l ovak i a  ( copo lymer methy lmetha cry l ate-buty l acry l ate ) .  The 
s i l oxane products were Ste i nverfest i ger Wacker OH ( R ) , and S i l ge l  
JHM 20 fy UTZCHT CSAV , Czechos l ovak i a  ( o l i gomer i c  
methy l a l koxys i l ane , 2 0  % i n  t o l uene-a cetone mi xture ) . 

To impregnate mud br i cks requ i res a proper techno l ogy that 
can guarantee a depth of penetrat i on of severa l cent imeters ; a key 
po i nt in the treatment is the type of s o l vent system . It was 
proved that a l l k i nds of po l ar so l vents such as water , a l coho l s ,  
and acetone are qu i ck ly absorbed by c l ay mi nera l s  i n  mud br i ck ,  
caus i ng i t  t o  decay rap i d l y due t o  expans i on . Th i s  i s  a ctua l ly the 
pr i nc i p l e  of the ma i n  deter i orat i on process occuri ng in mud br i ck 
structures i n  the open a i r  at Abus i r .  On the other hand , nonpo l ar 
s o l vents such as t o l uene or xy l ene proved to be comp l ete l y  safe 
f or mud br i ck .  Eventua l ly xy l ene was used be cause o f  i t s  l ower 
evaporat i on rate ( b . p .  140°C ) as the on l y  s o l vent f or a l l k i nds 
o f  treatments in wh i ch the acry l i c products were app l i ed for deep 
conso l i dat i on .  The s i Loxanes f or hydrophob i zat i on were used wi th 
acetone as a part o f  so l vent sys tem ;  this was carr i ed out o n l y  on 
pre conso l i dated sur f a ces by acry l i c  copo lymers and by rap i d  
brush i ng to prevent the deep penetra t i on o f  hydrophob i za t i on 
means . 

A l l the mud br i ck structures at Abus i r  Southern F i e l d  except 
that of the sha f t  tomb o f  Ud j ahorresnet date from the 5th Dynasty ; 
the l atter date from the 26th Dynasty - a d i f f erence of a lmost 
2000 y�a�s .  It was there fore i nterest i ng to i nves t i ga t e  the 
compos l t l on of mud bri cks , s i nce i n  the underground of the sha f t  
tomb mud br i cks were a l so used for b l ock i ng the room system . 
E l ementa l  chemi c a l  ana l ys i s  was not very product i ve and showed 
on �y s imi l ar compos i t i on of Ca , Mg , Al and S i  i n  part i cu l ar mud 
br l c� samp l es . The X-ray d i f frac t i on i n  a l l  the samp l es 
qua l l t a t l ve l y determined the c l ay mi nera l s  l i ke i l l i te or 



Fig. 3 V i ew of Rane fere f ' s  
mud br i ck comp l ex ;  to the 
top r i ght of the v i ew the 
sha f t  tomb of Ud j ahorresnet . 

F ig .  4 Rane fere f ' s  comp l ex ,  

a part o f  s l aughterhouse 

w i th remnants of p l aster. 
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montmor i l l on i t e  as we l l  as gypsum and traces of c a l c i t e . Thus , a 
method of " f i nger pr i nt i ng "  i n  wh i ch the standard i zed samp l es 
c ou l d  be compared was sought . The c l as s i c a l  I R-spectroscopy was 
f ound to be unhe l p f u l  s i nce the spectra by KBr-techni que were 
p l a i n  wi thout spec i a l  peaks . The s imu l taneous measurements by 
d i f f erent i a l  therma l ana lys i s  ( DTA ) and thermogravimetry ( TG )  was 
f i na l l y f ound to be use fu l s i nce i t  enab l ed the assessment 
quant i tat ive ly of the amount and type of c l ay mi nera l s ,  and in the 
case of recent mud br i cks a l so revea l ed the presence of orga n i c  
mater i a l s .  Both DTA and TG t e chn i ques are based o n  f o l l ow i ng the 
behavi our of s amp l e  in cont i nuous l y  i ncreas i ng t emperature , i n  
t h i s  part i cu l ar case i n  the reg i o n  from 1 0 0  t o  900 °C . 

The samp l es for DTA/TG ana l ys i s  were homogen i zed from a dozen 
probes and removed stat i s t i ca l l y so as to represent the who l e  
masonry . I n i t i a l  resu l ts showed that the compos i t i on o f  mud br i cks 
trom the t ime of 5th and those of 26th Dynasty are very s imi l ar .  
There fore , the idea arose o f  compar i ng them wi th recent mud br i cks 
used i n  the masonry of t oday ' s  Abus i r  v i l l age . The pyrami d  
comp l exes and the Abus i r  v i l l age are name ly so c l ose to each other 
( about 1 kID) that the source of mud f or mud br i cks probab l y  i s  
from the very near N i l e  channe l s .  A NETZSCH STA 409 DTA/TG 
i nstrument was used i n  a l l the measurements . I n  genera l .  50 
samp l es ( each about 50 - 7 0  g) were removed at a depth of severa l 
cent imeters from the masonry , homogen i zed by a pu l veri zer and then 
measured as an average standard samp l e . The sma l l  stones and other 
part i c l e s  l arger than 2-3 mm were removed dur i ng predri l l i ng so as 
not t o  i n f l uence the DTA/TG ana l ys i s  o f  or i g i n a l  mater i a l . 

Resu l ts 

From the beg i n n i ng i t  was cons i dered that i f  deep penetra t i on i s  
from the po i nt o f  v i ew o f  mud br i ck conso l i dat ion necessary then 
only acry l i cs wou l d  be used s i nce they have bet ter b i nd i ng 
pr�pert i es compared with s i l oxanes . They can then supp ly the mud 
br I ck w i th the mi ss i ng or decayed net structures wh i ch or i g i na l l y 
were based mos t l y  on c l ay and a phys i c a l bond of chopped straw or 
ha i r . The compres s i ve strength of acry l i c  mater i a l s  i s  grea ter 
than that of s i l oxane ones but by penetra t i on of acry l i cs i nto a 
depth of severa l cent imeters there were never found any cracks or 
deforma t i on of mud br i cks . 
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The exact measurements of the depth of penetrat i on of the 
conservat i o n  products was carr i ed out on mud bri ck s amp l e s  p l aced 
i n  a so l ut i on with a constant depth l eve l of 1 cm . The penetrat i on 
over t ime of pure s o l vents and of s o l ut i ons with d i f ferent 
concentrat i ons was f o l l owed v i sua l l y as it was q u i t e  s imp l e  to 
d i s t i ngu i s h  the darker zone of the penetrated part o f  br i ck .  The 
resu l ts c l early showed that the penetra t i on o f  a�ry l i c  product i n  
concentra t i ons u p  t o  5 % i n  xy l ene reaches the depth o f  1 0  - 1 2  cm 
i n  about 30 mi nutes . Para l o i d  B72 penetrated i n  the same 
concentra t i on more eas i l y  than KP- l ak 7 0 9 , and the 2 % 
concentrat i ons of both products penetrated qui cker and deeper than 
those of 5 % . On the cross sect i ons it was poss i b l e  to d i s t i ngu i sh 
the zone of penetrat i on from the surface about 2 em i n  area that 
was enri ched in acry l i c  polymers , apparent ly due t o  the 
chromatographi c separat i on o f  the p o l ymer mo l e c u l e s  on c l ay .  The 
i nves t i gat i on for hardness neverthe l ess showed that the acry l i c  
compounds were transported t o  some extent u p  t o  the f arthest p o i nt 
with xy l ene as a so l vent . These experiments y i e l ded i n forma t i on 
about the opt i ma l  concentrat i ons of impregnat i on s o l ut i ons f or mud 
br i cks , as we l l  as for readher i ng the remnants of p l aster to mud 
bri ck underground . 

The DTA/TG measurements revea l ed i nterest i ng resu l ts wh i ch 
are summa r i zed i n  f i g . 5 - 8 .  As can be seen from the DTA/TG , 
resu l ts of br i cks from the Khentkaus ' and Rane fere f ' s  comp l exes 
are very s imi l ar to the mud br i cks o f  the sha ft tomb of 
Udjahorresnet whi ch is actua l l y a lmost 2000 years more recent ( 6th 
ce"ntury B . C . ) .  The spectra c l ear ly prove that the bas i c  mater i a l  
o f  mud br i cks i s  c l ay ,  s i nce the peak o f  580 °C can be 
i nterpreted as the dehydroxy l at i on of c l ay such as i l l i te and 
those of 750 °C as changes i n  montmor i l l on i t e . The peak of 1 5 0  
°C c a n  b e  ascr i bed t o  gypsum . The sma l l  sh i f t s  i n  peak pos i t i ons 
are probably caused by part i a l  decompos i t ion of i nd i vidua l c l ay 
m i nera l s . No exothermi c peaks i n  the DTA/TG ana l ys i s  of anc i ent 
br i cks were observed . wh i ch i nd i cates that a l l the or i g i na l l y used 
organi c  mater i a l s ,  chopped straw , ha i r  or even hum i c  c ompounds 
were f u l ly degradated . 

On the other hand , the DTA/TG ana l ys i s  of the standard i zed 
samp l e  of mud br i ck made in the recent two decades show a 
fundame nt a l  d i f ference ( compare f i g . 8 w i th f i g . 5 .  6 ,  and 7 ,  
resp . ) .  These mud br i cks s t i l l  cont a i n  the organ i c  parts even when 
the macros cop i c  part i c l e - l i ke straw were removed be fore 
pu l ver i z i ng the samp l e s  ( the exotherm i c  peaks of 240 . 4  and 381 . 9  
°C ) . The other d i f ference i s  i n  the peak o f  789 . 0  °C wh i ch can be 
attr i buted to some other c l ay mi nera l wh i ch had not been present 
in anc ient muds . 
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F ig. 7 The DTA/TG ana l ys i s  of mud br i cks from the sha f t  tomb o f  
Ud j ahorresnet 
( a i r  atmosphere / 1 00 ml /mi n / . samp l e  206 . 64 mg . TG 250 

mg . DTA 500 �V . Netzsch STA 409 ) . 
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F ig. 6 The DTA/TG ana l ys i s  o f  mud br i cks from comp l ex o f  
Rane fere f 

F ig. 8 

( a i r  atmosphere 1 1 0 0  ml /mi n / . samp l e  1 6 1 . 44 mg . TG 250 
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Conc l us i on 

The uncovered mud br i ck monuments of 5th Dynasty at Abus i r  
urgent l y  need conserva t i o n  treatment . a t  l east for the most 
important sect i ons . A pro j e ct to roof the comp l ex of Rane feref has 
been proposed by the Czechos l ovak I nst i tute of Egypt o l ogy and the 
Egypt i an Ant i q u i ty Organ i zat i on .  In the meant ime and on the bas i s  
o f  the research descr i bed i n  t h i s  paper . cert a i n  areas were chosen 
for impregnat ion of the masonry . Para l o i d  B72 ( 5  % in xy l ene )  or 
KP- I ak 709 ( 5  % in xy l e ne ) were used for tests in s i tu .  They were 
app l i ed by brush and penetrated to a minimum depth of 5 7 cm . 
Th i s  was done on hor i zonta l upper surfaces and on vert i ca l  areas 
of wa l l s .  After a week . the conso l i dated surfaces were 
hydrophobi zed by Wacker OH ( R )  and by S i l ge l  JHM 20 ( 20 % in t o l u
ene-acetone mi xture ) .  The hydrophobi zat i on was aga i n  carr i ed out 
by brush i ng .  It can be expected that the hydro lys i s  and 
p o l ymer i zat i on of s i l oxanes cou l d  be negat ive l y  i nh i b i ted i n  the 
very dry cond i t i ons of the Saharan c l imat e . and therefore 2 m l  of 
d i st i l l ed water was added to the s i l oxane so lut i ons be f ore 
app l i c at i on . 

The test areas wi l l  be kept under surve i l l ance f or at l east 
three years and if the resu l ts are favourab l e  the same treatment 
wi l l  be extended to the other most s i gn i f i cant parts of masonry . 
The e f f�ct of hydrophobi zat i on a fter a lmost one month was 
neverthe l ess st i l l  very h igh and i t  was not poss i b l e  to 
deter i orate the treated sur f a ce even w i th h i gh amounts of water . 
I n  some areas at the s l aughterhouse in the Rane fere f ' s  pyramid 
comp l ex such a treated upper surface was covered by two l ayers o f  
fresh l y  made mud br i cks separated by straw f r om  the anc i ent ones . 
I n  that case a part of hydrau l i c l ime in proport i on o f  1 0  % was 
added to enhance the durabi l i ty of new br i cks aga i nst ra i n .  The 
method was chosen as an eth i ca l l y poss i b l e  s o l ut i on wh i ch exc l udes 
the use of d i f f erent mater i a l s  such as concrete p l ates . 

The remnants of p l aster were f i xed to the mud br i ck 
709 . 7 % i n  xy l ene . In t h i s  case the so l u t i on was put 
backround of the p l aster through sma l l  ho l es of 2 mm 
us i ng syr i nge need l es . The p l aster was a l so conso l i dated 
s o l ut i on of KP- I ak 709 in xy l ene �1 . 

by KP- I ak 
i nto the 

d i ameter 
by 3 % 

The i nves t i gat i on of mud br i ck compos i t i on by d i f f erent i a l  
therma l ana l ys i s  and thermogravimetry revea l ed that the anc i ent 
mud br i ck in the area is composed of very s imi l ar mud whether the 
mud br i cks come from the 5th or 26th Dynasty . These mud br i cks 
d i f fer neverthe l ess strong l y  from the recent ones used w i t h i n  the 
reg i on . It is perhaps poss i b l e  that the Aswan Hi gh Dam caused the 
sudden change i n  c l ay mi nera l s  in today ' s  mud in the nearest N i l e  
channe l .  
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ABSTRACT 

A methodological scheme 
for the conservation and 
restoration of earthen 
structures is proposed ; 
two case reports are 
presented . 

The first case 
analyzed , the Hospital 
San Juan de Dios , 
provides the basis for 
our proposal for 
restoring the Church of 
Inmaculda Concepcion of 
Tumbaco . 

This methodology 
encompasses the study of 
physical environmental 
elements , historical 
research . Detai led 
photographic 
documentation provides a 
thorough knowledge of �he 
monument and guarantees 
an adequate practical 
approach . 
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Methodol ogy , 
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environment , analysis of 
earthen architecture . 

Future Directions 

AN INTERVENTION METHODOLOGY PROPOSAL FOR THE CONSERVATION AND 
RESTORATION OF EARTHEN ARCHITECTURE 

Ruth Marcela Aleman Andrade 
Diego Vaca de la Vega No . 3 2 7  
Quito , Ecuador 
South America 

Introduction 

Two case reports are presented : The first is the Hospital San 
Juan de Dios built in the historical center of Quito . 
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The intervention proposal ,  methodology , and execution of the 
work done by engineer Mario Moran on the mud brick wal l  of the 
southern ward is analyzed . The second case , the Church o f  
Inmaculda conception of Tumbaco , w i l l  b e  used a s  a model for our 
proposal ( see f igs . 1 and 2 )  . 

Historical Summary of the Hospital San Juan de Dios and 
Intervention 

This hospital was built original ly in 1565 and has undergone 
repeated transformations since that time . In 1 9 7 3  the roof of 
the southern ward collapsed as a consequence of malpractice , and 
this led to evacuation in 1 97 4 . In 1975-1977 ,  a proposal was 
presented for restoring the structure to provide new use for the 
hospital , but the work was only partially completed . 

Historical research revealed that the southern and western 
wards belonged to the original primitive structure . The 
earthquake of 5 March 1987 , which affected the historical center 
of Quito , severely damaged the arch of the church , the bel l  
tower, and the mud brick wal l  o f  the southern ward o f  the 
hospital . 

Engineer Mario Moran was in charge of the restoration . He 
analyzed the old structure , taking into account the past 
earthquakes in the area of Quito , the vulnerability of the wall  
which exhibited cracks of various depths , the compressive 
strength , the physical characteristics of the mud brick and 
mortar ,  the resistance of the soil , the depth of the foundations . 
This research led to the conslusion that aged material with a 
resistance loss of 7 0 %  must be replaced by new material with 
similar or improved physical mechanical characteristics . 

Engineer Moran proposed the use of micropilots piercing the 
wal l  and anchored to an iron net on the wal l  surface . The goal 
was to consol idate the wal l  in order to guarantee its stability . 
The iron net was adhered to the irregular wal l  surface by means 
of rendering composed of cement , sand , and small stones . 

This proposal rested on the hypothesis that the wal l  system 
would recover its resistance and stabil ity by being tightly 
enclosed . This methodology was based on the structural analysis 
as an approach to solving a specific problem :  the lack of wal l  
cohesion derived from its building material , mud brick ; i t  may 
prove useful in other similar situations . But architectural 
restoration is aimed at preserving structures and reveal ing the 
aesthetic and historic value of the monument and is based on 
respect for the original material ( 1 ) . Wherever the traditional 
setting exists , it must be kept . In the course of any 
intervention , these values should prevai l  over technology . 

The conservation and restoration of monuments must have 
recourse to all  that science and technology can contribute to the 
study and safeguarding of architectural heritage ( 1 ) . Also , an 
adequate methodological approach must be considered in order to 
guarantee an adequate intervention in earthen buildings . 

Proposal for the application of a new intervention methodology in 
the Church of Inmaculada Conception of Tumbaco 

Analysis 

1 .  Study of the environment : atmospheric agents (climate, 
temperature , direction of wind , solar exposure , intensity of the 
rain) , geographic characteristics of the area ( geomorphology , 
geology) , seismic activity . 
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It is also important to obtain information about the urban 
area and the traditional techniques and workmanship available . 

The Church of Tumbaco is situated in the province o f  
Pichinch , a t  2 . 3 3 5  meters above sea level , 6 kilometers from 
Quito . This area corresponds to equatorial isothermic cl imate 
with a mean temperature of 10-2 0 ·  C ,  relative humidity of 65 to 
85 percent and the pluviometry of 1 , 3 00 to 2 , 00 0  mm/year , the 
hydric resource for the region averages 2 0  to 3 0  l/sqJKm ( 3 0 % ) . 
Geology is characterized by quaternary volcanic formation of 
pyroclastic material known as "cangahua" ( 2 ) . 

The development and modernization of Quito has a ffected 
Tumbaco by altering the vernacular architecture and the rural 
network . The use o f  new materials and the creation of structures 
in which mud brick is replaced by brick and roof tiles by z ing 
plates provides evidence of this transformation . 

2 .  Historical research : written and iconographic documents 
concerning the monument from archives or artistic l iterature , 
including the restorations performed , establ ish the chronology -of 
the monument . 

The Church of Inmaculda Concepcion of Tumbaco was built in 
the second hal f  o f  the sixteenth century . The bel l  tower was 
probably erected in 1 8 3 3 ,  and the chapel fo the Order of 
Franciscans , built between 1 8 6 0  and 188 5 ,  is lacking information 
until the second hal f  of this century . The parish house ,  
probably from the same time a s  the bell tower, was destroyed due 
to urban transformation ( 1954-1979 ) ,  and later the church was 
abandoned ( 19 7 9 - 1 9 8 3 ) .  The new church was built during that 
period , as wel l  as a sport court with stone steps two meters high 
discharging on the back mud brick wal l .  

The complete restoration o f  the chapel o f  the Third Order of 
Franciscans was performed bewtween 1983 and 198 5 .  Traditional 
systems and materials were used , and it resisted two earthquakes 
that severly damaged the church . During this period the new roof 
of the church collapsed � part of the apse and sacristy , as wel l  
a s  the dividing wall ,  were exposed t o  rain . 

A temporary roof was built as a solution to this problem .  
This structure aimed t o  protect the mud brick wal l s  covering 
approximately 2 7 0  square meters . The bell tower was damaged by 
the earthquake of 1987 but was rebuilt . In 1988 the church lost 
the old roo f  over the choir . 

3 .  Study o f  the building and present situation : A 
knowledge of the building is essential to determine the causes of 
the deterioration and to evaluate their effects . It should 
include the following steps : 

- Temporary protection ( cleaning , fumigation , support , 
inspection of drainage , plumbing and electrical systems ) .  
- Scale drawing (topographic plans , elevations , sections , 
etc . ) 
- Study of traditional designs and guidel ines . 
- structural deterioration ( cracks and seismic 
vulnerab i l ity , buckl ing , collapse , shrinkage cracks) 
- Analysis of the resistance of material s ,  mechanics of 
soil s ,  physical and chemical properties of the material s . 
- Archeological research ( depth and qual ity o f  basements , 
original level of the floor , determination of old 
foundation ) . 
- The elements of the building should be analyzed : wal l  
(plasters , mural paintings , humidity , type o f  window 
openings , door type ) , floor ( qual ity , old designs ) ,  roof 
( cover type , overhang , gutters) .  All these data need 
photogrpahic documentation . Environmental and historical 
studies must also be taken into account . ( 3 ) 
Present s ituation of the Church of Tumbaco : The church has 

a long main nave with a polygon apse and a magnificent inner 
space 59 meters in length by 8 . 60 meters width and an interior 
height of approximately 7 meters . The sacristy is perpendicular 
to the apse � it measures 7 . 60 meters by 8 . 00 meters by 4 . 00 
meters and at present serves as the debris cel lar. The 
bapistery , s ituated perpendicular to the choir and probably 
similar in size to the sacristy , has disappeared . 
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The church masonry has a thickness of 1 . 80 meters and is 
made of mud brick and plaster . The masonry of the sacristy , made 
of the same material , has a thickness of 1 meter . The posterior 
wal l  of the church has severe damage in three places . A 13 meter 
section was destroyed by the apse wal l  collapse ; it corresponds 
to the dividing wal l  between apse and sacristy . The collapse of 
the choir roof ( caused by the 1988 earthquake) damaged the 
masonry . And , the introduction of the stone steps interfered 
with drainage , causing erosion in part of the wall .  

Only 7 out of 1 0  windows , specially designed to facil itate 
drainage of rain,  are preserved . 

Access to the church is through a main entrance with a brick 
porta l ,  consol idated by a previous restoration and now partially 
damaged as a result of wind erosion , and a side door . 

I n  order to diminish erosion of the wal l  by rain , the church 
has a special system consisting of two rows of diagonal brick 
arranged on top of the wal l .  

Emergency intervention in 1988 : As a result o f  the April 
1988 earthquake , the church lost the choir roof and consequently 
the mud brick wal l  was exposed directly to rain . 

The f irst action was aimed at covering the building with a 
temporary roo f .  The second action was the removal of debris . 
The third was the support of both sides of the back wall ,  while 
the forth action involved covering the outside surface with 
plastic bands f ixed to the top of the wal l .  

Two years later , the plastic bands have disappeared ; the 
support of the external wal l  was removed ; some z inc plates are 
loose or broken.  This temporary structure can ' t  stand 
indefinitely . 

Conclusion 

The proposed methodology is useful for the analysis of this 
monument . 

First , an accurate knowledge of the historical aesthetic and 
building values ensures comprehension of its unique quality and 
how different causes could produce the present deterioration . 

The second step will encompass the formulation of a series 
of alternative proposals to find out ( a fter laboratory and f ield 
experiments) the best treatment approach . 

Following the scientific method , the chosen proposal must be 
subj ected to further experimentation and analysis and prove to be 
the best solution for the problem .  

U p  t o  now restoration of earthen architecture has taken into 
account : 
- The use of a single material ,  earth 
- Building systems using traditional workmanship . Other 
materials are included only if they are compatible with 
earthen materials . 

But these trends do not preclude the incorporation of new 
alternatives to face the specific problems of restoration of this 
type of building . 
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ABSTRACT 

A cri tical evaluation of 
international recommenda
tions for the preservation 
of the earthen architec
tural heritage , the often 
l imited implementation of 
such guide l i ne s ,  and an 
i ncreased awarene s s  of the 
measure s required to ensure 
the safeguard of thi s 
heri tage have called for 
the formulation of a 
comprehensive plan i n  thi s 
domain . 
Five years of collaboration 
between CRATerre-EAG and 
ICCROM have resulted in an 
i ntegrated proposal for 
j oint activities in train
ing ,  research, documenta
tion, development of didac
tic material/standard s ,  and 
technical cooperation . .  
Thi s  paper presents a 
summary of the long-term 
proj ect planned by 
CRATerre-EAG and ICCROM i n  
fulfi lment of their 
i nternational roles . 

CRATerre : The I nternational 
Centre for Earth Cons truc
tion . 

EAG : l ' Ecole d ' Archi tecture 
de Grenoble .  

ICCROM : The I nternational 
Centre for the Study of the 
Preservation and the Re
storation of Cul tural 
Property . 
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Twenty years ago , the first international concerns about the need 
to preserve the world ' s  earthen archi tectural heritage were 
expres sed in the City of Yazd,  Iran [ 1 ] . S ince then , a recommen
dation to organize speciali zed training in the field was approved 
in Lima , Peru [ 2 ] , and a concrete commitment to face thi s task 
was undertaken in 1 9 8 7  by ICCROM and CRATerre in Rome , I taly [ 3 ] . 
Last year,  a formal agreement for continuous activi ty i n  
training,  research,  documentation and technical cooperation i n  
thi s  matter was s igned b y  the Directors o f  ICCROM, CRATerre and 
the School of Architecture of Grenoble [ 4 ] . 

The se 2 0  years - and certainly many more of unrecorded efforts 
- constitute a very rich proce s s  that leads to the present 
proj ect which must be placed in the context of s i lent efforts for 
the gradual recognition of value s in specific cul tural expres
s ions . For thei r  contributions to thi s proce s s ,  mention is due 
to Prof . Pi ero Gazzola , who i n  the early seventi e s ,  a s  Pre sident 
of the I talian Icomos National Committee,  played a significant 
rol e in promoting concern for this field,  and to Prof . Giorgio 
Torraca , sci enti st,  former Deputy Director of ICCROM, who wa s 
active through the seventi es and early eightie s  i n  coordi nating 
i nternational exchange of i nformation oriented towards the 
preservation of the earthen architectural heritage . 

Following the se i nitiative s ,  the past decade has seen ICCROM 
actively involved in promoting the development of activities in  
the field . These include our contributions to the meeting 
organi sed i n  Ankara , Turkey i n  1 9 8 0  [ 5 ] , the organi sation of the 
meeting i n  Lima , Tru j illo and Cusco ,  Peru i n  1 9 8 3 ,  the j oi ntly
organized ICCROM/CRATerre meeting of Rome in 1 9 8 7 ,  and the 
gradual exchange of experience s in the context of the CEAA-Terre 
of the School of Archi tecture of Grenoble and CRATerre . 

Neverthel e s s ,  a critical evaluation of the implementation of 
i nternational recommendations for the preservation of the earthen 
archi tectural heritage has requi red the formulation of a 
comprehens ive plan - The Gaia Pro j ect [ Ge or Gaia ( myth . ) :  the 
goddess Earth ] - i ncluding activi ties consonant with ICCROM ' s  
four statutory functions in  this domain . 

Thi s  paper outl ines ICCROM/CRATerre/EAG ' s  five-year plan in 
the field of preservation of earthen architecture . 

Background situation 

The i nternational recommendations approved from 1 9 7 2  to 1 9 8 7  ( s ee 
Appendix 1 ) , reflect the thoughts and concerns at various time s 
regarding the need for specific activi ties i n  the field . Yazd 
( 1 9 7 2 )  and Yazd ( 1 9 7 6 )  [ 6 ] ,  may be seen a s  the first systematic 
attempts to characterize the earthen archi tectural heri tage and 
to outline preliminary recommendations for its preservation . The 
interim meeting in Santa Fe,  New Mexico ( 1 9 7 7 )  [ 7 ]  clearly iden
tified the urgent need to carry out research on speci fic aspects 
of the field . An attempt to follow up the Santa Fe recommenda
tions was made by researchers of the Institute for Applied Tech
nology and the Center for Building Technology/National Engineer
i ng Laboratory ( National Bureau of Standards /USA) [ 8 ] . The fol
lowing meeting ( Ankara , 1 9 8 0 )  did not record further development 
of the previous recommendations . Thi s  event encouraged a broader 
view of the field by introducing the expres s ion earthen architec
ture for the first time and fine tuned all previous recommenda
tions . In Lima ( 1 9 8 3 ) , specific concerns about the development 
of a network for thi s field were expressed and intensive training 
in establi shed centers was recommended . I n  Rome ( 1 9 8 7 ) , speci fic 
commi tments and decisions were finally taken to carry out 
moni tored activi ty in thi s field . 
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The Long-Term Plan of ICCROM ( 1 9 9 0-2 0 0 0 )  

Based on  current perceptions regarding the implementation of 
ICCROM ' s  four statutory functions , the Long-Term Plan of ICCROM 
( 1 9 9 0 - 2 0 0 0 )  [ 9 ]  encourages the development of integrated ac
tivi ties in training , re search , documentation and technical 
cooperation in conj unction with its As sociate Members , with the 
aim of developing programmes of scienti fic cooperation at the 
highe st pos s ible level . 

I n  the context of thi s  ten-year plan, an agreement was subse
quently signed by ICCROM, the International Centre for Earth 
Construction ( CRATerre ) ,  and the School of Archi tecture of 
Grenoble ( EAG ) . 

The background for thi s agreement i s  a result of over five 
years of cooperation between the se three i n s ti tutions i n  the 
exchange of profe s s i ona l s ,  the j oint organization of sci enti fic 
events and publication s ,  the exchange of i nformation and the 
development of related activi ties . 

ICCROM/CRATerre/EAG 1 9 8 9- 1 9 9 4  Term Plan for Activi ties in the 
field of Preservation of Earthen Architecture 

Based on the experience described above , and the need to meet 
short and medium-term requirements concerning programme and 
budgetary definition s ,  ICCROM, CRATerre and the EAG have prepared 
an overall scheme ( see Chart 1 )  to organize six years of acti
vities related to thi s field of experti se . 
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Evaluation of net
work operation 
and fine-tuning 
of network 
activities 

Redefinition of 
roles and tasks 

Availabl e budgetary resource s made i t  pos s ible to i n i tiate 
pilot activities towards the end of 1 9 8 9 , with the First Pilot 
Course on the Preservation of the Earthen Archi tectural Heri tage 
held in Grenoble (France ) from October 2 3  to November 0 3 . 
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The completion of thi s pilot activi ty proved extremely helpful 
in  providing i ndications for further development of the pro j ec t .  
Previous perceptions i n  relation to curri culum development, 
didactic material , appropriate timing , selection of i n s tructor s ,  
training strategies , real demand for speci f i c  training in thi s  
domain have been certainly enriched by thi s experi ence . 
Moreover ,  the unique opportunity for continuous exchange of 
i nformation among course participants and instructors which thi s 

-experience provided , has already activated an efficient network 
of profes siona l s  wi th responsibi l i ties i n  thi s  field . In addi 
tion, a number of related activi ti e s ,  relevant t o  specific cul
tural regions ,  were di scus sed and are in the process  of better 
defini tion . A full report on thi s  pilot course has been prepared 
[ 10 ]  . 

Sub-proj ect: Training 

While  the first attempt to provide specialized training in the 
field of architectural conservation began in 1 9 58-59 at the 
School of Architecture of the University of Rome , it was not 
until 1 9 6 4  that ICCROM was i nvited to as sume a commitment to 
develop training in thi s doma i n .  

Moreover ,  i t  was not until 1 9 7 7  that ICCROM establ i s hed i t s  
own archi tectural conservation course t o  meet i nternational 
requirements . In thi s  context and following growing demands 
regarding course contents , the preservation of the earthen 
archi tectural heri tage took its place among the various dis
cipl i nes already present i n  previous training programmes .  

The decade that followed the establ i shment of ICCROM ' s  
International Archi tectural Conservation Course wi tne s sed an 
i ncreasing concern for the development of a methodological 
approach to the problems of the pre servation of the earthen 
archi tectural heri tage . In response to thi s need , ICCROM 
undertook a sys tematic search for expertise in all related dis
cipline s ,  i ncluding that of earthen construction . I n  the evolu
tion of thei r  own activi ties ,  CRATerre and the " Ecole d ' Architec
ture de Grenobl e "  had also identi fied urgent needs for training 
i n  thi s field . 

On the occasion of the I nternational Colloquium on " Earthen 
Construction Technologies Appropriate to Developing Countrie s "  
( Bru s sel s ,  December 1 9 8 4 ) , a first contact was e stabl i s hed 
between ICCROM and CRATerre-EAG . Fol lowing thi s event, there 
ensued five years of cooperation in the development of training 
on this topic ,  both at ICCROM and at the EAG , which have led to 
the defi ni ti on of a long-term plan for thi s  specific activity 
wi thin the Gaia Pro j ec t .  

The traini ng activi ty of the Gaia Proj ect mu st be seen i n  its 
close and i ndi spensable relationship to the other sub-proj ects , 
namely research,  documentation , development of didactic materials 
and standards , and techni cal cooperation for preservation ( see 
Chart above ) . Only through such an integrated approach can a 
sound training curriculum be developed . I n  fact, while  the pro j 
ect sub-divi sions are useful to define speci f i c  activi ty , i t  must 
be remembered that each activity influences and i s  dependent upon 
the others . Research,  documentation and technical cooperation 
will all contribute to training content and structure . Training 
needs will , likewi s e ,  identify priori ties for the other sectors . 

I n  the overal l  structure of the Gaia Pro j ect,  training 
include s an i ni tial five-year period of courses ,  beginning with 
the Pilot Course in 1 9 8 9 , followed by two I nternational Courses 
( one i n  1 9 9 0 ,  the other in 1 9 9 2 ) and pos sibly two Regional 
Courses ( 1 9 9 1 ,  1 9 9 3 )  if the obj ective condi tions neces sary for 
the organi zation of sUGh regional programmes can be created . The 
fi fth year, 1 9 9 4 ,  would be reserved for a first overall evalua
tion of the long-term plan . 

Given the considerabl e effort and resource s neces sary for the 
organi zation of regional activity , it i s  important to cons ider 
the minimum requi rements for undertaking such ventures .  Among 
the se requi rements , the i s sue of continuity mus t  be very 
carefully examined . Too often, the development of regional 
training activities follows solely pol i tical imperatives while  
fai l i ng to  create the conditions es sential to  ensuring con
tinuity . The earthen architectural heri tage is too important to 
be subj ect to such ephemeral activi ty which only leads , in the 
long run ,  to a seriou s neglect of our heritage . Traini ng at the 
proj ect headquarters (Grenobl e )  should , therefore , not only 
prepare the profe s s i onals neces sary in thi s domai n  but also 
promote real pos s ibi l ities for further regional activity which 
would ul timately be the responsibi l i ty of local operators working 



Adobe 90 

in collaboration with the international network of ICCROM and 
CRATerre-EAG ' s  Gaia Pro j ec t .  In this way ,  the i nternational 
role of our institutions i n  initiating and coordinating activi ty 
would be signi ficantly i ncreased . 

From the point of view of content, thi s collaborative training 
endeavour should gradually define the role ,  sci enti fic knowledge , 
and professional ski l l s  required by the archi tectural conservator 
who will be called to preserve the earthen archi tectural 
heri tage . A course curriculum i s  being elaborated i n  constant 
consultation with the instructors and field experts active i n  
thi s area . 

Training i s  still a seriously-neglected aspect of the field,  
even though i t  has been repeatedly identi fied as an important 
area of concern . The Gaia Proj ect seeks to recti fy thi s 
situation by providing a structure for a systemati c ,  scientific 
approach to thi s  problem, thereby fil l i ng an immense gap in 
activi ties oriented toward the preservation of an important part 
of the world ' s  cul tural patrimony . The se general trends proposed 
for the training portion of the Gaia Proj ect should be fol lowed 
by further developments whi ch wil l  depend on the outcome of each 
specific activi ty scheduled for the next five years . 

Sub-proj ect : Research Development 

Research concerning the preservation of the earthen archi tectural 
heri tage has been repeatedly recommended in i nternational meet
ings . As a result,  some proj ects have been carried out and 
others are in progress . These initiatives are certainly impor
tant . Yet ,  wi thin the broad scope of research activi tie s ,  two 
recurrent problems need to be addressed . The first i s  the fact 
that most research carried out to date has focused on " solutions"  
to  conservation problems associated with the earthen archi tec
tural heri tage ( i . e .  new products , techniques,  alteration of the 
materia l ,  etc . ) rather than on a characterization of the 
material /problem i tsel f .  The second i s  the need for coordination 
of research i n  order to avoid duplication of effort and to 
establ ish priori ti es . 

Thi s  sub-proj ect aims to develop and coordinate an interna
tional research effort . CRATerre has already carried out 
exploratory work on the material " earth " as a proj ect for the 
French Mini stry of Urban Planning and Housing in January 1 9 8 3 . 
Thu s ,  a methodology exi sts which can certainly be applied to 
preservation concerns . Similarly, the Gaia team has taken 
initial steps towards the development of an i nternational 
network concerning the preservation of earthen archi tecture . I t  
has ,  therefore , already become a reference point f o r  i nternation
al efforts , and establ i shed ties wi th representative preservation 
institutions and important sites . Perhaps , most importantly,  
research wi l l  be coordinated within the context of the entire 
Gaia Pro j ect and wi ll , consequently ,  i nfluence and be influenced 
by the other sub-proj ects . Only through thi s type of i ntegrated 
approach wi ll research priori ties be defined by the real needs of 
the field and results be dis seminated effectively to the largest 
possible audience . 

Activi ty i s  envi saged i n  two stage s :  

Stage one , to be carried out together with the sub-pro j ect on 
documentation, will i nvolve an exploratory survey i n  order to 
define priori ties . I t  will be nece ssary to evaluate existing 
knowledge about earth as a material , i ts use i n  cons truction and 
its preservation, as wel l  as research currently in progress . 
The results of this exploratory pbase will form a research i ndex 
to be developed by the documentation sub-proj ect as  part of its 
data-base . 

Stage two will i nvolve the development of specific research 
activi ti e s ,  based on the exploratory survey carried out in stage 
one . The Gaia Proj ect will function in the capacity of promo
tion and coordination of research to be carried out in close col
laboration with the international network . 

Priori ty wi ll  be given to those areas where knowledge i s  most 
vitally needed - based on the survey and where no current 
research activi ty exi sts . Emphasis  will be placed on methodology 
as opposed to the mi sguided quest for a unique " optimal " 
solution . Advanced technology wi ll  be vi ewed not as an end in 
i tself but will be examined for possible i nferences regarding 
" low" technology solutions . 
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Re search i s  criti cal to the advancement of any field,  and the 
pre servation of the earthen archi tectural heri tage i s  no excep
tion . To be effective , however,  research activi ties must be 
directed at i s sues of critical importance , and carefully coor
dinated so as to maximi ze efforts . 

Sub-proj ect : Documentation and Standards 

The need to develop an international i nformation network 
concerning many aspects of the preservation of the earthen 
architectural heritage has also been expre ssed in the recommen
dations of international meetings . Little has been done , 
however ,  toward the actual implementation of such recommenda
tions . The Gaia Sub-pro j ect on Documentation and Standards will 
seek to promote and develop activity i n  thi s context . 

The combined resource s ,  expertise and on-going experi ence of 
ICCROM and CRATerre-EAG provide an especially strong foundation 
for documentation on thi s  subject.  Both ICCROM and CRATerre have 
well-establi s hed l ibraries in their own disciplines which 
together contai n  an impres sive number of publications about the 
pre servation and/or cons truction of earthen architecture . 
Simi larly , both organi zations have an exi sti ng network of 
profes siona l s  and institutions active i n  their respective fi elds 
which can be utili zed and expanded . I n  addition,  in the area of 
publ ications ,  e stabl i s hed institutional forums ( ICCROM ' s  Newslet
ter ,  CRATerre ' s  Bull etin d ' Information) are effective tool s for 
the di s semination of information . Activity has also been 
ini tiated on development of standards through parti cipation i n  
and coordination of international efforts such a s  CRATerre ' s  
Presidency of the RILEM/CIB Commi ttee TC9 6EB/WC9 0 " Earth 
Technology for Bui lding Construction " .  There i s ,  thu s ,  a strong 
foundation for the management of information on our topic . 

From a general standpoint,  the Gaia Sub-proj ect on Documen
tation and Standards is primarily concerned with the creation, 
col lection, and di s semination of information regarding the 
pre servation of the earthen archi tectural heri tage for a range of 
purposes and audience s .  The targeted audience groups i nclude the 
Gaia Pro j ect members ( a s  well as the greater proj ect network ) ,  
profe s s i onal s active in the pre servation of the earthen archi tec
tural heri tage , participants in training activities ( both 
teachers and students ) ,  and the general public . 

Speci fic activi ti e s ,  to be carried out in close collaboration 
with the other sub-proj ects , must be conceived in relation to 
the needs of the se target groups . 

Of primary importance for the Gaia Pro j ect and network i s  the 
creation of a continuou sly updated , international data base 
containi ng information on profess iona l s  active in the fi eld , 
equipment/ technique s ,  training activi ti e s ,  and on-going research 
as  wel l  as an inventory of the earthen archi tectural heri tage , a 
bibl iography of exi sting publ ications and a mul ti - l ingual 
glos sary of terms . Work has already begun on the bibl i ography 
and glossary as a first step toward the fulfilment of thi s goal . 
Publication of a regular newsletter , based on the updated data 
base and voluntary contribution s ,  and of a biannual research 
index and bibl iography are also fores een . 

For the professional audience, the Gaia Sub-pro j ect on 
Documentation and Standards envi sages the production, publica
tion and di s tribution of technical notes on crucial i s sues . 
Targeted subj ects for the first two years of the pro j ect include 
soil identification, humidity survey , and structural monitoring . 
Other activities will include a s s i stance i n  the edi ting , 
publ ication, and dis semination of research re sults and special
i zed documents as  wel l  as  active participation in the development 
of national and i nternational standards for both laboratory and 
field procedure s concerning earth and the earthen archi tectural 
heri tage . 

I n  connection with training activi tie s ,  thi s sub-proj ect will 
focu s on the production, publication and distribution of manual s  
and didactic material s . Plans for the first phase o f  the 
proj ect i nclude a laboratory manual on soil analysis  and the 
production of several complementary video tapes explaining 
laboratory procedures .  Work i s  also i n  progre s s  on variou s video 
simulations of preservation treatments . Another activity in thi s 
area wi l l  be the actual installation of basic laboratory modules  
for didactic purposes on  a regional level . Work i s  already in 
progre s s  on model specifications for such a faci l i ty . 



I nformation for the general publi c  will be aimed at rai s i ng 
consciousne s s  regarding the earthen archi tectural heritage . 
Activi ties wil l  i nclude the publ i cation of selected monographs on 
earthen architecture a s  well as exhibi tions and high-visibi l i ty 
media events .  In the first pha se of the pro j ect,  new material on 
preservation and techni cal i s sues of earthen construction will be 
added to exi sti ng exhibi tions . 

The generation, collection, management and di s semination of 
i nformation is criti cal to the succe s s  of any endeavour . The 
Gaia Pro j ect aims to become a cl earing-house for i nformation 
whi ch wi l l  aid those already active in the field as  wel l  as 
promote an i ncreased awareness of thi s  important and often 
neglected component of the world ' s  cultural patrimony . 

Sub-Project:  Technical Cooperation 

An overview of current i nternational technical cooperation in 
preservation of the earthen archi tectural heri tage suggests a 
very seriou s situation . Some of the problematic aspects of thi s 
s i tuation are : total absence of information i n  wide geo-cultural 
areas , l imi ted a s s i s tance by foreign experts , frequent requests 
for specific advice resulting i n  mi s sions by only a l imi ted 
number of professional s ,  or else by consultants with i nsuffici
ent knowledge and experience of the problems concerning this 
field , re stricted scope in the recommendations for preservation, 
and lack of speci f i c  follow-up activitie s .  

The role of i nternational i nstitutions in  coordinating techni
cal cooperation with national conservation services require s  a 
revi sed and more systematic approach .  Thi s  falls  within the 
context of ICCROM ' s  third statutory function whi ch mandates that 
the institution provide advice on general and speci f i c  points 
connected with the pre servation and restoration of cultural 
property . It is also in l ine with the recommendations of the 
meetings in Yaz d ,  Santa Fe , and Rome , which rei terated the need 
to i ni tiate field pilot pro j ects in an integrated plan of ac
tivi ti e s ,  and also the agreement signed by ICCROM/CRATerre-EAG . 

I n  thi s regard , the Gaia Proj ect again aims to promote , create 
and develop the condit�ons nece s sary for rational and effective 
technical cooperation oriented toward the formulation,  implemen
tation and management of overal l  site preservation plans . 

The first step toward achieving thi s goal i s  to identify and 
establ i sh contacts with national conservation services and with 
those professional s responsible for the preservation of speci f i c  
s ites i n  urgent need in order t o  di scu s s  the se problems and to 
proceed systematically in formulati ng preservation plans . The 
traini ng sub-proj ect of the Gaia Pro j ect ha s al ready provided a 
unique opportunity for some of these profess ionals to meet and 
ini tiate such discus sions . During the 1 9 8 9  Pilot Cours e .  the 
proj ect s taff met with professional s  responsible for earthen ar
chaeological site s  of global importance , such as  Chan-Chan/Peru , 
Mari/Syria , Tulor/Atacama , Chi le as well as cities such as  
Qui to/Ecuador , Popayan/Colombia ,  and Alcantara/Brazi l . Further 
development of thi s i ni tiative has led to contacts and on-going 
discu s s i ons with professionals responsible for the study and 
pre servation of the Albaicin in Granada/Spain and Evora/Portugal .  
From the se prel iminary di scus sions , we have confirmed our 
perceptions regarding the generalized need for preservation plans 
and we have defined two levels of action . 

On a general level , i n  order to better characterize the form 
and qual i ty of exi sting i nternational technical cooperation, i t  
i s  indi spensable to initiate a careful evaluation o f  previous 
activi ties with countries and/or cul tural areas that pos sess  a 
s ignificant earthen architectural heri tage . Thi s  can be 
effectively carried out through a summary revi ew of the activity 
of each of the institutions involved in the Gaia Proj ect 
( ICCROM/CRATerre-EAG ) i n  the above-mentioned countries . Through 
systematic researc h ,  thi s  can then b e  supplemented with further 
i nformation about the activi ties of other institutions . 

On a more speci f i c  leve l ,  contacts with field professional s 
( some mentioned above ) have initiated processes for immediate 
action . The se activi ties are aimed at the formulation of overall 
pre servation plans and include the definition of conservation 
priori ties for each s i te based on the evaluation of previous site 
preservation work , systematic condition a s s e s sment,  installation 
and subsequent uti l ization of earth pre servation modules  ( si te 
laboratories and monitoring equipment ) ,  and conservation/main
tenance of the s ites based on the plans . As alway s ,  a close 
connection with the other Gaia sub-pro j ects of training ,  
researc h ,  and documentation i s  fore seen i n  the long-term scheme . 



Future Directions 

Continuity can be guaranteed only i n  the context of thi s  kind 
of i ntegrated activity , ba sed on the promotion and technical 
support of national conservation services and profess ionals  in 
this domain . 

The pre servation of the world ' s  earthen archi tectural heri tage 
cannot rely on the que stionabl e effect of sporadic action s ,  the 
production of countl ess  mi ssion reports/recommendations which 
are never impl emented , the circumstance of emergency , the epheme
ral opportuni sm of practical pol i tics or similar factors . It i s  
es sential to promote a con s i s tent scienti fic approach to this 
probl em . In thi s respect we hope that the Gaia Proj ect will 
offer a frame of reference for much-needed integration of ac
tivi ties and the efficient util i zation of means and resource s .  

NOTES 

1 .  Premi er col loque international sur la conservation des 
monuments en brique crue , Yazd I ran,  Cons eil I nternational des 
Monuments et des Sites et I comos-Iran , 25-30 nov . , 1 9 7 2 . 

2 .  I nternational 
tion of Adobe , 
Cultural Heri tage 
Sep . , 1 9 8 3 . 

Symposium and Training Workshop on the Conserva
Lima Cusco ( Peru ) , The Regional Pro j ect on 

and Development UNDP/Une sco and ICCROM, 1 0 -2 2 ,  

3 .  5th I nternational Meeting o f  Experts on the Conservation of 
Earthen Archi tecture , Rome , ICCROM and CRATerre , 22 2 3 ,  Oct . , 
1 9 8 7 . 

4 .  Agreement between ICCROM, CRATerre and EAG , Rome-Grenobl e ,  
j ul . - aug . , 1 9 8 9 . 

5 .  Third I nternational Symposium on Mud-brick ( Adobe ) Preserva
tion, Ankara , ICOM ICOMOS Turkish National Commi ttee s ,  29 Sep . 
4 Oct . , 1 9 8 0 . 

6 .  2eme colloque international sur la cons ervation des monuments 
en brique crue , Yazd-I ran,  Conseil I nternational des Monuments 
et des Sites et I comos-Iran , 6-9 mars , 1 9 7 6 . 

7 .  US/ICOMOS - I CCROM Adobe Preservation Working Session,  Santa 
Fe,  NM, 3 7 Oct . , 1 9 7 7 . 

8 .  James R .  Cli fton , Preservation of H i s toric Adobe Structures 
- A Status Report , Wa shington DC , U . S .  Department of Commerce , 
(NBS Technical Note 9 3 4 ,  1 9 7 7 ) , and , James R .  Cli fton , - Paul 

Wencil Brown , Methods for Characteriz i ng Adobe Bui lding Materia
l s ,  Washi ngton DC , U . S .  Department of Commerce , ( NBS Technical 
Note 9 7 7 ,  1 9 7 8 ) . 

9 .  A .  Tomaszewski , " The Long-Term Plan of ICCROM " , ICCROM NEW
SLETTER 1 5 ,  ( Rome : ICCROM, 1 9 8 9 ) , 3-6 . 

1 0 . CRATerre-EAG ICCROM, Final Report of the First Pilot 
Course on the Pres ervation of the Earthen Archi tectural Heri tage 
- A methodol ogical approach , Grenobl e/Rome , CRATerre EAG/ICCROM , 
Dec . , 1 9 8 9 . 
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Appendix 1 

Suuary of the international recouendations for the preservation of the earthen architectural heritage. 

YAI D/ IRAN - 1972 

Excavation plans 
should include 
simultaneous pres
erva tion interven
tions; 

Backfilling of 
structures ·,ith no 
further scientific 
or touristic inter
est; 

If necessary, 
structural stabili
za tioo through par
tial reconstruction 
of tbe structure; 

Protection of hor
izontal surfaces by 
.eans of roof shel
ters or capping; 

Maintenance of 
existing renders on 
vertical surfaces; 

Application of 
renders, �here 
.issing; 

Surface treat.ents 
·,itb nter-resist
ant uterials: 

Stabilized 
soil-celent, 
Dilu ted epoxy 

resins, 
Etbyl 
silicates, 
Bitulen; 

lequ lar Ia in tenance 
for buildings in 
current use, vith 
special attention 
to: 

loafs, verti
cal surfaces 
and drainage 
systels; 

Use of cOlpatible 
uterials. 

YAlD/IRAN - 1916 

Excavation budgets 
should include 
preservation 
in terven tion s; 

Backfilling 
folloving thorougb 
recording and 
docu.en ta tion ; 

Prolpt, expedi te 
interventions; 

Telporary shelters 
and capping; 

Chelica I trea t.en t 
of vertical 
surfaces; 

Lab research on: 
.echanical 
behaviour of 
the uterial, 
co.position, 
stabilization, 
treatment 
products; 

Defini tion of 
pilot research 
field projects 
on specific 
sites; 

Creation of a 
data bank for 
concentration, 
divulgation 
of research 
results; 

Regular inspection 
and uintenance 

Up-grading of 
in stalla tions 
in building s 
in use:  

electricity, 
vater and 
sevage, 
heating, etc. 

STUB, IIM/USH977 

Research on: 

Building tech
niques and 
cOlpatible 
uterials; 
Seislic re
sponse; Non-de
structive leth
ods to detenine 
vater content, 
distribution, and 
ligration; 
plastic defona
tion, salt 
ligration, and 
crystallition; 
Dup-proof 
coursing; 
Surface and sub
surface drains; 
Tradi tional and 
lodified lortars 
for capping, 
renders and in
fill uterials; 
Chelical surface 
treatlents for 
decorated 
elelents; 
Groutiug tech
niques for 
structural 
s tabiliza tion; 

Developlent of a 
glossary of 
building 
technique s ;  

Institution of a n  
International 
Coui ttee for 
field and lab 
test standards; 

Coordina ted field 
pilot projects; 

Developlent of an 
international 
infonation 
exchange netvork 

ANXARA/TUR - 1980 

Introduction of 
the expression 
'earthen architec
ture' in the pre
servation lexicon 
and attelPts to 
better define the 
universe of this 
field; 

Encourages the use 
of tradi tional 
uterials and 
techniques for 
preserva tion pur
poses, based on 
considerations of 
cOlpatibility and 
continuous nse;  

Stresses the need 
to provide tempo
rary protection to 
earthen structures 
vhile excavations 
proceed; 

Specifies the 
characteri stics 
and properties of 
such protective 
structures; 

Recouends 
research on: 

Modular 
protective 
shelters, to 
be tested in 
field pilot 
projects; 

Developlent of 
Standards for 
test procedures 
in lab and field 
situations; 

Includes a 
specific recol
lendation for 
cases of par
tially burnt earth 
structnres. 

LIMA/PBiU - 1983 

Reiterates the 
urgent need to 
develop an 
earthu 
archi tecture 
preservation 
netvork; 

Recouends a 
systeutic 
inventory of 
earthen sites; and 
further studies on 
building techni
ques; 

IntenSi�J training in 
established 
centers; 

SpecifiC training 
for the preserva
tion of painted 
surfaces on 
earthen ',alis;  

Mentions general 
conSiderations 
concerning 
rehabilitation 
and up-grading 
of earthen 
architecture. 

ROME/IrALY - 1987 

Prolpts partici
pants of the 
leeting to take 
responsibility 
for the 
ilplelentation 
o f  international 
recollendations 

Changes the nale 
of the Interna
tional Icolos 
CouiUee 
( " .  preserva tion 
of earthen arch[
tecture) ; 

Encourages the 
Couittee to ac
tivate roles in 
the coliection 
and diffusion of 
infonation, and 
in  the prepara
tion of 
annotated 
bibliographies, 
possibly through 
the Can sena tion 
Iniona tion 
Network, and 
Decides to 
create of a 
specialized 
training 
prograale on the 
preservation of 
earthen archi
tecture in Gre
noble at the 
sea t of CRATerre 
EAG • USrMG 

Recouends con
tacts vith indus
trial research; 
The acti va tion of 
National COllit
tee s ;  
Reiterates need 
for an inventory; 

Pilot projects, 
A 'State of the 
Art' report. 
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