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On a baptise "Construction Sans Bois" la 
construction ( dans le Sahel) de batiments a 
toitures en vofites et coupoles, construits 
avec des briques de terre crue ordinaires. 
Les briques pour les murs, ainsi que pour 
les toits, sont fabriquees a 1' aide de simples 

SKAT 
CRATerre 

La Construction Sans Bois - 1 
Vue d'ensemble 

moules rectangulaires, lissees a la main et 
sechees au soleil - une methode tres 
repandue dans la region sahelienne. Les 
vofites et les coupoles sont construites sans 
coffrage. Ainsi, la structure toute entiere­
murs, linteaux et toiture- est construite de 
terre localement disponible, la region ay ant 
en effet un riche patrimoine de batiments 
en terre. 

Pourquoi la Construction Sans Bois? 

La gran de majorite des habitations du Sahel 
depend de materiaux vegetaux pour le toit 
et sou vent pour les murs aussi. Les batiments 
a toiture plate emploient typiquement de 
larges poutres et des lattes intermediaires 
pour soutenir les nattes tressees et la terre 
compactee du toit. Les structures avec 
toitures en chaume utilisent egalement des 

perches, des branches et des racines pour 
soutenir la toiture vegetale. Des etudes 
menees dans la region montrent que pour 
presque toutes les structures de ce type la 
disponibilite et la qualite du bois et des 
branches se sont deteriorees de fac;on 
marquee au cours des vingt dernieres 
annees.l Il devient de plus en plus difficile 
de trouver du bon bois et en particulier les 
especes tels le palmier doum et le ronier, 

Etudes en cours et existantes, y compris Uhde, 
M-L., Relations entre Habitat Humain et Ressources 
Nature lies, memoire CEAA, Ecole d' Architecture de 
Grenoble, 1995, 70 pp., illus.; Development Work­
shop, Evaluation des biitiments et des techniques de 
construction dans le Cercle de Youvarou, unn rapport 
DWIIUCN, 1991 , 45 pp., illus.; Hammer, D., Tunley 
P. et Development Workshop, lferouane -Habitat en 
evolution, un rapport DW /IUCN/WWF, 1991, 30 pp., 
ill us. 

Figure 1 Briques faites a l'aide d'un simple moule en bois, 
sechees au soleil 

Figure 2 Structure ronde avec coupole - abri tres economique, 
facile a construire 



Figure 3 Voutes et coupoles combinees pour des equipments confortables et attrayants 

privilegiees pour leur resistance aux ter­
mites, ainsi que pour leur resistance 
structurelle et leur longue durabilite. Le 
Sahel est victime de secheresse depuis des 
annees et cela a contribue a la disparition 
des arbres, mais le facteur le plus important 
de la degradation reste la surconsommation 
par l'homme. Le bois de chauffe pose un 
probleme majeur, mais le bois pour la con­
struction en pose certainement un autre. 

La Construction Sans Bois fut developpee 
pour apporter une reponse viable, abordable 
et accessible a ce probleme a double face­
comment reduire la demande pour les 
res sources naturelles en peril du Sahel, tout 
en permettant a la population de construire 
plus facilement. 

Le temps d'ecouter, d'observer, 
d'adapter 

Les activites regionales Construction Sans 
Bois actuelles ont evolue a partir d'un seul 
stage de formation qui fut mene par Devel­
opment Workshop en 1980 et qui introduisit 
les techniques au Niger.2 Tres tot, on se 
rendit compte que, si les conditions du 
Sahel etaient favorables a l'idee generale 
de construction de voutes et de coupoles, 

2 Apres 10 ans d' experience avec ces techniques 
en Iran et en Egypte, oil ils existent depuis des siecles, 
Development Workshop introduisit les voutes et les 
coupoles sans bois au Niger en 1980 a la demande 
d'une ONG canadienne, !SAID, dans le cadre d'un 
pro jet de developpement rural. Au cours des 10 annees 
suivantes, diverses activites de la part de ce projet et 
d'autres- notamment le projet WWF/UICN pour la 
Conservation et la Gestion des Ressources Naturelles 
del' Air-Tenere au nord du Niger- ont fonde les bases 
du rayonnement regional actuel. 

les techniques, la fa~on de les introduire et 
de les mettre en oeuvre, devaient, elles, etre 
adaptees aux habitudes, a !'experience et 
aux preferences de la population, a us si bien 
qu' aux particularites du climat local et de la 
terre disponible. Dans chaque nouvelle 
localite il a done fallu prendre le temps: le 
temps de montrer les techniques de Con­
struction Sans Bois et permettre a la popu­
lation de constater par elle-meme que les 
batiments sans bois resistent a plusieurs 
saisons des pluies; d'ecouter l'avis de la 
population et de reagir a leurs idees; 
d' observer le comportement des batiments 
dans le climat du Sahel; et seulement alors 
adapter les techniques et les formes pour 
repondre a toutes ces exigences. Citons un 
exemple: les pluies de courte duree mais 
souvent tres violentes qui sont courantes 
dans la saison des pluies du Sahel exigent 
une attention particuliere quant a la forme 
du toit pour garantir 1' evacuation rapide et 
controlee des eaux de pluies. Mais a cause 
des vents violents qui accompagnent 
frequemment ces orages, la pluie s' a bat 
presque horizontalement sur les murs: c' est 
pourquoi ce sont tres sou vent les murs qui 
ont besoin de protection davantage que des 
toits. Compte tenu des conditions 
specifiques souvent tres locales, le choix 
d'un enduit de finition, de la forme du 
batiment, etc. est toujours fortement 
influence par les pratiques locales. 

Etre a l 'ecoute: la mise au point locale 

Les methodes de formation employees, ainsi 
que les pratiques de travail sur les chantiers, 
font continuellement l'objet d'evaluations 
et de remises au point pour faciliter 

l'apprentissage des techniques par les 
ma9ons. (Voir La Construction Sans Bois-
3: Evolution et adaptation aux besoins 
locaux dans la presente serie d' etudes de 
cas publiee par BASIN.) Ce processus 
reflete avant tout une approche qui entend 
s 'adapter ace qui existe deja plutot que de 
tenter d' imposer initialement des modifi­
cations aux pratiques locales. Ainsi, la CSB 
utilise les tailles de briques localement 
disponibles plutot que d'imposer des di­
mensions "speciales" et etrangeres pour les 
briques et les moules. Parallelement, 1' unite 
employee pour determiner les dimensions 
exactes du batiment est dorenavant la brique 
(locale), et non pas le metre/centimetre, ce 
qui simplifie enormement 1' implantation et 
1' appareillage. 

Gagner la confiance de la population 

La confiance en la Construction Sans Bois 
est venue avec le temps, grace a la con­
struction d'une large gamme de batiments, 
dont certains prestigieux. Des batiments et 
des complexes importants, et de grandes 
villas privees au Niger, au Mali, et plus 
recemment en Mauritanie, ont contribue a 
une reputation de haute qualite qui a 
certainement encourage la population a 
vouloir s'approprier ces techniques. Mais 
on s' est surtout con centre sur la demonstra­
tion de petits batiments, faciles a construire, 
a une, deux ou trois pieces, bien adaptes 
aux logements et aux petits equipements 
publics et qui sont faciles a reproduire et 
abordables. Ainsi, il existe toute une gamme 
de batiments allant d'une piece ronde avec 
coupole et murs de 20 cm d'epaisseur, tres 
economique, jusqu' aux nombreuses varia-



tions possibles en juxtaposant pieces rondes 
et rectangulaires, voutes et coupoles, pour 
repondre aux gouts personnels ou a des 
fonctions precises. 

L'approche a la formation 

Courant le debut des annees 80, les mac;ons 
apprenaient les techniques de CSB "sur le 
tas". Le premier stage proprement dit en 
effet n'eut lieu qu'en 1987 a Iferouane.3 
U ne etude me nee au Mali et au Niger en 
19904 montrait que parmi les quelques 300 
batiments sans bois construits, a peu pres 
50% avaient ete finances par des clients 
prives, dont la moitie des villageois locaux. 
L'etude montra egalement que l'insuffi­
sance de mac;ons formes freinait les activites 
de construction et la diffusion spontanee 
des techniques. 11 etait d' evidence que si la 
Construction Sans Bois devait avoir un 
impact important sur les pratiques locales 
de construction, il fallait foumir reguliere­
ment et de fac;on soutenue des occasions de 
formation, et en complement identifier les 
endroits ou 1' interet et la de man de sont le 
plus grands. 

Les actions CSB actuelles 

En 1993, en partenariat avec l'UICN (Un­
ion Mondiale pour la Nature), Develop­
ment Workshop obtint un financement du 
gouvemement danois (Danida) pour un 
programme Construction Sans Bois de 5 
ans assurant une effort de formation et de 
sensibilisation soutenue au Niger et a 1' est 
du Mali. Au Niger, le Corps de la paix de 
Etats-Unis apporte egalement une contri­
bution importante a la CSB, entre autres a 
travers ses volontaires, ainsi que le fait le 
Secours Mondial Lutherien. Au Burkina 
Faso et au Mali, Development Workshop 
peut promouvoir les techniques CSB grace 
au programmeenvironnemental "Un espoir 
dans le desert" de la Croix Rouge Danoise. 
En Mauritanie, Development Workshop a 
recemment construit panni les premiers 
batiments CSB pour le compte d'un Pare 
National parraine par UICN. Ces divers 
partenariats et collaborations perrnettent a 
Development Workshop d' organiser, entre 
autre, plusieurs principaux cycles de for­
mation CSB par an dans differentes parties 
du Sahel. 

La formation de base de mac;ons non-inities 
dure a peu pres deux mois, dont (1) une 
periode d' explication theorique et de 
pratique sur des structures de formation, 
sui vi de (2) la realisation de constructions 

3 Finance par WWFIUICN - voir note 2. 
4 Development Workshop, Vulgarisation de la con­
struction de voutes et coupoles au Sahel, un rapport 
DW/UICN, 1990, 59pp., illus. 

Figure 4 Construction "spontanee"- maison voutee construite par un mar;onforme 
sans aide exterieure 

completes. (Voir La Construction Sans Bois 
- 2: La formation de formateurs et de 
mar;ons dans la presente serie d'etudes de 
cas publiee par BASIN.) 

Les clients-partenaires locaux 

Au cours de la seconde partie de ces cycles 
de formation (la realisation de construc­
tions completes), on travaille en partenariat 
avec des clients locaux. Ceux -ci foumissent 
la main d' oeuvre non-qualifiee, les 
materiaux de construction, les outils 
courants de chantier et tous les elements de 
finition du batiment: partes, fenetres, 
peinture, enduits interieurs. Le cycle CSB 
foumit le travail des mac;ons-stagiaires CSB 
et leurs chefs de chantier experimentes. Ce 
partenariat represente un engagement local 
de taille, c'est a dire environ 75% des cofits 
reels du batiment. 11 definit aussi clairement 

a qui appartient le batiment et qui est 
responsable de son entretien. Enfin, il 
constitue un facteur important pour lancer 
une veritable offre locale de la CSB. 

Impact et accessibilite 

Dans beaucoup de villages, la CSB 
represente maintenant la methode de con­
struction de toiture predorninante pour la 
construction de nouveaux batiments. La 
demande est forte: apres les cycles de for­
mation, presque tousles mac;ons de la region 
obtiennent des contrats prives pour la con­
struction de batiments CSB. 

Une maison a 2 ou 3 pieces cofite environ 
9.000 FCfa/m2 (environ $151m2), sans 
compter les finitions. (Voir cadre). Ce eo ut 
moyen est comparable aux couts de con­
struction des batiments traditionnels avec 

Figure 5 Une attention particuliere quanta la forme du to it pour garantir l 'evacuation 
rapide et contr8lee des eaux de pluies 



COUTS 
(Batiments commandites par clients-partenaires en mars-avril 1994, 

c'est a dire apres la devaluation du Fcfa) 
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Maison simple a 2 pieces, 
30m2 surface habitable, 
7,200 Fcfa ($ 12) I m2, 
(coat du gros-oeuvre) 
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toitures en bois de memes dimensions. 
Cependant, une famille qui fabrique ses 
propres briques et fournit elle-meme la 
main d'oeuvre, obtiendra une maison pour 
un cout infiniment moindre. Les clients 
apprecient la CSB parce qu'elle leur evite 
les difficultes lies a l'appro-visionnement 
en bois et le remplacement des poutres et 
des lattes pourries - parfois apres moins 
d'un an, et parce que les batiments 
reviennent beaucoup moins chers que ceux 
qui sont construits en materiaux non-locaux. 
De plus, pour chaque batiment de 30m2 
!'utilisation de ces techniques represente 
une economie d' environ 15 poutres de bois 
et quelque 8 charrettes de branches pour les 
lattes. 

Faire passer le message 

Diverses activites sont realisees pour in­
former le public des atouts de la CSB. 

Mais ce sont les ma9ons locaux qui jouent 
le role le plus important dans la diffusion 
des techniques. Ainsi on leur fournit un 
soutien technique continue une fois leur 
formation terrninee. On soutient egalement 
les initiatives des ma9ons locaux pourcreer 
des groupes organises dans le but de 
promouvoir les techniques. Prochainement, 
1' accent sera egalement mis sur la forma­
tion d' architectes et de techniciens locaux, 
ainsi que sur une gamme plus large d' outils 
de communication destines aux divers 
publics CSB, dont les ma9ons. 
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Maison plus complexe, 
90m2 surface habitable, 
15,200 Fcfa ($ 25) I m2, 
(coat du gros-oeuvre) 

Pour plus d'information sur la Construc­
tion Sans Bois, contacter: 

John Norton, 
DEVELOPMENT WORKSHOP, 
B.P. 13, F- 82110 Lauzerte, France 
tel: (+ 33) 63 95 82 34 
fax: (+ 33) 63 95 82 42, 
E-mail: dw @ globenet.gn.apc.org 

Publie par 

~ 
German Appropriate Technology Exchange 

Dag-HammarskjOld-Weg 1 
Postfach 51 80 

D - 65726 Eschborn 
Federal Republic of Germany 
Phone + 49- 6196- 79-3190 
Fax + 49- 6196- 79-7352 

(1995) 

Des materiaux et des techniques de 
construction, appropries au contexte des pays 
en developpement ont ete etudies , 
developpes et mis en application dans de 
nombreuses regions du monde. 11 existe, en 
effet, une necessite pour proposer des 
solutions permettant de garantir des conditions 
d'habitat decentes et a un coat abordable 
pour une population toujours croissante. 

Mais ces nouveaux developpements ne 
peuvent contribuer a ameliorer la situation 
tant que !'information n'atteint pas les 
constructeurs potentiels. La nature et la 
variete des sources d'information rendent 
son acces difficile. 

Pour remedier a cet inconvenient, GATE, 
ITDG, SKAT et CRATerre cooperent au sein 
du Reseau d'lnformation et de Conseil de la 
Construction, BASIN (Building Advisory 
Service and Information Network) qui couvre 
quatre secteurs techniques majeurs et qui 
coordonne la collecte, I' analyse et la diffusion 
de !'information. 

Ces quatre groupes disposent d'une base 
de donnees commune concernant la litterature 
technique disponible, les technologies, les 
equipements, les institutions et les consultants 
ainsi que les pro jets et programmes en cours. 
De plus, a la demande, des documents ou 
des avis techniques peuvent etre fournis. 
Des programmes de recherche, de formation 
ou operationnels peuvent etre mis en place 
en cooperation avec des organisations locales 
si le besoin s'en fait sentir et que les 
circonstances le permettent. 

.BASIN est un service offert a toutes les 
institutions et les particuliers impliques dans 
la construction, !'habitat et la planification, 
dans les pays en developpement mais il ne 
peutfonctionner que dans le cadre d'echanges 
suivis et reciproques. C'est pourquoi tousles 
documents, les informations ou comptes­
rendus qui sont communiques a BASIN sont 
bienvenus car ils permettent a BASIN 
d'ameliorer sa capacite a informer ceux qui le 
sollicitent. 

WAS/BASIN 
GATE- GTZ 
P.O.Box 5180 

Wall I D - 65 726 Eschborn 
Building Allemagne 

Tel. + 49 6196 793190 
Fax + 49 6196 797352 

ITDG 
Myson House 

Cements and Railway Terrace 

(X) Rugby CV21 3HT 
Royaume-Uni Binders 
Tel. + 44 1788 560631 
Fax + 44 1788 540270 

SKAT 8 Vadianstrasse 42 
CH - 9000 St. Gallen 
Suisse 

Tel. + 41 71 237475 
Fax + 41 71 237545 

CRATerre- EAG 
Maison Levrat, Rue du Lac 
BP 53 

Earth I F - 38092 Villefontaine Cedex 
Building France 

Tel. + 33 74 95 43 91 
Fax+ 33 74956421 I~ 

::2: 
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CONSTRUCTION 
SANS BOIS 

WOOD LESS 
CONS TRU CTI 0 N 

On a baptise "Construction Sans Bois" la 
construction au Sahel de batiments dont 
to us les elements de la structure, y compris 
les toitures en voGtes et coupoles, sont 
construits avec des briques de terre crue 
ordinaires. 

La Construction Sans Bois - 2 
La formation de formateurs et de ma~ons: 
etude de cas a Filingue, Niger 

Les techniques CSB furent developpees 
pour apporter une reponse viable, abordable 
et accessible a un probleme a double face­
comment rectuire la demande pour les 
res sources naturelles en peril dans le Sahel, 
tout en permettant a la population de 
construire plus facilement? (Voir La Con­
struction Sans Bois - 1: Vue d' ensemble 
dans la presente serie d' etudes de cas publiee 
par BASIN.) 

Les briques pour les murs, ainsi que pour 
les to its, sontfabriquees a ]'aide de simples 
moules rectangulaires, lissees a la main et 
sechees au soleil - une methode tres 
repandue dans la region sahelienne. Pour la 
construction, les briques sechees sont posees 

dans un mortier de terre. Les voGtes et les 
coupoles sont construites sans coffrage. 
Ainsi la structure toute entiere - murs, 
linteaux et toiture- est construite de terre 
localement disponible. 

Dans l' imrnediat, le but est de developper a 
l'interieur du Sahel une capacite locale, 
niveau village ou ville secondaire, pour 
l' utilisation de ces techniques, sans 
dependre de financement ou d' appui tech­
nique exterieurs. Pour atteindre ce but on 
organise et realise des formations a divers 
niveaux: 

pour des ma9ons non-inities aux tech­
niques CSB, leur permettre de construire 
des structures simples et stables sans aide 

Figure 1 Marons stagiaires s 'exerrant au demarrage des voutes sur des structures de formation (phase 2) 



exterieur apres une periode de formation 
relativement courte~ 

pour des ma9ons avec une bonne 
experience des techniques CSB, leur 
permettre d' assumer progressivement la 
formation; 

pour des ma9ons, et parfois des tech­
niciens, qui ont une certaine experience des 
techniques CSB, leur permettre d' acquerir 
une competence plus grande en matiere de 
conception ~t de construction. 

Les strategies de formation 

Deux strategies cle: 

La mobilite 
Les equipes de formation se deplacent la ou 
les techniques peuvent etre utiles et ou il 
existe un besoin de formation. Cette mobilite 
necessite une adaptation constante des tech­
niques et des processus aux conditions et 
aux realites locales. 

La formation assuree par des formateurs 
locaux 
Les ma9ons-formateurs locaux representent 
de plus en plus le reseau a travers lequelles 
techniques peuvent s, etendre, non seule­
ment en assurant les seances de formation 
proprement dites, mais aussi grace aux 
conseils et a la sensibilisation locale qu'ils 
fournissent. 

Figure 2 Formateurs principaux preparant chaque module de formation la veille; ici, 
construction d'un modele a l'echelle qui servira d'outil deformation (phase 2) 

Les cycles de formation 

Chaque annee sont organises plusieurs cy­
cles de formation de 3 mois, souvent 
simultanement, dans des localites differ­
entes. Il convient de souligner que le 
processus de formation est evalue et revise 
apres chaque cycle et modifie en fonction 

Ce cycle eut lieu dans le contexte du Programme 

de formation et sensibilisation a la CSB du partenariat 
Development W orkshop/UICN (Union mondiale pour 
la nature) finance par Danida 1993- 1998. 

du contexte de chaque cycle de formation 
nouveau. Neanmoins, l'exemple du cycle 
de formation de Filingue (Niger, 1993)1 
peut etre consideree comme relativement 
typique. Dans ce cas, on distingue trois 
phases de formation. 

Phase 1: La formation avancee de mafons­
formateurs experimentes en CSB 

Periode initiale de 3 semaines: formation 
technique de perfectionnement et initiation 
aux moyens pedagogiques -

Figure 3 Les futurs formateurs s 'entrainent a l 'utilisation du tableau noir (phase 1) 



pourfournir defuturs formateurs (panni 
les ma9ons qui font preuve d'une capacite 
naturelle a cet egard), revision de tous les 
elements du programme de formation 
initiale et enseignement des techniques 
pedagogiques; 

pour ameliorer les competences des 
ma9ons experimentes. 

Participation et evaluation 
Douze ma9ons experimentes ont participe 
a cette premiere phase: 

4 ont ete juges aptes a communiquer 
non seulement les pratiques, mais aussi les 
principes de la CSB: ils ont ete designes 
formateurs principaux pour la Phase 2; 

les 8 autres, en tant qu' assistants 
formateurs, ont ete nommes responsables 
chacun d 'un groupe de quatre ma9ons (selon 
leur langue maternelle et/ou leur ville 
d'origine) pour la Phase 2. 

Phase 2: Formation de base de mafons 
non-inities a la CSB 

Periode de trois semaines, suivant 
immediatementlaphase 1,quifutconsacree 
a la formation de ma9ons non-inities aux 
techniques CSB, dont le but etait-

d'expliquer les principes de la CSB et 
de permettre la construction de struc­

tures de formation en tant qu'exercices 
pratiques sans les contraintes d' un chantier 
reel. 

La formation par des formateurs locaux 
Durant cette phase: 

les formateurs principaux (formes au 
cours de la phase 1) ont ete responsables de 
la preparation et de l'enseignement de 
chaque seance de formation, (sous supervi­
sion); 

les assistants formateurs ( egalement 
formes au cours de la phase 1) avaient la 
responsabilite de superviser le travail 
pratique des 4 ma9ons assignes a chacun 
d'eux. 

Participants 
32 ma90ns stagiaires ont participe a cette 
phase, dont la majorite (22) provenant de 
Filingue et de ses environs immectiats, 
1' objectif etant de creer une capacite locale 
importante de construction a la disposition 
de la population. Les langues employees 
etaient le haussa et le zarma, et certains des 
formateurs et des participants parlaient 
egalement le fran9ais et l'arabe. 

Une programmation detaille 
Chaque seance de formation fut basee sur 
une programmation detaille qui avait ete 
faite sous forme de Guide duformateur. Le 
Guide fut utilise pour la premiere fois, et 
ainsi "teste" pendant la phase 1 -

pour s'assurer que les ma9ons­
formateurs stagiaires de la Phase 1 
saisissaient clairement les principes sur 
lesquels sont bases les techniques qu'ils 
connaissaient deja, et 

pour leur proposer des methodes 
pedagogiques: maquettes, dessins, etc. 

Apres quelques revisions, une version du 
Guide en langue locale (haussa) fut 
rapidement preparee et utilisee par les 
formateurs au cours de la phase 2 -

comme structure permettant de couvrir 
tousles aspects importants et d'y allouer le 
temps necessaire; 

comme outil facilitant la preparation de 
chaque seance par les formateurs, et 

comme aide-memoire au cours meme 
de chaque seance de formation. 

Il convient de souligner que le Guide n'est 
pas considere comme une "publication" 
definitive. S' appuyant surune base de notes 
pectagogiques et de modules, le contenu 
specifique de chaque seance est prepare a la 
lumiere d ' une evaluation des cycles 
precedents et des besoins specifiques de la 
localite. En ce qui concerne Filingue, le 
Guide comprenait 36 modules de forma­
tion couvrant chaque etape de la construc­
tion d'un batiment, depuis !'implantation 
jusqu'a la toiture. 

Organisation des seances de formation 
Chaque module est etudie par les forrnateurs 
plusieurs jours a 1, avance pour leur donner 
le temps de preparer 1' enseignement de 
chaque sujet, comprenant chaque fois et 
theorie et demonstration. Ils prelevent 
egalement de la terre de la region pour 
preparer des echantillons et expliquer les 
differentes caracteristiques des briques. 

Phase 3: Formation pratique sur des 
realisations completes pour des clients 
locaux 

Periode de 5 semaines suivant 
irnmediatement la phase 2, au cours de 
laquelle les ma9ons stagiaires entreprirent 
la construction de batiments de petite ou 
moyenne taille pour des clients locaux. 

Organisation du travail sur le chantier 
En moyenne, les batiments avaient chacun 
deux ou trois pieces. Chaque piece a ete 
confiee a une paire de ma9ons. Chaque 
paire avait ainsi 1' occasion de travailler sur 
chaque etape de la construction, depuis 
!'implantation et les fondations, jusqu, a la 
construction du toit en s'assurant d'une 
bonne evacuation d'eau. Un petit batiment 
a deux pieces, par exemple, fut construit 
par deux paires de ma9ons, supervisees 
directement par un assistant formateur et 
avec I' aide de la main d'oeuvre fournie par 
le client. 

Les clients-partenaires 
Tous les batiments construits au cours de 
cette phase du cycle de formation ont ete 
commandites par des clients locaux, dans 
le cadre du systeme "clients-partenaires". 
Chaque client re9oit le plan du batiment 
qu 'il souhaite et la main d' oeuvre specialisee 
en CSB, c'estadireles ma9ons stagiaires et 
les formateurs-chefs de chantier. En 
revanche, le client s'engage a payer (ou 
fournir) tous les frais de construction -
briques, eau, terre pour le mortier et 
eventuellement les enduits; les finitions -
portes, fenetres, peinture, amenagements 
interieurs; la main d' oeuvre non-specialisee 
pour aider les ma9ons sur le chantier; et les 
outils habituels de chantier- echafaudages, 
echelles, brouettes, etc. 

Figure 4 Chaque batiment commandite par un client partenaire fournit aux mafons 
stagiaires la possibilite de realiser un batiment complet (phase 3) 
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Les avantages du rapport client-partenaire 
sont nombreux et divers: 

Non seulement les mac;ons stagiaires 
acquierent des competences pratiques sur 
le chantier, mais aussi ils sont amenes a 
repondre aux exigences du client. 

La presence de "vrais" clients reduit au 
minimum les divergences avec les couts 
normaux de construction qui existeraient 
certainement si le stage prenait 
completement a sa charge les batiments 
construits au cours de la formation. 

Cet engagement important pour le cli­
ent (75% de couts reels du batiment) 
contribue a assurer qu ' il prendra la 
responsabilite d' en prendre soin et de 
l'entretenir a l'avenir. 

Devoir repondre aux besoins des cli­
ents signifie que le Programme doit faire 
preuve d'une grande diversite parmi les 
exemples qui sont batis. A leur tour, les 
futurs clients ont une gamme plus large de 
batiments parmi lesquels choisir. 

Performances des stagiaires 
Les 32 mac;ons etaient capables, au mini­
mum, de construire des structures a une ou 
deux pieces couvertes par des voutes et/ou 
des coupoles sans aide et ont rec;u un 
certificatd' attestation. Parcontre, beaucoup 
d' entre eux, etaient tout a fait capables 
d' entreprendre la realisation de combi­
naisons de pieces plus sophistiquees et de 
commencer a adapter et manipuler les tech­
niques pour repondre a des demandes et des 
ressources differentes. (Voir cadre). 

~ 
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Apres la formation 

Des exemples de tousles types de batiments 
construits au cours de la phase 3 du cycle de 
formation ont depuis ete construits dans la 
region de Filingue par les mac;ons formes 
au cours du cycle pour le compte de clients 
locaux en conformite avec les conditions 
du marche local. Trois mois apres la fin du 
cycle, il existait deja dix batiments CSB de 
plus a Filingue y compris des batiments 
conc;us par des mac;ons locaux et une 
nouvelle mosquee. 

Pour plus d'information sur la Construc­
tion Sans Bois, contacter: 

John Norton, 
DEVELOPMENT WORKSHOP, 
B.P. 13, F- 82110 Lauzerte, France 
tel: ( + 33) 63 95 82 34 
fax: ( + 33) 63 95 82 42, 
E-mail.· dw @ globenet.gn.apc.org 
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Fax + 49- 6196- 79-7352 

(1995) 

Des materiaux et des techniques de 
construction, appropries au contexte des pays 
en developpement ant ete etudies , 
developpes et mis en application dans de 
nombreuses regions du monde. 11 existe, en 
effet, une necessite pour proposer des 
solutions permettant de garantir des conditions 
d'habitat decentes et a un coOt abordable 
pour une population toujours croissante. 

Mais ces nouveaux developpements ne 
peuvent contribuer a ameliorer la situation 
tant que !'information n'atteint pas les 
constructeurs potentiels. La nature et la 
variete des sources d'information rendent 
son acces difficile. 

Pour remedier a cet inconvenient, GATE, 
ITDG, SKAT et CRATerre cooperent au sein 
du Reseau d'lnformation et de Conseil de la 
Construction , BASIN (Building Advisory 
Service and Information Network) qui couvre 
quatre secteurs techniques majeurs et qui 
coordonne la collecte, !'analyse et la diffusion 
de !'information. 

Ces quatre groupes disposent d'une base 
de donnees commune concernant la litterature 
technique disponible, les technologies, les 
equipements, les institutions et les consultants 
ainsi que les projets et programmes en cours. 
De plus, a la demande, des documents ou 
des avis techniques peuvent etre fournis. 
Des programmes de recherche, de formation 
ou operationnels peuvent etre mis en place 
en cooperation avec des organisations locales 
si le besoin s'en fait sentir et que les 
circonstances le permettent. 

BASIN est un service offert a toutes les 
institutions et les particuliers impliques dans 
la construction, !'habitat et la planification, 
dans les pays en developpement mais il ne 
peutfonctionner que dans le cadre d'echanges 
suivis et reciproques. C'est pourquoi taus les 
documents, les informations ou comptes­
rendus qui sont communiques a BASIN sont 
bienvenus car ils permettent a BASIN 
d'ameliorer sa capacite a informer ceux qui le 
sollicitent. 
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GATE- GTZ 
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CONSTRUCTION 
SANS BOIS 

WOOD LESS 
CONSTRUCTION 

"W oodless Construction" is the name that 
has been given in the Sahel to the construc­
tion of buildings, in which all the structural 
elements, including the vault and dome 
roofs, are made of ordinary mud bricks. 

W oodless Construction was developed to 
provide a viable, affordable and accessible 
alternative to a dual problem: how to alle­
viate pressure on the threatened natural 
resources of the Sahel and at the same time 
to make building by the population easier 
(see Woodless Construction -1: An over­
view in this series of BASIN case studies). 

The bricks for both walls and roofs are 
formed in rectangular moulds, smoothed 
by hand and left to dry in the sun for a few 
days- a method very widely known in the 
region. During construction, the dried bricks 
are laid in mud mortar. The vault and dome 
roofs are built using techniques which origi­
nated in Iran and Egypt. The most impor­
tant characteristic of these roofs is that they 
are built without any supporting shuttering. 
Thus the entire structure - walls, lintels, 
and roofs - is built with locally available 
earth. 

Figure 1 Ordinary mud bricks of local 
dimensions are used as the 
unit of measurement in laying 
out. Increasingly only header 
courses are used. 

Wood less Construction - 3 
Change and adaptation to local needs: 
A case study in Mopti, Mali 

In order for the key process of training and 
dissemination to be effective, the way 
Wood less Construction techniques are both 
taught and used in the Sahel has, since the 
time of their introduction, I been the object 
of an ongoing process of evolution and 
adaptation to local conditions and training 
needs. (For more detail on the organisation 
and content of training cycles, see Woodless 
Construction- 2: The training of trainers 
and builders: a case study in Filingue, 
Niger in this series of BASIN case studies). 
This process of adaptation has naturally 
drawn upon Development Workshop's ear­
lier experience of building with vaults and 
domes in Egypt, Iran and Tunisia - all 
countries which have differing techniques 
adapted to their own local context. For 
example, the well-known traditional domes 
and vaults of Egypt are in an extremely arid 
region; for them to be viable in the Sahel, 
which despite low annual rainfall is liable 
to violent rainstorms, much adaptation has 
been needed, primarily to ensure rainwater 

run-off. Adaptation has also, however, re­
flected observation of local building tech­
niques in the Sahel and discussion with the 
builders of each locality. The evolution of 
building techniques and forms is thus in­
spired by local practice, by a vast range of 
building techniques and styles, and thus by 
local solutions to problems and needs. Find­
ing a solution to today's needs is thus a 
question of mixing existing local ideas with 
new techniques, the latter being needed 
where old practice is no longer viable. 

In practical terms, adaptation of the tradi­
tional vault and dome techniques has fo­
cused on two main aspects: 

making the techniques easier to learn 
and use- often for illiterate and sometimes 
non-numerate builders- and thus safer; 

making the techniques respond to local 
needs and expectations - which includes 
keeping costs low and providing the shapes 
and appearance that the public want. 

A training cycle run by Development Work­
shop in 1993 in Mopti (Mali), where there 
is a rich and diverse tradition of earth build­
ing, highlights a number of examples of 
such adaptations.2 These adaptations re­
flect both local conditions and building 
habits in the Mopti region and the high 
level of skill amongst local builders. They 
are therefore described below essentially 
to illustrate the nature of the process of 
adaptation and not as universally applica­
ble recommendations. 

Development Workshop introduced woodless 
vaults and domes to Niger in 1980 at the request of a 
small Canadian NGO, ISAID, in the context of a ru­
ral development programme. 
2 This cycle took place in the context of the 
Woodless Construction training and awareness-rais­
ing programme, executed by Development Worksl'qJ 
on behalf of a DW / UICN (World Conservation Un­
ion) partnership, and funded byDanida, 1993-1998. 



Figure 2 "Alcove" building under construction. Note the use of strings as a guide, the practice of starting the vault from both ends 
simultaneously, the use of off-centred vaults and open arches to create a spacious interior. 

Making Woodless Construction 
easier to learn and use 

A primary objective of any Woodless Con­
struction training cycle is to teach local 
masons how to build earth walls, as well as 
earth vaults and domes safely. The experi­
ence of training and building in the region 
ofMopti, however, also confirmed the need 
to make "good" building practice compat­
ible with pragmatic building methods -
methods the builders will really continue to 
use after training. Buildings with vaults 
and domes are subjected to greater outward 
forces than those with flat roofs. It is there­
fore often the case in the Sahel that local 
wall building techniques which are ad­
equate for flat roofs would be dangerous 
for vault and dome roofs. 

Brick sizes and laying methods 
Over the years emphasis has been placed 
on the quality of wall building. During the 
1980's this meant focusing particularly on 
brick dimensions, bonding patterns and 
laying techniques, working to precise plans. 
It became apparent, however, that such 
relatively complex and precise practice was 
acting as a break on the assimilation of the 
techniques. To take one example, courses 
with headers and stretchers were used, but 
these required scaffolding inside and out­
side the building. Local scaffolding is al­
ways makeshift and in short supply. It 

therefore made sense to build using header 
courses only. The wall-building taught in 
Woodless Construction activities, there­
fore, changed to headers only, but initially 
still using a special brick dimension ensur­
ing good bonding. This practice gave ex­
cellent results and remains popular today. 
Introducing unfamiliar sized bricks, how­
ever, in turn acted as a break on acceptabil­
ity. Starting to use local bricks whatever 
their dimensions (provided using the same 
size brick in any one building) was a logical 
step, whilst taking great care to ensure 
good bonding. It was important to elimi­
nate the cutting of bricks to fit measured 
wall lengths (a trimmed block facilitates 
corner strength) and this was achieved by 
stating only approximate wall dimensions 
on plans and allowing builders to work to 
the nearest brick when laying out. 

These progressive adaptations- "headers 
only" courses, using local size bricks and 
using the local size brick as a unit of meas­
urement- took place over some 13 years. 

Training structures 
Historically, the vault and dome techniques 
used in Iran or in Egypt were passed from 
one generation to the next through appren­
ticeship. In the Sahel this slow process 
needed to be speeded up, to allow new 
woodless construction builders to learn 
these skills in a matter of a few weeks rather 

than years. In the Mopti training cycle, the 
use of special training structures on which 
trainees could practice building arches, 
vaults and domes, without the constraints 
of a building site was introduced. These 
included walls to start off vaults, bases for 
domes, small structures to practice open­
ings and even small complete rooms. 

String guides for vault building 
In addition, string guides had been used 
since early on in the introduction of vault 
building to the Sahel (1980) to help build­
ers follow a straight line as they built out 
the courses of bricks from the end support­
ing wall. But drawing up the correct shape 
of the vault on the end wall, however, 
remained a problem. 

Drawing the vault shape 
Gradually a method has developed using 
wires or string and small pegs which to­
gether with a table of dimensions allows 
masons to trace correctly any vault in the 
range of spans he needs. The same piece of 
string is used again to control the correct 
angle of bricks as they are laid, by stretch­
ing the string across the face of the vault. 
These simple methods quickly become habit 
to the trained masons. Almost perfect vaults 
can be mastered in a matter of days. 

Three profiles of vault had been regularly 
taught, i.e. height to span ratios of 56%, 



66% and 75%, but over time such diversity 
was judged unnecessary. A vault with a 
height to span ratio of 66% was adopted as 
a "standard". But in Mopti, it soon became 
apparent that to offer a locally acceptable 
building solution it would be necessary to 
provide flat roofs using secondary vaults 
and infill. The 66% rise to span was there­
fore replaced by a new 60% form, easier to 
"convert" into a flat roof. 

Off-centred vaults 
For improved economy, strength and use of 
space, where two or more vaulted rooms 
were being built side by side, "off-centred" 
vaults were also introduced. This means 
that the external side of the vault can be 
started very low down, with a minimum of 
outward thrust, whilst the internal side of 
the vault can be finished much higher up. 
The resulting rooms have more vertical 
walls against which furniture can be placed, 
and opening between adjacent rooms is 
made easier. Off-centred vaults can only be 
built where two roof structures provide an 
opposing thrust. 

Responding to local needs and ex­
pectations 

Adapting the form or appearance of 
W oodless Construction buildings makes 
assimilation by the population easier. 
"Standard" forms and designs are deliber­
ately avoided. Instead, builders are encour­
aged to see that, taken as a whole, even 
simple Woodless Construction techniques 
can quickly be used as a 'kit' which can be 
adapted to suit many needs. 

Flat roofs on vaults and domes 
Popular reaction toW oodless Construction 
in the Niger interior river delta region of 
Mali in 1991-92 had shown that W oodless 
Construction rapidly aroused strong local 
interest in the face of increasing difficulty 
in finding organic materials or the money 
to pay for non-local alternatives. People 
nevertheless wanted flat roofs, where they 
could sit and sleep during the hot season: 
flat roof terraces with vaults and domes, 
using secondary vaults in the "voids" be­
tween the main roof vault and then infilling 
with earth, were therefore introduced. Skil­
ful use of off-centred domes and vaults 
reduces enormously the need for second­
ary vaults and infill in the roof, an other­
wise expensive item. 

Reduced wall thickness 
Woodless construction is mainly about 
changing the way that people build roofs, 
but the paradox is that walls invariably 
pose the biggest problem. One major con-

cern amongst clients and builders is how 
much material goes into the walls. In Mali, 
the programme worked to develop struc­
tures which reduce wall thickness and vol­
ume, and thus lower costs and building 
time. 

Increasing convenient interior space 
Following from this, "alcove" buildings 
were also demonstrated in Mopti. These 
exploit the fact that although vaults and 
domes require either thick walls (or a coun­
ter-force from an adjacent roof to contain 
their outward forces), these thick walls 
need not be solid. They can therefore con­
tain alcoves which can be both attractive 
and functional (e.g. to hold a bed, cupboard 
or toilet) and moreover represent a consid­
erable saving in bricks. Thick walls con­
taining alcoves can be economically built 

so that they can resist the thrust of much 
flatter vaults or domes. The advantages 
here include using less bricks, faster build­
ing and a shallow roof, built using just the 
upper half of the vault profile: the resulting 
shallow curved vaults lend themselves more 
easily to infilling for flat roofs. 

"Gothic" domes 
Creating flat roofs is one issue; making 
sure that roof forces pass as vertically as 
possible to the ground is also important­
doing so can reduce wall thickness and the 
number of bricks in the wall. Rather than 
building hemispherical domes in the tradi­
tional Nubian style, "Gothic" (i.e. eccen­
tric) domes have been used. The metal 
rotating arm which is used for positioning 
each brick in the dome is set up so that the 
base of the guiding arm is displaced from 

Figure 3 An adjustable radial arm is given to each mason at the end of his basic training, 
enabling him to build eccentric domes. 



Figure 4 Woodless Construction clients often attach great importance to the final 
appearance of their building. This round, domed building is finished in the 
manner locally typical of rectangular, flat-roofed buildings. 

the centre of the room (usually by one third 
of the dome's radius). This gives a steeper 
curve to the profile of the dome, reduces 
outward thrust, and enables the dome to be 
started lower down whilst still achieving 
the same room height. Not only is the result 
stronger and requires less wall structure, 
but the annoying echo of hemispherical 
domes is also reduced. (An adjustable metal 
guide is given to each mason to keep when 
he completes his training). 

Retro-fitting vault and domes 
In the Mopti region, existing earth build­
ings with thick mud masonry walls also 
abound. The idea of "retro-fitting" existing 
(former wood structure roof) buildings 
with new woodless roofs was successfully 
tried, always provided of course that the 
walls were strong enough and the roof 
concept suitable. In the Mopti region, sev­
eral buildings were retro-fitted with vaults 
and/or domes: an office, private houses, 
and one mosque, the latter proving to be a 
great source of pride to the local villagers 
who enthusiastically contributed their la­
bour. 

Future directions 

Technical changes are making Woodless 
Construction building easier and more at­
tractive to clients. But just as important is 
the impact that these changes are having on 
how local masons and clients are taking 
decisions into their own hands: laying out 
bricks to measure the size of a new building 
on the ground, and then "re-arranging" 
rooms to suit the client's wishes; or trying 
out different vault positions by drawing 
full size on the wall. All increasing oppor­
tunities for masons to find viable solutions 
to local clients' needs unaided. 

For more information on Woodless 
Construction, contact: 

John Norton, 
DEVELOPMENT WORKSHOP, 
B.P. 13, F- 82110 Lauzerte, France 
tel: ( + 33) 63 95 82 34 
fax: (+ 33) 63 95 82 42, 
E-mail: dw @ globenet.gn.apc.org 
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Building materials and construction tech­
nologies that are appropriate for develop­
ing countries, particularly in the low-in­
come sector, are being developed, applied 
and documented in many parts of the world. 
This is an important prerequisite for provid­
ing safe, decent and affordable buildings 
for an ever-growing population. 

But such new developments can do little 
to improve the building situation, as long as 
the information does not reach potential 
builders. The types and sources of infor­
mation on standard and innovative build­
ing technologies are numerous and very 
diverse, making access to them difficult. 

Thus, in order to remedy this drawback, 
GATE, ITDG, SKAT and CRATerre are co­
operating in the Building Advisory Service 
and Information Network, which covers 
four principal subject areas and co-ordi­
nates the documentation, evaluation and 
dissemination of information. 

All four groups have a co-ordinated da­
tabase from which information is available 
on Documents, Technologies, Equipment, 
Institutions, Consultants as well as on 
Projects and Programmes. In addition, 
printed material or individual advice on 
certain special subjects is provided on re­
quest. Research projects, training pro­
grammes and other field work can be im­
plemented in co-operation with local or­
ganizations, if a distinct need can be iden­
tified and the circumstances permit. 

BASIN is a service available to all insti­
tutions and individuals concerned with 
housing, building and planning in de­
veloping countries, but can only function 
efficiently if there is a regular feedback. 
Therefore, any publications, information, 
personal experiences, etc. that can be 
made available to BASIN are always wel­
come and will help BASIN to help others. 
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CONSTRUCTION 
SANS BOIS 

WOOD LESS 
CONSTRUCTION 

"Woodless Construction" is the name that 
has been given in the Sahel countries of 
West Africa to the construction of vault or 
dome roofed buildings using ordinary mud 
bricks. The bricks for the walls and roofs 
are formed in simple rectangular moulds, 

SKAT 
CRATer re 

Woodless Construction - 1 
An overview 

smoothed by hand and dried in the open -
a method very widely used in the region. 
Both the vaults and the domes are built 
using techniques which have their origin in 
Iran and Egypt. The most important char­
acteristic of these roofs is that they are built 
without any supporting shuttering. Thus 
the entire structure - walls, lintels, and 
roofs- is built with locally available earth, 
earth building already having a rich tradi­
tion in the region. 

Why Woodless Construction? 

The majority of dwellings in the Sahel 
depend on the use of organic materials for 
the structure of the roof, and often for the 
walls as well. Flat-roofed buildings typi­
cally use large beams and intermediary 

battens to provide the support for grass­
woven mats and for compacted earth on the 
roof. Thatched roof structures also use poles, 
branches and roots to support gra s, straw 
or reed thatch. Surveys in the region show 
that for almost all such structures the avail­
ability and quality of wood or branche has 
deteriorated markedly in the past twenty 
years. I A common complaint is that find­
ing good wood (species such as the doum 

On-going surveys and previous work undertaken 
in Niger and Mali including Uhde, M-L. , Relations 
entre Habitat Humain et Ressources Naturelles, CEAA 
thesis, Grenoble School of Architecture, 1995, 70 pp., 
illu .; Development Workshop, Evaluation des 
batiments er des techniques de construction dans le 
Cercle de Youvarou, a DW/IUCN report, 1991, 45 
pp. , illus.; Hammer, D., Tunley P. and Development 
Workshop, lferouane - Habitat en evolution, a DW/ 
IUCNIWWF report, 1991, 30 pp., ill us. 

Figure 1 Bricks made using simple wooden moulds and dried in Figure 2 Round dome structure -a cheap, easily built shelter 
the .sun 



Figure 3 Combinations of vaults and domes for attractive and comfortable facilities 

palm or the borassus palm, highly favoured 
for their ability to resist termite attack and 
to provide good structural strength and 
long durability) has become much more 
difficult. The Sahel has been blighted by 
years of drought, and there is no doubt that 
this has in many ways contributed to the 
disappearance of trees, but the biggest sin­
gle source of degradation is over-consump­
tion by man. Fuel-wood is one major cause 
for concern, but wood for building is un­
doubtedly another. 

Woodless Construction was developed to 
provide a viable, affordable and accessible 
alternative to this dual problem- how to 
alleviate pressure on the threatened natural 
resources of the Sahel and at the same time 
to make building by the population easier. 

Time to listen, observe, adapt 

Current Woodless Construction activities 
in Niger, Mali, Mauritania and Burkina 
Faso have evolved from an initial, "one­
off' training course run by Development 
Workshop in 1980 which introduced the 
techniques to Niger.2 There was early rec-

2 After ten years of experience using these tech­
nologies in Iran and Egypt where they have existed for 
centuries, Development Workshop introduced 
woodless vaults and domes to Niger in 1980, at the 
request of a small Canadian NGO, ISAID, in the 
context of a rural development programme. Over the 
next 8 years, support from this and other projects, and 
notably the WWF/IUCN' s project for the Conserva­
tion and Management of Natural Resources in the Air­
Tenere in northern Niger, laid the groundwork for the 
development of what has now become a major re­
gional activity. 

ognition that whilst the basic idea of vault 
and dome building suited the conditions of 
the Sahel, both the techniques and the way 
they were introduced and put into use needed 
to be adapted to suit the habits, experience 
and preferences of the population, as well 
as to suit the specifics of local climate and 
soil conditions. There was also recognition 
that this would be a long process. In each 
new locality time has been needed: to dem­
onstrate the W oodless Construction tech­
niques and to allow the population to see 
that woodless buildings would withstand 
several seasons of rain; to listen to the 
population and to react to their ideas; to 
observe how the buildings behave in the 
climate of the Sahel; and only then to adapt 
techniques and forms to suit. One example: 
the brief but often violent rainstorms which 
are common in the Sahel during the rainy 
season require particular care in shaping 
roofs to ensure quick but controlled rain­
water run-off. But because of the high 
winds that frequently drive the rain almost 
horizontally, it is very often the walls that 
need protection more than the roofs. Given 
what are often very localised specific con­
ditions, problems such as the choice of 
surface finishes or the form of the building 
is invariably strongly influenced by local 
practice. 

"Tuning-in" 

Both training methods and working prac­
tices on building sites are the object of 
constant evaluation and refinement in or­
der to facilitate the way in which the ma­
sons learn the techniques. (See Woodless 
Construction- 3: Change and adaptation 

to local needs in this series of BASIN case 
studies). This process reflects above all an 
approach of adapting to that which exists 
rather than trying to impose changes to 
local practices. Thus Woodless Construc­
tion aims to use whatever size local bricks 
are available for wall building (good qual­
ity provided!) rather than insist on special, 
unfamiliar dimensions for bricks and 
moulds. In parallel, the unit which deter­
mines the dimensions of the building is 
now the (local) brick, rather than the metre/ 
centimetre, which enormously simplifies 
laying out and bonding. 

Gaining the people's confidence 

Confidence in Woodless Construction has 
come with the passage of time, thanks to 
the construction of a wide range of build­
ings, some of them with considerable pres­
tige. Large buildings and complexes and 
prestigious private houses in Niger, Mali, 
and more recently Mauritania have helped 
develop a reputation for high quality which 
has certainly encouraged emulation by the 
population. But the greatest emphasis has 
been to demonstrate small and easily built 
one, two and three roomed buildings, suited 
to housing and to small public facilities, all 
of which are easy to imitate and affordable. 
These buildings range from cheap, single­
domed, round rooms with 20 cm walls 
through to numerous different combina­
tions of round and rectangular rooms which 
can be adapted to suit individual tastes and 
specific functions. Increasingly, the de­
mand for even larger buildings is being met 
by combinations of two and three roomed 
structures which can be built quickly by 



builders after basic training, and can be 
developed in stages according to the re­
sources of the owner. 

The training approach 

Early opportunities to learn 

During the early 1980's, builders learnt 
Woodless Construction techniques through 
'on the job' experience. The first formally 
organised training course for builders only 
took place as late as 1987, at lferouane 
(Niger).3 A survey carried out in Niger and 
Mali in 19904 showed that of over 300 
W oodless Construction buildings, some 
50% had been paid for by private clients, of 
which half were local villagers. The survey 
also showed that the shortage of trained 
masons was acting as a break on building 
activity and on the spontaneous spread of 
the techniques. For Woodless Construc­
tion to achieve a significant impact on local 
building practices, emphasis needed to be 
put on providing sustained and regular 
training opportunities, complemented by 
actions to identify where interest and de­
mand was greatest. 

Present activities 

A major boost to Woodless Construction 
came in 1993 when a Development Work­
shop/IUCN (World Conservation Union) 
partnership obtained funding from the 
Danish Government (Danida) for a five 
year, Woodless Construction Programme 
of training and awareness-raising in Niger 
and eastern Mali. InNiger, the United States 
Peace Corps is also making a major contri­
bution to Woodless Construction through 
the involvement of their volunteers, as is 
Lutheran World Relief. In Burkina Faso 
and Mali, Development Workshop is able 
to promote W oodless Construction tech­
niques thanks to the Danish Red Cross 
"Hope in the Desert" environmental pro­
gramme. In Mauritania, Development 
Workshop has recently erected some of the 
first W oodless Construction buildings on 
behalf of an IUCN sponsored National Park. 
Through such partnerships and collabora­
tions , of which there are many more, De­
velopment Workshop is able to organise, 
amongst other W oodless Construction ac­
tivities, several main cycles of training 
each year in different parts of the Sahel. 

Basic training for novice builders lasts about 
two months, divided into (1) a period of 

3 Funded by WWF/IUCN- see footnote 2. 
4 Development Workshop, Vulgarisation de la 
construction de voutes et coupoles au Sahel, a DW/ 
IUCN report, 1990, 59 pp., illus. 

Figure 4 "Spontaneous" construction- a vaulted house built by a trained mason with 
no external help 

theoretical explanation and practice, fol­
lowed by (2) work on complete building 
projects. (For more detailed information on 
the organisation and content of the training 
cycles, including training for experienced 
Woodless Construction masons, see 
Woodless Construction- 2: The training of 
trainers and builders in this series of 
BASIN case studies) . 

Local client partnerships 

During the second part of these training 
cycles (work on complete building projects), 
site work is carried out on a partnership 
basis with local clients. The local client 
contributes unskilled labour, building ma­
terials, normal site tools, and everything 
concerned with the finishing of the build­
ing, including doors, windows, paint and 
internal plasters. In return he does not have 

to pay for a tailor-made plan of his building 
nor for the cost of W oodless Construction 
trainees and their experienced supervisors. 
This partnership relationship represents a 
major local commitment - some 75% of 
real costs of putting up the building. It also 
clearly defines who owns and is responsi­
ble for looking after the building. And not 
least, the client-partnership relationship is 
an important factor in establishing local 
market values for W oodless Construction. 

Impact and accessibility 

In many villages, Woodless Construction 
is now the predominant roofing method 
being used for new buildings. Demand is 
high: after a training cycle, almost all local 
newly-trained builders go straight on to 
work on private building contracts. 

Figure 5 Particular care in shaping roofs to ensure quick but controlled rainwater 
run-off 



COSTS 
(Buildings commissioned by client-partners in Spring 1994, 

ie after the Fcfa devaluation) 
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Simple, two-room house, 
30m2 habitable area, 

7,200 Fcfa ($ 12) I m2, 
excluding finishings. 
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A two or three room house costs about 
9,000 FCfafm2 (or 15$/m2) to build, not 
including finishings (see box). This aver­
age cost is similar to those incurred in the 
construction of the flat, timber-roofed build­
ings they are replacing. But a family mak­
ing its own bricks and providing its own 
labour will obtain a house for a fraction of 
this. Clients are attracted to the system 
because it avoids the difficulty and expense 
of having to obtain often poor quality wood, 
needing replacement sometimes within a 
year, and because the buildings are much 
cheaper than those built with non-local 
materials. There are increasing signs, too, 
that it is considered prestigious to have a 
W oodless Construction house. And every 
30m2 dwelling built without wood repre­
sents a saving of about 15 wooden beams 
and some 8 cartloads of smaller wood for 
battens. 

Spreading the word 

A variety of activities are undertaken to 
ensure that the public is aware of the poten­
tial of W oodless Construction. 

But it is the local builders who play the 
most important role in spreading the tech­
niques. On-going technical support is pro­
vided after training, and initiatives by local 
builders to form themselves into organised 
groups with the aim of promoting the tech­
niques are being encouraged. Future fo­
cuses include the training of local archi­
tects and technicians and a broader range of 
dissemination tools addressing the various 
audiences of Woodless Construction, in­
cluding the local builder. 
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More complex house, 
90m2 habitable area, 

15,200 Fcfa ($ 25) I m2, 
excluding finishings. 
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For more information on Woodless 
Construction, contact: 

John Norton, 
DEVELOPMENT WORKSHOP, 
B.P. 13, F- 82110 Lauzerte, France 
tel: (+ 33) 63 95 82 34 
fax: (+ 33) 63 95 82 42, 
E-mail.· dw @ globenet.gn.apc.org 
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Building materials and construction tech­
nologies that are appropriate for develop­
ing countries, particularly in the low-in­
come sector, are being developed, applied 
and documented in many parts of the world. 
This is an important prerequisite for provid­
ing safe, decent and affordable buildings 
for an ever-growing population. 

But such new developments can do little 
to improve the building situation, as long as 
the information does not reach potential 
builders. The types and sources of infor­
mation on standard and innovative build­
ing technologies are numerous and very 
diverse, making access to them difficult. 

Thus, in order to remedy this drawback, 
GATE, ITDG, SKATand CRATerre are co­
operating in the Building Advisory Service 
and Information Network, which covers 
four principal subject areas and co-ordi­
nates the documentation, evaluation and 
dissemination of information. 

All four groups have a co-ordinated da­
tabase from which information is available 
on Documents, Technologies, Equipment, 
Institutions, Consultants as well as on 
Projects and Programmes. In addition, 
printed material or individual advice on 
certain special subjects is provided on re­
quest. Research projects, training pro­
grammes and other field work can be im­
plemented in co-operation with local or­
ganizations, if a distinct need can be iden­
tified and the circumstances permit. 

BASIN is a service available to all insti­
tutions and individuals concerned with 
housing, building and planning in de­
veloping countries, but can only function 
efficiently if there is a regular feedback. 
Therefore, any publications, information, 
personal experiences, etc. that can be 
made available to BASIN are always wel­
come and will help BASIN to help others. 

WAS I BASIN 
GATE- GTZ 
P.O.Box 5180 

Wall I D - 65 726 Eschborn 
Building Germany 

Phone + 49 6196 793190 
Fax + 49 6196 797352 

ITDG 
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(X) Rugby CV21 3HT 
United Kingdom Bmders 
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CH - 9000 St. Gallen 
Switzerland 

Phone + 41 71 237475 
Fax + 41 71 237545 

CRATerre- EAG 
Maison Levrat, Rue du Lac 
BP 53 

Earth I F - 38092 Villefontaine Cedex 
Building France 

Phone + 33 74 95 43 91 
Fax+ 33 74956421 I~ 
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CONSTRUCTION 
SANS BOIS 

WOOD LESS 
CONSTRUCTION 

"Woodless Construction" is the name that 
has been given in the Sahel to the construc­
tion of buildings, in which all the structural 
elements, including the vault and dome 
roofs, are made of ordinary mud bricks. 

SKAT 
CRATerre 

Wood less Construction - 2 
The training of trainers and builders: 
A case study in Filingue, Niger 

W oodless Construction techniques were 
developed to provide a viable, affordable 
and accessible alternative to a dual prob­
lem: how to alleviate pressure on the threat­
ened natural resources of the Sahel and at 
the same time to make building by the 
population easier (see Woodless Construc­
tion - 1: An overview in this series of 
BASIN case studies). 

The bricks for both walls and roofs are 
formed in rectangular moulds, smoothed 
by hand and left to dry in the sun for a few 
days- a method very widely known in the 
region. During construction, the dried bricks 
are laid in mud mortar. The most important 
characteristic of Woodless Construction 

roofs is that they are built without any 
supporting shuttering. Thus the entire struc­
ture- walls, lintels, and roofs- is built with 
locally available earth. 

The immediate aim is to develop within the 
Sahel a local, i.e. village and town based, 
capacity to build using these techniques, 
which does not depend on project funding 
or outside technical support. The principal 
means to achieve this aim is the organisa­
tion and provision of training at various 
levels: 

for builders new to the techniques, to 
enable them to build simple, safe structures 
without external help after a relatively short 
period of training; 

Figure 1 Trainee masons practice starting off vaults on training structures (phase 2) 



for builders with good experience of the 
techniques, to enable them to progressively 
take on the task of training; 

for experienced builders, and in some 
cases technicians, to enable them to acquire 
greater skills both in design and building. 

Training strategies 

Training is based on two key strategies. 

Mobility 
The training teams "migrate" to the places 
where the Woodless Construction tech­
niques can be of help and where training is 
needed. Mobility means constantly having 
to adapt techniques and processes to local 
conditions and realities. 

Training by local trainers 
Local builder-trainers increasingly repre­
sent the channel through which these tech­
niques can spread - through running the 
training sessions of cycles and through 
local advice and awareness-raising. 

Training cycles 

Each year, at the core of Woodless Con­
struction activities is the organisation of 3-
month training cycles, two or more of which 
may take place at the same time in different 

Figure 2 Principal trainers preparing each training module beforehand; here, building 
a scale model to use as a training tool (phase 2) 

locations. The training process is constantly 
reviewed and revised after each cycle, but 
the Filingue (Niger) cycle in 1993, in the 
contextofDW /UICN' s Danida-funded pro­
gramme, can be regarded as fairly typical. 
In this case training was divided into three 
phases. 

Phase 1: Advanced training of trainers 
and experienced woodless construction 
builders 

An 3-week period of advanced technical 
and "teacher" training -

for experienced builders, to improve 
their skills in working on more complex 
buildings; 

for future trainers (builders with good 
communication ability), to take them as 
"trainee-trainers" through all the elements 
of a basic builders' training programme, 
including methods for explaining or dem­
onstrating techniques, and for checking 
that the information has been understood. 

Figure 3 Future trainers practise blackboard skills (phase 1) 



Participation and assessment 
12 experienced masons participated in this 
first phase. After joint evaluation it was 
agreed that: 

4 were of a high enough standard to 
become principal trainers for Phase 2 (see 
below); 

the remaining 8, as assistant trainers, 
would each be assigned (according to their 
language and/or village of origin) their 
"own" group of four new masons to super­
vise. 

Phase 2: Basic training for new builders 

Following on immediately from Phase 1, a 
3-week period, for builders new to the 
techniques, intended to-

explain the principles of Woodless 
Construction, and 

enable training structures to be built to 
practice key skills without the pressure of a 
real building site. 

Training by local trainers 
During this phase: 

the 4 principal trainers (trained in 
phase 1) were responsible for preparing 
and teaching each training session, under 
the overall supervision and guidance of the 
core training team; 
• the 8 assistant trainers (also trained in 
phase 1) were responsible for supervising 
and assisting the four trainees assigned to 
each of them. 

Participation 
32 trainee builders participated, the major­
ity (22) from Filingue, in order to develop 
a significant builder capacity that the popu­
lation could choose from. The languages 
used were Haussa and Zarma, with certain 
trainers and trainees also speaking some 
French and Arabic. 

A detailed curriculum 
Each training session was based on a de­
tailed curriculum, which had been pre­
pared in the form of a Guide des formateurs 
(guide for trainers). The Guide was used 
for the first time, and thus "tested", during 
phase 1, the training of trainers-

to ensure that phase 1 trainees had a 
sound understanding of the principles un­
derlying the techniques they were already 
familiar with and 

to suggest methods they could use for 
communicating these (including models, 
diagrams, etc.) 

A local language (Haussa) version was 
quickly prepared and used by the trainers­

to provide a structured, time-tabled ap­
proach ensuring that all key points were 
covered and enough time allowed for each; 

as a tool enabling the trainers to prepare 
each training session beforehand; and 

as an aide-memoire during each train­
ing session itself. 

It is important to realise that the Guide is 
not regarded as a finalised "publication". 
Drawing from a base ofteaching notes and 
modules, the specific curriculum is pre­
pared in the light of an evaluation of the 
preceding training sessions and the spe­
cific needs of the locality where the train­
ing session will be taking place. In the case 
ofFilingue, the curriculum covered 36 train­
ing modules, and dealt with each stage in 
the construction of the building, from lay­
ing out through to each basic type of roof 
building. 

Organisation of training sessions 
Each training module is studied by the 
trainers several days in advance, to give 
them time to prepare for teaching the sub­
ject- which invariably includes both theory 
and demonstration. They also collect soil 
samples from the region to make test sam­
ples and explain differences in brick qual­
ity. 

Phase 3: Practical training on start-to­
finish buildings for local clients 

During this follow-on 5 week phase, the 
phase 2 trainee builders went on to under­
take the construction of small and medium 
sized buildings for local clients. 

Organisation of site work 
The average building consisted of two or 
three rooms, and responsibility for the con­
struction of each room was given to one 
pair of builders. Each pair thus had the 

chance to work on each stage of construc­
tion, from laying out and building the foun­
dations, through to building the roof struc­
ture and ensuring proper rainwater run-off. 
For example, a small two room building 
was constructed by two pairs of masons, 
under the direct supervision of one assist­
ant trainer, and supported by labourers pro­
vided by the client. 

The client-partner relationship 
All the buildings constructed during this 
phase of the training cycle were commis­
sioned by local clients, in the framework of 
a "client-partner" relationship: the client is 
provided with a tailor-made design for the 
building and with the skilled labour input 
i.e. Woodless Construction trainee build­
ers and supervisors. In return, the client 
agrees to cover all other construction costs 
bricks, water, soil for mortar and any 
renders; finishing- doors, windows, paint, 
internal fixtures; manual labour to assist 
the builders on site; and "normal" site tools 
- scaffolding, ladders, wheelbarrows, etc. 

The benefits of the client-partnership rela­
tionship are numerous and diverse. 

In addition to gaining practical skills on 
the building site, the trainee builders also 
start to acquire experience in dealing with 
the needs of the client. 

The involvement of "real" clients mini­
mises discrepancies with normal construc­
tion costs that would undoubtedly exist 
were the programme to fully subsidise 
buildings during training. 

Involving clients in this major commit­
ment (some 75% of the real costs of the 
building) helps to ensure their responsibil­
ity in the future care and maintenance of the 
building. 

Figure 4 Each building commissioned by a client-partner provides "start-to-finish" 

building practice for trainee builders (phase 3) 



COMBINATIONS OF SIMPLE VAULTS AND DOMES 
easily mastered by masons who have received basic training 
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Responding to the clients ' needs en­
courages the Programme to promote diver­
sity amongst the examples that are built. In 
turn, future clients have a greater range of 
examples to choose from, although in no 
case are these buildings considered as in­
flexible prototypes. 

In the case of Filingue, eight clients com­
missioned ten buildings, ranging from 
small, single-room, round, domed houses 
through to large, multiple-room buildings 
with a combination of vaults and domes for 
the roofing. 

Performance assessment 
All32 trainees were considered capable, as 
a minimum, of building one or two-roomed 
structures using vaults and/or domes for 
the roofs without assistance and were is­
sued with a certificate. Many of them, how­
ever, were also clearly capable of undertak­
ing more sophisticated combinations of 
rooms (see box). 
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After training 

Versions of all the types of buildings con­
structed during phase 3 of the training cycle 
have subsequently been built in the Filingue 
region by the newly trained builders for 
local clients. Three months after the end of 
the cycle, ten new woodless construction 
buildings were complete or nearing com­
pletion, and these included buildings de­
signed by local masons, and a new mosque. 

For more information on Woodless 
Construction, contact : 

John Norton, 
DEVELOPMENT WORKSHOP, 
B.P. 13, F- 82110 Lauzerte, France 
tel: (+ 33) 63 95 82 34 
fax: (+ 33) 63 95 82 42, 
E-mail: dw @ globenet.gn.apc.org 
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(1995) 

Building materials and construction tech­
nologies that are appropriate for develop­
ing countries, particularly in the low-in­
come sector, are being developed, applied 
and documented in many parts of the world. 
This is an important prerequisite for provid­
ing safe, decent and affordable buildings 
for an ever-growing population. 

But such new developments can do little 
to improve the building situation, as long as 
the information does not reach potential 
builders. The types and sources of infor­
mation on standard and innovative build­
ing technologies are numerous and very 
diverse, making access to them difficult. 

Thus, in order to remedy this drawback, 
GATE, ITDG, SKATand CRATerre are co­
operating in the Building Advisory Service 
and Information Network, which covers 
four principal subject areas and co-ordi­
nates the documentation, evaluation and 
dissemination of information. 

All four groups have a co-ordinated da­
tabase from which information is available 
on Documents, Technologies, Equipment, 
Institutions, Consultants as well as on 
Projects and Programmes. In addition, 
printed material or individual advice on 
certain special subjects is provided on re­
quest. Research projects, training pro­
grammes and other field work can be im­
plemented in co-operation with local or­
ganizations, if a distinct need can be iden­
tified and the circumstances permit. 

BASIN is a service available to all insti­
tutions and individuals concerned with 
housing, building and planning in de­
veloping countries, but can only function 
efficiently if there is a regular feedback. 
Therefore , any publications, information, 
personal experiences, etc. that can be 
made available to BASIN are always wel­
come and will help BASIN to help others. 
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CONSTRUCTION 
SANS BOIS 

WOOD LESS 
CONSTRUCTION 

"W oodless Construction" is the name that 
has been given in the Sahel to the construc­
tion of buildings, in which all the structural 
elements, including the vault and dome 
roofs, are made of ordinary mud bricks. 

Woodless Construction was developed to 
provide a viable, affordable and accessible 
alternative to a dual problem: how to alle­
viate pressure on the threatened natural 
resources of the Sahel and at the same time 
to make building by the population easier 
(see Woodless Construction -1: An over­
view in this series of BASIN case studies). 

The bricks for both walls and roofs are 
formed in rectangular moulds, smoothed 
by hand and left to dry in the sun for a few 
days- a method very widely known in the 
region. During construction, the dried bricks 
are laid in mud mortar. The vault and dome 
roofs are built using techniques which origi­
nated in Iran and Egypt. The most impor­
tant characteristic of these roofs is that they 
are built without any supporting shuttering. 
Thus the entire structure - walls, lintels, 
and roofs - is built with locally available 
earth. 

Figure 1 Ordinary mud bricks of local 
dimensions are used as the 
unit of measurement in laying 
out. Increasingly only header 
courses are used. 

Wood less Construction - 3 
Change and adaptation to local needs: 
A case study in Mopti, Mali 

In order for the key process of training and 
dissemination to be effective, the way 
Woodless Construction techniques are both 
taught and used in the Sahel has, since the 
time of their introduction, I been the object 
of an ongoing process of evolution and 
adaptation to local conditions and training 
needs. (For more detail on the organisation 
and content of training cycles, see Woodless 
Construction- 2: The training of trainers 
and builders: a case study in Filingue, 
Niger in this series of BASIN case studies). 
This process of adaptation has naturally 
drawn upon Development Workshop's ear­
lier experience of building with vaults and 
domes in Egypt, Iran and Tunisia - all 
countries which have differing techniques 
adapted to their own local context. For 
example, the well-known traditional domes 
and vaults of Egypt are in an extremely arid 
region; for them to be viable in the Sahel, 
which despite low annual rainfall is liable 
to violent rainstorms, much adaptation has 
been needed, primarily to ensure rainwater 

run-off. Adaptation has also, however, re­
flected observation of local building tech­
niques in the Sahel and discussion with the 
builders of each locality. The evolution of 
building techniques and forms is thus in­
spired by local practice, by a vast range of 
building techniques and styles, and thus by 
local solutions to problems and needs. Find­
ing a solution to today's needs is thus a 
question of mixing existing local ideas with 
new techniques, the latter being needed 
where old practice is no longer viable. 

In practical terms, adaptation of the tradi­
tional vault and dome techniques has fo­
cused on two main aspects: 

making the techniques easier to learn 
and use- often for illiterate and sometimes 
non-numerate builders -and thus safer; 
• making the techniques respond to local 
needs and expectations - which includes 
keeping costs low and providing the shapes 
and appearance that the public want. 

A training cycle run by Development Work­
shop in 1993 in Mopti (Mali), where there 
is a rich and diverse tradition of earth build­
ing, highlights a number of examples of 
such adaptations.2 These adaptations re­
flect both local conditions and building 
habits in the Mopti region and the high 
level of skill amongst local builders. They 
are therefore described below essentially 
to illustrate the nature of the process of 
adaptation and not as universally applica­
ble recommendations. 

Development Workshop introduced woodless 
vaults and domes to Niger in 1980 at the request of a 
small Canadian NGO, IS AID, in the context of a ru­
ral development programme. 
2 This cycle took place in the context of the 
Woodless Construction training and awareness-rais­
ing progcmre, exea.Jted by Development Worl<shop 
on behalf of a DW /UICN (World Conservation Un­
ion) partnership, and funded by Danida, 1993-1998. 



Figure 2 "Alcove" building under construction. Note the use of strings as a guide, the practice of starting the vault from both ends 
simultaneously, the use of off-centred vaults and open arches to create a spacious interior. 

Making Woodless Construction 
easier to learn and use 

A primary objective of any Woodless Con­
struction training cycle is to teach local 
masons how to build earth walls, as well as 
earth vaults and domes safely. The experi­
ence of training and building in the region 
ofMopti, however, also confirmed the need 
to make "good" building practice compat­
ible with pragmatic building methods -
methods the builders will really continue to 
use after training. Buildings with vaults 
and domes are subjected to greater outward 
forces than those with flat roofs. It is there­
fore often the case in the Sahel that local 
wall building techniques which are ad­
equate for flat roofs would be dangerous 
for vault and dome roofs. 

Brick sizes and laying methods 
Over the years emphasis has been placed 
on the quality of wall building. During the 
1980's this meant focusing particularly on 
brick dimensions, bonding patterns and 
laying techniques, working to precise plans. 
It became apparent, however, that such 
relatively complex and precise practice was 
acting as a break on the assimilation of the 
techniques. To take one example, courses 
with headers and stretchers were used, but 
these required scaffolding inside and out­
side the building. Local scaffolding is al­
ways makeshift and in short supply. It 

therefore made sense to build using header 
courses only. The wall-building taught in 
Woodless Construction activities, there­
fore, changed to headers only, but initially 
still using a special brick dimension ensur­
ing good bonding. This practice gave ex­
cellent results and remains popular today. 
Introducing unfamiliar sized bricks, how­
ever, in turn acted as a break on acceptabil­
ity. Starting to use local bricks whatever 
their dimensions (provided using the same 
size brick in any one building) was a logical 
step, whilst taking great care to ensure 
good bonding. It was important to elimi­
nate the cutting of bricks to fit measured 
wall lengths (a trimmed block facilitates 
corner strength) and this was achieved by 
stating only approximate wall dimensions 
on plans and allowing builders to work to 
the nearest brick when laying out. 

These progressive adaptations- "headers 
only" courses, using local size bricks and 
using the local size brick as a unit of meas­
urement- took place over some 13 years. 

Training structures 
Historically, the vault and dome techniques 
used in Iran or in Egypt were passed from 
one generation to the next through appren­
ticeship. In the Sahel this slow process 
needed to be speeded up, to allow new 
woodless construction builders to learn 
these skills in a matter of a few weeks rather 

than years. In the Mopti training cycle, the 
use of special training structures on which 
trainees could practice building arches, 
vaults and domes, without the constraints 
of a building site was introduced. These 
included walls to start off vaults, bases for 
domes, small structures to practice open­
ings and even small complete rooms. 

String guides for vault building 
In addition, string guides had been used 
since early on in the introduction of vault 
building to the Sahel (1980) to help build­
ers follow a straight line as they built out 
the courses of bricks from the end support­
ing wall. But drawing up the correct shape 
of the vault on the end wall, however, 
remained a problem. 

Drawing the vault shape 
Gradually a method has developed using 
wires or string and small pegs which to­
gether with a table of dimensions allows 
masons to trace correctly any vault in the 
range of spans he needs. The same piece of 
string is used again to control the correct 
angle of bricks as they are laid, by stretch­
ing the string across the face of the vault. 
These simple methods quickly become habit 
to the trained masons. Almost perfect vaults 
can be mastered in a matter of days. 

Three profiles of vault had been regularly 
taught, i.e. height to span ratios of 56%, 



66% and 75%, but over time such diversity 
was judged unnecessary. A vault with a 
height to span ratio of 66% was adopted as 
a "standard". But in Mopti, it soon became 
apparent that to offer a locally acceptable 
building solution it would be necessary to 
provide flat roofs using secondary vaults 
and infill. The 66% rise to span was there­
fore replaced by a new 60% form, easier to 
"convert" into a flat roof. 

Off-centred vaults 
For improved economy, strength and use of 
space, where two or more vaulted rooms 
were being built side by side, "off-centred" 
vaults were also introduced. This means 
that the external side of the vault can be 
started very low down, with a minimum of 
outward thrust, whilst the internal side of 
the vault can be finished much higher up. 
The resulting rooms have more vertical 
walls against which furniture can be placed, 
and opening between adjacent rooms is 
made easier. Off-centred vaults can only be 
built where two roof structures provide an 
opposing thrust. 

Responding to local needs and ex­
pectations 

Adapting the form or appearance of 
W oodless Construction buildings makes 
assimilation by the population easier. 
"Standard" forms and designs are deliber­
ately avoided. Instead, builders are encour­
aged to see that, taken as a whole, even 
simple W oodless Construction techniques 
can quickly be used as a 'kit' which can be 
adapted to suit many needs. 

Flat roofs on vaults and domes 
Popular reaction to Woodless Construction 
in the Niger interior river delta region of 
Mali in 1991-92 had shown that Woodless 
Construction rapidly aroused strong local 
interest in the face of increasing difficulty 
in finding organic materials or the money 
to pay for non-local alternatives. People 
nevertheless wanted flat roofs, where they 
could sit and sleep during the hot season: 
flat roof terraces with vaults and domes, 
using secondary vaults in the "voids" be­
tween the main roof vault and then infilling 
with earth, were therefore introduced. Skil­
ful use of off-centred domes and vaults 
reduces enormously the need for second­
ary vaults and infill in the roof, an other­
wise expensive item. 

Reduced wall thickness 
Woodless construction is mainly about 
changing the way that people build roofs, 
but the paradox is that walls invariably 
pose the biggest problem. One major con-

cern amongst clients and builders is how 
much material goes into the walls. In Mali, 
the programme worked to develop struc­
tures which reduce wall thickness and vol­
ume, and thus lower costs and building 
time. 

Increasing convenient interior space 
Following from this, "alcove" buildings 
were also demonstrated in Mopti. These 
exploit the fact that although vaults and 
domes require either thick walls (or a coun­
ter-force from an adjacent roof to contain 
their outward forces) , these thick walls 
need not be solid. They can therefore con­
tain alcoves which can be both attractive 
and functional (e.g. to hold a bed, cupboard 
or toilet) and moreover represent a consid­
erable saving in bricks. Thick walls con­
taining alcoves can be economically built 

so that they can resist the thrust of much 
flatter vaults or domes. The advantages 
here include using less bricks, faster build­
ing and a shallow roof, built using just the 
upper half of the vault profile: the resulting 
shallow curved vaults lend themselves more 
easily to infilling for flat roofs. 

"Gothic" domes 
Creating flat roofs is one issue; making 
sure that roof forces pass as vertically as 
possible to the ground is also important -
doing so can reduce wall thickness and the 
number of bricks in the wall. Rather than 
building hemispherical domes in the tradi­
tional Nubian style, "Gothic" (i.e. eccen­
tric) domes have been used. The metal 
rotating arm which is used for positioning 
each brick in the dome is set up so that the 
base of the guiding arm is displaced from 

Figure 3 An adjustable radial arm is given to each mason at the end of his basic training, 
enabling him to build eccentric domes. 



Figure 4 Woodless Construction clients often attach great importance to the final 
appearance of their building. This round, domed building is finished in the 
manner locally typical of rectangular, flat-roofed buildings. 

the centre of the room (usually by one third 
ofthe dome's radius). This gives a steeper 
curve to the profile of the dome, reduces 
outward thrust, and enables the dome to be 
started lower down whilst still achieving 
the same room height. Not only is the result 
stronger and requires less wall structure, 
but the annoying echo of hemispherical 
domes is also reduced. (An adjustable metal 
guide is given to each mason to keep when 
he completes his training). 

Retro-fitting vault and domes 
In the Mopti region, existing earth build­
ings with thick mud masonry walls also 
abound. The idea of "retro-fitting" existing 
(former wood structure roof) buildings 
with new woodless roofs was successfully 
tried, always provided of course that the 
walls were strong enough and the roof 
concept suitable.ln the Mopti region, sev­
eral buildings were retro-fitted with vaults 
and/or domes: an office, private houses, 
and one mosque, the latter proving to be a 
great source of pride to the local villagers 
who enthusiastically contributed their la­
bour. 

Future directions 

Technical changes are making Woodless 
Construction building easier and more at­
tractive to clients. But just as important is 
the impact that these changes are having on 
how local masons and clients are taking 
decisions into their own hands: laying out 
bricks to measure the size of a new building 
on the ground, and then "re-arranging" 
rooms to suit the client's wishes; or trying 
out different vault positions by drawing 
full size on the wall. All increasing oppor­
tunities for masons to find viable solutions 
to local clients' needs unaided. 

For more information on Woodless 
Construction, contact: 

John Norton, 
DEVELOPMENT WORKSHOP, 
B.P. 13, F- 82110 Lauzerte, France 
tel: ( + 33) 63 95 82 34 
fax: (+ 33) 63 95 82 42, 
E-mail: dw @ globenet.gn.apc.org 
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Building materials and construction tech­
nologies that are appropriate for develop­
ing countries, particularly in the low-in­
come sector, are being developed, applied 
and documented in many parts of the world. 
This is an important prerequisite for provid­
ing safe, decent and affordable buildings 
for an ever-growing population. 

But such new developments can do little 
to improve the building situation, as long as 
the information does not reach potential 
builders. The types and sources of infor­
mation on standard and innovative build­
ing technologies are numerous and very 
diverse, making access to them difficult. 

Thus, in order to remedy this drawback, 
GATE, ITDG, SKAT and CRATerre are co­
operating in the Building Advisory Service 
and Information Network, which covers 
four principal subject areas and co-ordi­
nates the documentation, evaluation and 
dissemination of information. 

All four groups have a co-ordinated da­
tabase from which information is available 
on Documents, Technologies, Equipment, 
Institutions, Consultants as well as on 
Projects and Programmes. In addition, 
printed material or individual advice on 
certain special subjects is provided on re­
quest. Research projects, training pro­
grammes and other field work can be im­
plemented in co-operation with local or­
ganizations, if a distinct need can be iden­
tified and the circumstances permit. 

BASIN is a service available to all insti­
tutions and individuals concerned with 
housing, building and planning in de­
veloping countries, but can only function 
efficiently if there is a regular feedback. 
Therefore, any publications, information, 
personal experiences, etc. that can be 
made available to BASIN are always wel­
come and will help BASIN to help others. 

WAS I BASIN 
GATE- GTZ 
P.O.Box 5180 

Wall I D - 65 726 Eschborn 
Building Germany 

Phone + 49 6196 793190 
Fax + 49 6196 797352 

ITDG 
Myson House 

Cements and Railway Terrace 

(><) Rugby CV21 3HT 
United Kingdom Binders 
Phone + 44 1788 560631 
Fax + 44 1788 540270 

SKAT 8 Vadianstrasse 42 
CH - 9000 St. Gallen 
Switzerland 

Phone + 41 71 237475 
Fax + 41 71 237545 

CRATerre- EAG 
Maison Levrat, Rue du Lac 
BP 53 

Earth I F- 38092 Villefontaine Cedex 
Building France 

Phone + 33 74 95 43 91 
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