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INTRODUCTION 

Following the December 1983 earthquake 
(magnitude 6.3) in the Koumbia region of 
North West Guinea, Development Workshop 
was invited to assess building damage 
and to org anise a programme to assist 
people in their ability to build houses 
whi ch wou Id stand up ln the event of 
another earthquake. Before the earthquake 
the majori ty of people lived ln round 
houses, bui lt with mud, wood, bamboo and 
grass, (Fig.1.) A few people lived in houses 
built "en dur", using reinforcement, 
conc rete , fired bri cks, cement blocks, and 
corrugated sheeting . Local ability to 
achieve this latter type of housing was 
very restricted . 

Traditional round house, Koumbia area. 
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Damage 10 housing 

Both the round hou ses and the few 
rectangular houses that were built with 
local materials had thin (150mm) load ­
bearing walls and thatched roofs . Of these, 
older houses usuall y had wa lls made of a 
wood and bamboo lattice framew ork, with 
mud packed into the gaps and plastered 
over the surface. These walls withstood 
the earthquake weil , but had frequentl y 
been damaged by termites and were 
therefore u nsound . More recentl y people 
had been building walls with mud blocks 
and no framing , and these, with little 
resistance to shaklng, suffered badly. 
Were it not for the termite problem, the 
lattice wall would have been much 
superi or. Buildings of "en dur" materials 
also suffered major damage, mostiy as a 
result of bad workmanship and poor use of 
materia ls. 

THE PROGRAMME 

ln planning the programme of assistance it 
was important to try and avoid working 
with techniques, forms or materials which. 
whilst performing wei l ln terms of 
earthquake resistance , failed to be readily 
accessible to the local people who were 
the intended benefi ciaries. The programme 
had also to take into acco unt that, whilst 
for the time being the maJority of people 
wou Id continue to build with local 
materia ls and in traditional forms , there 
was nevertheless a growing minority who 
were changing from round to rectangular 
houses, and from loca l materials to 
construction "en dur" . 

The shortage at a national level of the 
material s needed for con struc tion "en dur" 
and the money to pay for them was 
reflected in the situation in the Koumbia 
area. Loca ll y, lack of both transport and 
skills for constru ct ion "en dur" reinforced 
the fa ct that any attempt to assist house 
reconstruction would have to be based 
upon the use of local resources, and 
especiall y if the people were going to be 
able to meet not just their immediate 
building needs but also the ir longer-term 
needs. 

The programme comprised working with 
the local bui lders to develop with them 

bUilding techniques which they found 
workable and acceptable. It led to the 
construction of several demonstration 
buildings, destined as houses for 
teachers . The purpose was not to 
dem onstrate a model house, but to show 
techniq ues and principles which the 
villagers cou Id use in the construction of 
larger or smaller, roun d or rectangular 
hou ses according to each famil y's need. 
Three basi c hou se / construction types 
were chosen, ref lec ting the range in the 
materials people might use, and the shape 
of the house that they might wish to live in . 

The house types were as follow 

1. A traditional round house form built 
with mud block, bamboo and thatch. 

Il) A rectangular house built with mud 
block, bamboo, thatch and some timber in 
the roof frame. 

III ) A rectangular house bUllt with a 
reinforced concrete frame and walls of 
fired brick, with a corrugated roof on a 
timber frame 

These demonstration bUildings were sited 
in four seperate villages in the damaged 
area. By the end of Development 
Workshop's input four buildi ngs with local 
materials were structurally complete, and 
eight others were scheduled for 
completion by the Guineans on their own. 
Constru c tion with "durable" materials 
required Improvement ln quality rather 
than any rea l innovation, and as such the 
rectangular house type built with 
"durab le" materials is not the subJ8ct of 
this paper However , for both the building 
types using loca l materials there were a 
number of weaknesses which required 
innovation as much as improvement in 
quality. 

Wall construction wilh mud and bamboo 

As noted above, the walls made of mud 
plastered over a wooden frame provided 
resistan ce to movement and damage 
caused by an earthquake. They had the 
drawback that the structure of the wa ll was 
made of organi c materials and therefore 
easily destroyed by termites. Termite 
attack left the wall weak even though the 
outer coating of mud pl aster might show 
little sign of deterioration, and therefore 
little need of repair. On the other hand, the 
walls made out of mud blocks, whilst not 
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destroyed by termite attack, had little 
resistance to any movement or shaking , 
particularly because they were very thin. 
This latter type 01 wall will, however, last a 
long time under normal circumstances 
when no movement occurs and when 
suitably protected against moistu re. 

It was therelore necessary to develop a 
building system that made use 01 the mud 
block's potential long lile and stability 
under normal conditions, but which also 
incorporated the benelits 01 having a 
wooden or bamboo Irame which could 
provide resistance to movement or 
collapse during an earthquake. The 
system had to address the problem 01 
termite attack, and avoid the need to 
rebuild after the organic materials have 
been destroyed . One basic concept was 
developed lor both the round house and 
the rectangular house bui lt with loca l 
materials. 

A minimal loundation was used, the main 
purpose being to protect the mud Irom 
ground water. The walls were built with 
mud blocks and mud mortar, one block 
thick according to local practlce. This wall 
provided the load-bearing structure to 
support the rool Irame and the ring beam 
that it rests on. Lattices 01 horizontal and 
vertical bamboos were placed on both 
sides 01 the wa ll and tied tightly together 
by wires passing through the wall. This 
enveloping lattice restrains the wall in the 
event 01 movement, with the intention that 
at least the occupants will have time to 
escape outslde in the event 01 an 
earthquake. The mud walls were plastered 
belore the bamboos were attached . The 
bamboos are intentionally left visible 
(unlike ln the traditiona l wall where they 
are buried inside the wall) so that the 
house owner can see when they are rol1en 
and replace individual bamboos without 
touching the structure 01 the building, 
sim ply by undoing the attaching Wlres, 
removing the destroyed bamboos, and 
replacmg them with new ones, (Fig . 2) 
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Concept of mud block wall and removable 
bamboo framing 

(Illustration from the training manual 
[Norton 1986] prepared for use after the 
programme.) 
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The lunction between the bamboo 
Iramework on adjacent walls is important 
on both the round and rectangular 
buildings, but particularly at external 
corners, where an additional vertical 
bamboo is placed over the joint 01 the 
horizontal bamboos. 

The wall building process 

The mud walls were bullt up with mud 
mortar. As each third co urse 01 block work 
was laid, an assistant, lollowing beh ind the 
mason , pierced a small hole through the 
damp mud mortar and passed the two 
ends 01 a piece 01 wlre throu1h the hole, so 
that on one side there was a loop large 
enough to take a 40 mm diameter bamboo, 
whilst on the other side two ta ils 01 wire 
hung out 01 the hole, lor al1aching round a 
bamboo later on . Once the walls were 
linished, they were plastered with mud 
and the Iraming could then begin . 
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Initiai placing of bamboo framework 

The vertical Iraming used whole bamboos 
Cut to the rig ht length belorehand. Each 
bamboo rested on the loundation and 
prOlected at least 200 mm above the top 01 
the wall so that it could be attached to the 
ring beam and rool Iramework. On one 
side a vertical bamboo was passed 
through the wire loop, whilst on the other 
side a second bamboo was loosel y held 111 

place by twistll1g the two wire ends round 
it, (Fig . 3). These vertlcals were placed at a 
maximum 01 0.8m centres. Every bamboo 
on one si de 01 a wall was matched by a 
corresponding bamboo on the other si de, 
directly opposite It. 
Split bamboos were prepared lor the 
hor izontals, by smoothing off each half 
round spli t face so that it will lie fiat against 
the surface of the wall.The horizontal 
bamboos were then slid along betwen the 
vertical bamboos and the wal l, and resting 
on the wires at every th lrd block course. 
When ail the bamboos were in place, two 
short sticks were al1ached to the wire 
ends. Whlle one man pu shed against the 
wall on the side of the loops of Wlre, 
another took the two short sticks and 
pulled the wire light. twisting them to 
secure the frame. (Fig. 4) 
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Securing the bamboo framework 

When the bamboos were tight against the 
wall and the wires secured, the sticks were 
removed from the wire ends for use on the 
next pair of wires, and the loose ends of 
wire were tucked away neatly behind the 
bamboos. To make sure the bamboos 
wou Id lie fiat against the wall , the process 
of tightening was started half way up the 
wall and then continued at the top and 
bottom. On top of the wall a short 
transverse bamboo was laid and tied to the 
verticals, and the ring beam was then 
placed on top and al1ached . When the wall 
framing was in place, the roof framing was 
assembled and altached to the wall frame, 
and the building then thatched in the 
trad ition al manner, (Fig.5). 

CONCLUSIONS 

The purpose of this case study is twofold 
Flrst ly it iil ustrates a programme and a 
technique for increasing the earthquake 
resistance of thln mud wall structures, and 
thus it may be of some relevance to others 
faced wlth a sim llar situation to that 
described in this paper. But the second 
purpose is perhaps more Important, and is 
co ncerned with the distance betwee n the 
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reality of wh at many poor people ca n 
afford and ach leve on the one hand, and 
the existance and deve lopment of 
tec hniques and materials whlch are able 
to meet a specific need - in this case, to 
provide safe shelter. The reality is that for 
many people the opt ions for how to 
improve the quali ty of their shelter are 
extremely limited, by thei r lack of means, 
by their poor access ta materials, and in 
many cases by the insecurity o f their 
situation . The issue then is not primarily 
how ta identify or develop techniques 
wh ich wi ll, for exa mple, make earth wall 
construction safer in an ea rthquake, but it 
is rather how ta ensure that any 
techniques which are int roduced are bath 
accessible and capab le of ad apti on to 
meet local and individual needs and the 
abil ities of each family. Ta do this entails 
ac hievin g a compromise between what is 
technically desirable, and what may be 
practically applicable. In the Koumbia 
programme the who le system of using 
bamboo to frame the walls was refined 

during the practical programme, which 
took an initial concept and adapted it in the 
course of the programme to suit the local 
conditions. This meant that there was litt le 
op portunity for testing und er Simulated 
ea rthqu ake conditions. Similarly, the 
foundations of the local material buildings 
were intentionally made as minimal as 
possible in arder ta reduce cost to locally 
realisable leve ls, even though more 
substantia l foundations would have 
helped ta tle th e base o f the bUildi ng 
together the shortage of transport 
seve rely restr ic ted local ability ta obtain 
mate rials suitab le for the foundations. It 
would have been of little help loca ll y ta 
introduce or develop Ideas which, 
although technica ll y desirable, were 
beyond the resources - materla l, finan cial, 
or human - o f the loca l population. 
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Co mp/e/ed demons/rallOn round house 
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Hassan Fathy steh! neule fu r die Wle­
dergeburi der Tradition, lûr die Re­
naissance des Islam, ftJr die Erneue­
rung des Lehmbaus und für die RucK­
kenr zu na/ürlichen Energ ien ln die­
sem Sinne funklionieren seine Hauser 
wie eine "nalür/icne " K/lfnoonlage, 
die durch Bauformen und Disposition 
dos lelslen, wos die Moderne nur 
nocn durch ein Immer M enr an Tech­
nlk vermag - ein Haus lm Win!er zu 
wdrmen und lm Sommer zu küh/en. 
HASSAN FATHY, NATÛRLlCHE 
ENERGIE UND VERNAKULARE AR ­
CHITEKTUR. (Deutsche Erstverof­
fentlichung) Klimo und Architek loni­
sche Form - Sonne - Fossod e - OH­
nungen - Doch - Luftbewegung im 
Hous - Tradltionell e Stodlplanun g 
und Klima - Feuchtigkeit. PROJEKTE 
Frühe Hauser - Spale Hauser - Dari 
Neu- Gourno Saheir Farid / Rami El 
Dohan, Islamische Alchileklur und 
die Arbeilen von Hassan Fathy Tho· 
mas Weil, Ein ArchJfekt, der mil dem 
Herzen denkt. Bruno Schindler, Vom 
sinnlichen Urtei l. H,J Serwe, Dienne ­
eine S!adt ous Lehm ARCH+ -Zei­
tung : Ago-Khon- Preis 1986, Die lelz­

len Arbelte:1 van Morl Stam Kolum 
ne Neue Heimo! ARCH + -Baumarkt, 

(8)(8)ARCH+ 

ARCH ' - die andere Zeitçchrift für Architek­
ten, Stadtplaner, Bauokologen und olle, die 
neugierig geblieben sind, ARCH' erscheint 
lünl Mal im Jahr , - Zu beziehen über jede gute 
Buchhandlung , Oder: Bestellungen, ein olte­
res Heft kostenlos zur Probe , Prospekte , Abos 
bei : Klenkes, Oraniens tr. 9, 51 Aochen 
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