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This paper examines the strategy of employing a hybrid combination of indigenous
and modern housing construction technologies. Using a Botswana village as a case
study, this paper examines four traditional house types in relation to the household
income, skills, materials and aspects which could be improved by adapting
industrialized methods. Using experimental houses, the case study provides the
costs, benefits, potential problems and implementation considerations. The paper
discusses the weaknesses and virtues of traditional construction technologies, how
appropriate aspects from modern technologies can be incorporated or adapted into
traditional methods and the implications for developing appropriate, affordable
housing technologies.

Dans cette communication, l'auteur s'mtéresse a la combinaison hybride de techniques indigénes et
modernes de construction de maisons. I prend comme etude de cas un village du Botswana et
examine quatre types de maisons classiques en termes de revenus du foyer, de compétences, de
matériaux et d'aspects que 1'on pourrait améliorer en faisant appel a des méthodes de construction
industrialisées. L'auteur, se basant sur des maisons expérimentales, indique les cofits et les avantages,
met en garde coutre les problémes possibles et prend en compte les considérations de mise en
oewvre. [l oppose les points faibles des technologies de la construction classicque aux avantages,
explique comment des aspects appropriés des technologies d'aujourd hui peuvent &tre ntégrés ou
adaptés aux méthodes classiques et examine les conséquences que powrrait avoir la mise au point de
technologies de construction de logements appropriées et économiques.

Keywords: traditional construction, industrialized construction, appropriate technology, hybrid construction,
human factors, affordable housing

Introduction the accumulated knowledge would enable provision

of adequate and even better housing for each subse-

The gquest for suitable housing is one of man's oldest
activities which started as socn as he left the shelter of
the cave for less hospitable areas {1}. Compared to
most species, man inhabits an extracrdinarily large
portion of the earth. From the Imuit who circle the
Arctic to the Bushmen who range across the Kalahan
desert, man has found ingemous ways to live in
climates for which his biology does not predispose
him. Given the length of time over which man has
provided these ingenicus sclutions, it would seem that

quent generation. However, the reality is contrary to
this assumption. A combination of natural and man-
made disasters, migrations from rural to urban areas,
changes in lifestyles and dwindling rescurces has
caused housing scarcity which is today an acute
universal problem.

The world community has tried several approaches
to solve the housing problem, but the right sclution
has been elusive and, given the exponential rise in
populations and dwindling national economies, it will



remain 20 for a long fime to coms {Z). Thiz redlity has
prompted the Tnited Mations to swengthen its sarlier
staternent of ‘Global strateqy for shelter to the year
E000° {3} by declaring that ‘housing is a basic human
right', hence nationz across the world ars expectad to
obzarve it {4}

To be able to houzs the global population, which is
estimated to reach six billion by the year 2000, a
combination of traditicnal building technologies and
industrialized building construction neseds to form
the basziz of any worthwhile strategy To start with, the
Jap between traditional and modemn construction
technologies needs to be narrowed so as to enable
universal application of high technology in housing
production {5}, Ural {§} argues that application of
construction management schames to the planning
process 12 necessary for any succeszful shelter provi-
sicn. While thiz is evident in industrialized housing
construction T}, it i= lacking in the majority of
radificnal construction technologies despite fie fact
that the resources which the schemes sesk to opti-

mize are dwindling.

Traditional housing construction

All over the world, many built environmsent traditicns
have remained viable, and continue to confributs
soluticns to building and plamming needs because they
can still rely on available esources, skills or materials
and because lifestyles and expectations can stll be
zatizfied by tradiional approaches. Traditicnal con-
struction metods have been able to produce afford-
able and ralevant housing schiions to peopls of many
societies. These methods dewveloped from their place
and mhahitants, the gemious loch climate, geomorpho-
logic situation, available materials, hazards, needs for
comfort and protection, skillz, zocio-culural valies
and ethnic context and the sconomic system. This
Jave rize to divarzity in houzing solutions depending
on local condiions. It is the “unity in diversity’ of theas
solufions which made traditicnal housing sustainakls.

In traditional sccieties, construction relied on the
envirommental rescurces of land, climate and collec-
fivie local skdills to create sheler forms which reflactad
a precize and detailed knowledge of local climatic
conditiong on cne hand, and on the other, a reazon-
able understanding of the performance characteristics
of fhe building materials available {3}, In tradiional
construction thers was a clear understanding of how
the processes of designing, building and operafing
affect 2ach other, the occupants and the snvircnment.
Uzually these methods grew out of counflezs experi-
ments and accidents and the experience of gensra-
ionz of bullders who continued to uss what workad
and rejected what did not. They were pazsed on in
the form of traditional, rigid and apparently arbitrary
nules for zelecting site, orenting the building and
choosing the materials, building methods and designs
18}, A= the pecple could not expend huge quanttiss
of cil, coal or other sources of ensry the methods
which evolred used very litle enargy

Housing in tradifioral socisties was an acfivity in
which all memberz of the socisty participated. Pecple
participatad in all stages, from planning to production
and wera able to integrate their values and them-

zalves to raflect their culturas {10}, Sincs these people
wera the architectz and the constructicn crews of the
houses they built, they rarely ended up in zomething
they did not like. Howsewver, tradificnal practice has
usually bean the subject of constant evolution to meet
new needsz, and thiz process iz healthy A general
pattern haz been changing of lifestyles whers expec-
tationz are being redefined while rezource availability
iz alzo changing. Migraticn from traditonal setiemsents
to find better opportunities in lifs has removed the
zkilled and even the unskilled labour that cnce met
annual building or repalr needs. Moreovar, in many
zocieties, rapid and scmetimes radical changes have
taken place m recent dscades, to the extent that in the
new oI emerging context the traditional method no
longer worke as well az it did m the past, if at all.

Industrialized housing construction

Frovision of houzing through industrialized construc-
tion datez back: to the time Henry Ford dsweloped the
standardized production line for car mammifacture It
was envizaged that housing, as any other consumer
product, could be similatly produced and supplied
through industrial mechanizms. Many attempts, driven
by big buzinezs, have been made to transfor kmowl-
edge from mass producton of autemebiles and other
consumer products to low-cost housing producticn.
COns of the earliest attempts included the Lustrcn
homs which wasz built of mass-produced steel parts
shipped on cne truck: to the bullding site. All building
products that were neatly stacked on the specally
dezignad frucks wers Lustron mads incuding win-
dows, zeparating walls, vanity walls, doorz, celings,
dadding, katchen, etc. Very few items came from
cutside the production line. Althcugh the company
produced a house every 15 minmutes, it disappearad
from the scene in 1930 due to the following reasons
which, according to Bender {11}, are still valid today:
the company could not kesp pace with demand and
supply to sustain comtinuity; it could not organize a
zound nstwork: of dealers to franchise the product;
variable land, foundation and utility costs prevented
the advertisement of naticn-wide standardized price;
bankz could not cope with the companys time
agchedule in producing mortyages and weare also
reluctant to finance prefabricated housas,

Subsaquent attempts were mainly driven by the
eccnomic forces from within the construction process
itself which spurred the search for new methods.
Contractors realized that prefabrication of standar
dized partz could cheapean components, reduce on-
gite labour requirsmsnts and speed up the constuc-
fion process, and at the same ime potentially provide
the buysr with a highsr gquality product because
factory tolarances wers tighter than those achievable
on gite. The development of industialized housing
construction waz thuz underpimed by three main
principles {12}: standardization - a scisntific exam-
mafion of component spacifications which rezultad in
modular categories sach representing a  different
attribute or fmction such az performance, stuctirs,
tclerance and installation; prefabrication - the pro-
duction of components under factory conditionz and
their assembly on site, aimed to reduce costs, to



increase speed of constuction processss and to
improve quality; and systems building — adeopted in
the 1850z and 19602 and invelved more extenszive uze
of prefabricated compeonentz and attempts to intro-
duce quality contrel, new relations with manufactursrs,
and uss of programming methods for constructon
sequencing, together with new methods of documen-
tatior.

The inventicn of standardized, interchangeabls pre-
fabricated construction components had many similar
effects on building works to those expersnced in
autornokile production and manufacturing. Just as
Ford'z producticn system swept azide craft car produ-
cars, 50 industrializad construction techmiques playad
a part in eroding craft skill= {13}, Ending craft
practices was one of sevaral goals of industrialized
construction. Taske were divided and zubdivided,
craft control was replaced by new management
practices, and pace of work was often dictated by the
need to maximize the use of equipment such as a
towar crane {14} In spite of tess changes, evidenca
from the 1960z suggestz that systems building was
raraly cheaper or much quicksr than tradiional con-
struction techniques {13}, In additicn, lessons from
1980z industrialized high-riss housing programmes
show that design, layout, choice of matenals and
corstruction resulted in products that were oftsn
socially unacceptable {15}, Consumers had fitls if
aryy choice m housing produced using standardized
volume-production techniques available at that ims.
Momover, dus to the ‘closed systam' employed,
component systems wers often inappropriate for
infercormection with  systems produced by other
manufactirers.

Currant practice in industrialized housing produc-
tion haz wimessed a shift from ‘clozed systems’ to
more fleible and efficient production systems. The
current systems as practiced mainly in Japan make
products catering for wider degrees of consumer
choice, which previcusly had been cne of the major
failings of the atempt at mazs-manufacture of housing,
especially n Europs and Morth America. In Japan, the
industrialized houszing producers have invested heav-
ily m improving the flexbility of design to customize
housing to individual consumer's choice {16}, Cne
interssting aspect is that most of the succsssful
companies in industrialized housing construction in
Japan did not ewvolve from traditional craft housebuild-
ing firms; they weare started by large conglomerates,
which wara abls to invest heavily in factory facilitias
and ER&D These companies have R&D facilities
employing several hundred scienfists, tachnologists,
ergoncomists, architects and enginesrs. They are struc-
tured with varying degress of wertical integration,
from desicm and zales to materials and components
fabrication aszembly and erection on site {12},

A hybrid approach to house
construction

The preceding szecticns have reviewed two ap-
proaches which are currenfly employed to supply
housing. The review zhowed that the systems are
based on different technical concepts and cater for

different marketz. As the average investment to estab-
lish an industrialized housing construction systsm is
about USF 200 million {18}, 1t iz almeost imposzikle to
eztablish such systams in the majority of devaloping
counfries. In thesze countriez, waditional construction
methods ramain the only hope. Cartain aspects can,
however, be adopted from industrialized housing
construction to improve tradiional construction. Simi-
larly, the virtuse of traditicnal housing construction can
be adopted for incorporation into the industrialized
gystems where thiz has not bean the case. Thiz callz
for a hybrid approach which, although based on the
fraditional construction context in the case of develop-
ing counfries, recognizes and adoptz appropriate
concepts from the industrialized system.

The following section reports on a study of housing
construction in cne of the major villages in Botswana.
The study idertified the basic wealmesses of the
fraditional construction system uzed in the village and
discusses the measuras that have baen adopted from
industrialized systams to addrass tham.

Case study

The study was carried cut in responss to government
plans to improve howsing in the major villages of
Botswana. A major village in fhis case i1z defined az a
zottlement whose population does not qualify it to
bacome a town and hence anjoy the benafitz of urban
plamming. The major village selacted for this study is
called Tsabong and haz a population of 3000 {17}

Through the assziztance of the village headman, a
pratiminary survey conducted by walldng through the
zireats of the village identified four differsnt types of
houses in the villags

(17 mud wallz with thatched roof supported con the
wall or on poles independent of the wall Fig. 1, laft);
(2) wertical poles with mud in-fil supporting a
thatched or corrugated iron shest roof Figs 2 and 3);
(31 sun-dried brick wall supporting thatched/corru-
gated iron sheet roof (Fig. 4);

(4) concrete brick wall supporting thatched corru-
gated iron sheet or day tile roof [Fig. 1, right).

Fig. 1. Mud wall with thatched roef (left); and
concrete brick wall supporting corrugated iron
sheet roof (right).



Fig. 3. Vertical poles with mud in-fll showing the
damage caused by rainfall.

Fig. 4. Sun-dried earth block wall supporting
thatched roof.

Objectives

Tha chjectives of he study wears:
(3] to determine the housshold incomes in the

village
b} to identify the =ldllz related to each building

type;
() to identify the materialz used and the problams
facing =ach building type;

iy to identify aspects which could be adopted from
industrialized buillding construction to sclwe the pro-
blems identifisd.

Methodology

Information was cbtained from thres of sach of the
four differsrt types of houses through 3 semi-struc-
tur=d interview bazed on houssheld incomes, skills
used in the construction work, main materials used
and the problems facing the houzes The intervisws
ware supplementsd with perscnal observations and
information from relevant government departments,

Household incomes

This questicn intended to establish the average lewvel
of iIncome in the village. The level of income indicates
the extent to which fhe household can imvest in
housing. It was establizhed that most households in
the village do not have steady income as they depend
on 2easonal farming, which failz frequently because of
lack: of rains. Howevar, most households keep catle,
goats and shesp at nearby catle posts. There are no
mamfacturing industries in this village and construc-
tion activitiez do not give incomes as they are mainly
deona on a seli-halp basis. It was alzo establizhed from
the labwour office that about 450 people are employed
in wvaricuz government departmerts and zervice
companies and their average annual incomse was put
at 5§ 3500,

Skills used in construction in the village

The sldllz used in the constructon of the first three
types of houses are basically traditicnal skills which
are paszed flom one generation to ancther. Cne
acquires such skills through participation in building
activiies m the wvillags. Az sach membser of the
community i expected fo participate in such activ-
ities, evaryone has an idea of how to build No
theoretical background 1z given when learning these
zhdlls; thiz makes it very difficult to improve them, az
departure from the norm is interpreted as failure. The
aspact of lack of theoretical background becomes
vary important during the transfer of technology from
modern construction methods because it is some-
times taken for granted that if zomeonse knows how to
build in cne system, then it is azy to adjust to a
different system. Often, this iz not the case wih
traditional systams.

Slll= u=ad to construct house typs (4) Fig. 1, right)
— concrete brick walls rocfed with corrugated iron
sheetz or clay tiles — ware leamed through formal
bullding training in brigades. However, It was alzo
eztablizhed that scme of the builders in this category
acquired their skillz tircugh apprenticeship in large
construction companiss in the big towns. Builders in
thiz category are more liksly to bensfit from ransfer
of technaology than those with traditional skills.

Materials used in construction

This questicn intended to astablizsh the extent to which
the varicus available building materials in the village



are used, and, if there are amy which are not used, the
reasons behind not using them. Fersonal chservations
established that there are large deposits of stone in
the village Iat none of the houses ars built in stone.

The buiding materials mainly used in the village
ara poles, thatching grass, corrugated iron shaets, soil
(used for infill mud and sun-drisd bricks), cowduandg,
cameant and sand, which iz usad o producs concrets
bricks and mortar. Poles and grasz are obtained from
a place located about 10 kan from the village and ars
becoming more and more zcamce MMost peoples are
therefore resorting to sun-dried brick wall construc-
tion. Cowdung is collacted from cattle watering points,
and iron sheets, door and window frames are bowght
from local builders merchants.

On encuiring whiy stone is not used for conztructon
in spite of its abundance, it was established that thers
are no skils for stone constucton in the village or
nearby Thiz ssemed stange becauze the stons
depozits have been there for generations and zo cne
wiould expect the skl to build using them to have
naturally evclved.

Problems facing the houses

It was established that the main problems facing
houzes type (1), @) and (3) are to do with the
vulnerahility of the building materials o weather
elements. The problems were summarizad as crack-
ing of the wallz, absorption of meisture by the walls
leading to erosicn and collapss, erosion of the bass of
the walls leading to general instability, and termits
attack on the poles and thatching grass.

Examination of some abandoned structures re-
vealed that rainfall has the greatest impact cn the
structures. Since the thatching qrass wears out quickhy
when unattended, the wallz becoms expoesed to rain-
water from the top, the sides through driving rain and
the bass, leading o rapid detericraticn. This situation
calls for regular maintenance which has to be carried
out at least once a year.

The main problem menticned for house type (4)
was cracking of the walls and the discomfort experi-
enced in living inside the houses during the hot
season, if they are roofed using comrugated iron
shaatz.

Aspects which can be adopted from
industrialized construction

Az a meazure to improve the durability of the walls,
a0l samiples wers taken from the villags and testad
with varicus types of stabilizerz. It was establizhed
that the addition of 5% coment by weight to the soil
produced bricksblocks which could withstand the
effect of meizturs and mads water-rasistant rendering
18}

{ _-'4}5 a rasult of the survey and the experiments, the
following were recommended for experimental stac-
tures, two of which have been complatad.

(13 Limit the use of tmber to the reof stucture only
and dizconfinue its uze on walls. As use of poison to
confrol agricultural pests is not uncommon in the
village, termite poison was recommended for applica-
tion t2 all imbar prior to use.

2y Walls to be constructed uzing cament-stabilized
blocks preduced o the same procsss as the sun-
dried bricks but in a meould which ensuras consistant

prassure. Wallz to be rendered using similar ratics of
cement stabilization, ensuring that the wall iz cleaned
of debris and then wetted for proper adhesion of the
randering.

(31 Foundation of the houses to start at least 300 mm
balow the natural ground level and extend at least
150 mm above it. Apparently the tradifional construc-
tion putz very litle amphasis on the foundation, which
can be as shallow as 100 mm below ground leswel. It iz
then enlarged above ground level, but iz often washed
away during heavy rains because it does not have
intimate cocnmaction to the struchures.

(4] ‘'Boer thatching', which waz introduced into
Botwana by Boom, to be used instead of the
‘fraditional thatching’ becauss it usez a strongsr fype
of graszz and iz carried out by a professicnal thatcher,
which ensurez higher durability {19}, Ctherwiss,
corrugated iron sheets or clay tiles o be used for
roofing. The reazon for thiz recommendation was to
prevent water from gaining access to the top of the
wall

The cost of cement used in @ach of the exparimental
houses was U5 150, while prezsed metal door and
window frames cost 75§ 100, These were purchazad
by the cwners of fhe housss from a local builders
merchant. It was ensured that other materialz wearns
zupplied using tradiional mechamizms. Each house
has two rooms, and their designs were decided upon
by their cwnerz. Bricks were produced using the
labour of the members of the household aszsisted by
friends. Grass for thatching was collected from a
location about 50 kmm from the village and cost U35 25
to transport 1o e village. The constuction work: waz
done by the owners assisted by relatives and frisnds.
Lozal brew and food was given to the builders
accornding to tradiion, but costs could not be estab-
lished. Each house waz thatched by a professional
thatcher at a cost of USE 20, It fook 10 weokz to
construct each of the houses Monitoring of the
performance of the sructures and the reacticns of the
users is ongoing, but so far no problems have boen
noticed.

Conclusions

Heousing shortage today is acute and will remain so
as the global population is nsing exponentally and
rasources are dwindling.

Two methods of houzing delivery at opposite,
extrema ends of the spactmm wers reviewsd. Tradi-
tional housing constructon systems have bean provid-
ing housing for many jyears and are stll wviable
bacauss they mly on available rescurces. Industria-
lized housing construction zystems started as ‘closed
gystems’ which gave no opticns to users but are now
producing mere diverse products. Given the scale of
housing demand, both methodz will grow, but it iz
important that the advantages of cne system are
fransferred to the other and wvics varsa Important
aspacts, zuch az the durability of the structures and
management of rsources, can be transferred from
the industrialized housing system o the traditicnal
aystem, while such aspects as user participation will
need more emphasiz in industialized houszing of the
futura.



The stdy in Botswana showed that it is possible to
make tradiional housing construction producs mors
durable structurez at affordable costs. The actual
amount of money spent on @ach exparimental houzs
was approximately USE400. This covered the items
which could not be supplied or proceszed by house-
held labour. Althcugh incomes in the village are not
steady the majority of the houssholds can raise this
amount from the sale of livestock, which is often dons
under such special circurmstancss.

The materialz and building techniques uzed in the
experimental houzes are clossly matched to the skills
and know-how available in the village and allow the
approach to ba well intagrated into the zociaty.

The major departure of the hybrid approach from
traditicnal construction is the replacement of all tmbear
wiork: on the wallz with cement stabilized bricks. Clozs
supervizian ensurad that the cement ratio of 5% of the
weight of the sol was used to produce the bricks
uzed in the construction of the experimantal housas,
Howsver, when this approach is finally adopted for
wider application, it will be necessary to amangs
raining sessions for the users to ensure that the
predetermined ratic is adhered to and to provids
information on propser practice in handling termite
prison. The training may be complimented with the
uze of simple methods of determimng the ratice, such
as equivalant volume containers.

It iz anticipated that if zimiar hylkrid approaches ars
takzen for all traditional housmg constructon systems,
there are good chances that the resulting structures
will racsive more acoeptancs even whears local by-
laws currently prohikit their use This will undoubtedhy
make some contribution in the current housing back-

log.
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