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Inmroductlon

Man's affiliation wath eanh s as old as be s
biblies] accounts refer to his creation

frotn eanth Over 30% of the wotld’s papulation
live in earth buildings today but i spite of this

the material 15 looked down upon as being fragile

anid unsigtable for butlding construction i
mordeen, ndustiial society. This view became
prevalent at the turn of the last century with the
protiferation of industeial age materials
congrete, glass and nteel - around the world.The
rase of manipulation of these new muterialy
made thesm highly popular, However in recent
times, concerns have been raised about the
envitonmental impact of the highly industrial
and
meshanized processes required for the
preduction of tiese materials and their effects on
the
natural epvironment. In sddition to this there in
the: fuct that these production processes are
capital intensive and these costs are pavsed along,
1 the end yser, These costs make it increasingly
ot expensive to build, especially at the level
A the single-home builder, _
nctensing urbanization across the waorld, which
B greatest in the developing world -
the EN-Habitas progrumme projects that by the
14 2020, 52% of the African population will be
- g g cities, wt the 2001 recorded rate of §%

urbanizaton per annum. This figure is alarming
and it brings to fore the necessity 1o provide
pood quality sheler for the new urban
populations. Shelter policies and regulations
heavily influence the production, quality,
avatlability and costs of housing. As result, the
majonty of urban poor cannot afford to build
according to prevahng formal standards because
they are restrictive, exclusive or costly o
implement (BASIN, 2001).

The difficulty of obtaining decent, affordable
housing in our growing urban centres 15 not
limited to the poor alone. An increasing number
of the urban middle class also find it difficult to
access nffordable housing. Repeated low-cost
housing programimes are not alfordable for the
target populations as the cost of the housing units
are often exorbitant,

The realizanon of this has led to many
povernments formulating policies for the
immplementation of housing programmes for the
growing urban populations. In Nigeria this
strategy is enshrined within the National Policy
on Housing and Urban development of 2002,
One of the thrusts of this policy is the promaotion
of the use of local materials in the provision of
housing. This thrust is also supported in the
National Economic Empowerment Development
Strategy (NEEDS). The NEEDS policy (2005)
document outlines the following as means by
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wheeh the Nigenan population could be
empowered economically, within the area ol
buthdinyg construction: _

1 facthtating property \!v\«‘lurcl-\‘. access 0
putchase land for the provision of affordable
housmny;

i cutnng the cost ol housing constreciion l“
encouraging the use of local building

materials; ,

Hi. training a new generation of architects in
designing low-cost housing,

v, c.n.lbl‘mg the other levels of sovemment (state
and local), as well as construction

companies, to assume responsibility tor
providing low-cost housing. _
This paper focuses on item (i) of this aspect ol
the NEEDS policy. looking at

unbumt earth as a building matenal. This
material may hold the answer to the sustainable
development of our burgeoning urban centres:
looking back 1o the precepts of traditional
architecture to meet the requirements of urban
populations. This becomes pertinent in view of
Bhatia’s (1991) book on Lawrie Baker's works
in which Baker asks why “can't we be “modern’
with other materials besides reinforced concrete,
glass and aluminium trimmings?™ He wonders if
we could go back 1BC (before concrete) and
carry on with the history of research and
development by applying 20th century
Knowledge and know-how while still showing
love and respect for all that has gone before us.

Use of earth in construction

Earth is an abundant building material and ven
few places in the world do not have

access to use this material for the provision of
housing. The material is viewed with disdain by
the average urban dweller - this also extends to
the aspining rural dweller — who views it as a
‘dirty”, *local’, “traditional’ material which
cannot compete with the new *modem’” and
‘clean” materials. This perception ¢an be said to
be valid when viewed in the light of the
traditional earth building techniques with which
the observers are familiar. The new materials are
easier o use while most traditional earth
construction methods are labour intensive and
more time is needed to prepare them for
application in the building frame. In addition, the
question that usually arises is how possible is it
to use this *dirty’ material to construct houses
that are clean and adapted to the realities of
contemporary lifestyles.

Houben and Guillaud (1994) identify 12 main
metheds which are applied in

traditional earth construction methods across the
world. Of these twelve, seven are very

commenly used and Cpresen th
techniques. These seven megpe . ™ g
ll)(k v‘"r 1 :J\s.‘
* desg

wietly below: P
brietl "bu\‘
-
1. Adobe is sun dried earth byick \
. s
using a thick malleable earth 1o “h‘ldtm Mgy
often added 10 improve tensile h sty .

reduce cracking due o shrinky q'Z’l'lnglh i
patts of Nigeria, adobe blocks ‘:m; 'n,lhc hnrz‘k“
“block Takka™ and it is Common 14 N k :
being produced along dried cm;co N
during the dl"\' season. l,r“‘hlt'linn‘min
wooden "W
or metal moulds although the

widespread in certain parts

th

use of MAChine ;
R

0|~ [hc “‘mlll,
2. Rammed earth consists of carth compact
wooden or metal form work. The g of .
formwork in concrete technology i borrow ey
from this technique. It makes it Possible 1g
monolithic walls in compacted eary ruild

3. Straw clay involves the use of aclayey soil,
The clay is dispersed into water (o forma
greasy slip which is then added to the straw,
acting as a binder. Itis easily adapted o the
prefabrication of various building components
¢.g. bricks, insulating panels and flooring blocks.

d. Waute and daub is a composite system which
consists of a wooden bearing structure

which is filled with a daubed lattice/netting from
vegetable matter. A very clayey soil, mixed
with any type of vegetable fibre, is used. This
method is very commonly used in coastal and
forest areas in Nigeria.

3. Direct shaping involves the use of plastic
earth which is directly shaped into thin walls
with the hands, without any kind of mould of
formwork. Walls can be as thin as Sem. 11153 I
method of construction which is very comf“‘f”
used in the middle belt regions of the counlf)‘-)e
especially around the Plateau, Niger and Ber
regions.

6. Compressed Earth Blocks are P"’du‘fd b
compression in a mechanical press: Wi
could be operated either manually o | produc®
hydraulically. This makes it possible ©P :
shaped 5
solid, cellular and hollow blocks/rick
7. Cob consists of stacking balls 9( me o
earth, reinforced with vegetable hhrcs', wil
top of one anather and lightly 1ame'” .gw '
the hands and feet to form monolithic

5. £
SR IT
ist, pla¢

alls.

e

Scanned with CamScanner



Towards & Sustainable Butlt and Nuatural Environmeny

Denyer (1978) describes this as the “puddied
mud” system. In the northern parts of the
country.

this is referred to as “bani-bani”.

Earth as a building material
Earth is a mixture of various grains (stones,
gravels, sand, silt and clay), air and water.
[tis the product of the weathering of parent rock
material which has undergone physico-chemical
evolution (Houben and Guillaud, 1995). It is an
astonishing material that is very difficult to
understand with respect to its behaviour as a
building material: this material that is trampled
underfoot can be manipulated into giant
structures to house man’s activities. Earth is also
useful for agricultural purposes but it is the part
that contains no organic material that is useful
for construction activity. In its granular form,
earth behaves both as a fluid and as a liquid
{Anger and Fontaine, 2005). It can be piled up,
because of its structure whose form and solidity
depends partly on the percentage of the
constituent grains present in it. This property
makes it possible to completely fill up a space
such that the material is compressed and no
voids are left between its grains. This is the case
with rammed earth.
Generally earth is considered as a natural
concrete in which clay acts as a binder.
However Anger and Fontaine (2005) have,
through extensive laboratory research which can
be demonstrated through pedagogical means,
shown that a closer look at the material will
reveal that water is the true binder in earth.
When water is added to dry sand, the capillary
forces responsible for surface tension in liquids
are brought to play. This surface tension is the
factor that makes it possible to build sand
castles. This binding activity is attributed to the
clay fractions of the soil because their size and
specific forms allow for the greater action of
these capillary forces between them. Earth
building units have shown high resistance to
compressive pressure, when dry. of between 5 —
50kg/cm2. In tension however, resistance is
reduced to between 25 — 500g/cm?. The
‘resistance of earth surfaces to abrasion is poor
and its modulus of elasticity lies between 600 ~
T00kg/mma.
Earth possesses specific properties which can be
subjected to scientific tests, just as other
materials can, It has its own properties which
have to be understood for it to be properly
exploited within the building frame. Minke
(2000) outlines the major advantages and
disadvantages of earth construction and these are
shown in table 1. :

TABLE 1: MAJOR ADVANTAGES AND
DISADVANTAGES OF EARTH
CONSTRUCTION

Advantages Disadvantages

It balances air humidity as it is able to absorb
and give

off humidity faster and to a higher extent than all
other

building materials. By so doing, it balances
indoor

climates. Experiments at the University of
Kassel in

Germany have demonstrated that when the
relative

humidity in a room was raised suddenly from
50% to

80%, unburnt earth bricks were able to absorb
thirty

times more humidity than burnt bricks in a
period of

two days.

It is not a standardised building

material as its characteristics may

change from site to site, with

varying proportions of constituents.

This could affect the preparation of

the correct mixes for specific

applications

Advantages Disadvantages

Earth stores heat and this property is very
important in

regions where diurnal temperature differences
are high

or where it becomes necessary to store solar heat
gain

by passive means.

Earth mixtures tend to shrink on

drying. The linear shrinkage is

between 3% - 12%, depending on

the amount of water in the earth

mixture for the specific construction

technique chosen. Shrinkage level

can be reduced by reducing the clay

and water content, optimising grain

size distribution and using additives.

Unburnt earth construction saves energy and
reduces Earth is not water-resistant and has

-

environmental pollution. Its preparation,
transportation

and handling on site requires only about 1% of
the

energy needed for the same with burnt bricks or
reinforced concrete, producing very little

135
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vironmental pollution.
:Sr:xr:;Ocan alw:x;)s be recycled and poses no
danger to
the natural environment
It is ideal for self-construction as earth
constriction -
technigues can usually be executed with little
professional help. Techniques are labour
intensive and ‘ A
need inexpensive tools and machines. This
feature
makes it very viable for use in the development
of
housing units for planned urban dcvelopmeqt.
Earth walls can absorb pollutants dissolved in
water.
This has been demonstrated in Germany where a
demonstration plant in Berlin-Ruhleben removes
phosphates from 600m3 of sewage per day using
clayey
soil. The phosphates are bound by the clay
minerals
and extracted from the sewage. The phosphates
are
then converted to calcium phosphate and can be
reused
as fertiliser.
to be sheltered against rain and
capillary rise.
cource: Authors' adaptation from; Minke
(2000): Earth construction Handbook

Building with earth
Going by the earljer remarks of Baker on

know!edge of the physical Droperties of the
matena.l to come up with buifding Systems which
Can easily he reproduced, Mathi

acknowledges the

across Nigeria Hoube
. . n i
3::] ldc:srgu 8uidelineg formel:nc};]m”am . !
i systems, i
:uxlding requiresg: o m}igl{‘s(lhat
v LT ”
2 ;:; goodci:c&es (t'ound:m'on)mo
: ary concem .
- COmpatibi)iry bctwee(:: e
Mechanica) ¢ $SES 10 wh;
System of the Sthucturs 5, !

an earth

subjected to. The Major Poins . |
stress issues arising fropm the u) e, |
earth as a building malerig] 5, "
2 which is adapted from eouf?:r:: o
Houben and Guillaud, 1994, 1 T
design guidelines for eapyp, abiela.:.,‘
walls Mechanical behavig,, Ay \
Joads, bending and the PO g
possible resultant bulging ang Poiny
The size and stability of m :
and partition walls,
pillars and buttresses g well as the
arches and vaulting must e
considered. Dimensiong] design. . "
of walls should be at leas; "y
one tenth their height. Thys (he Minimyy
thickness of rammed earth wallsin
single-storey structures should

™ p
cof <

; o
i, loag ..,

<fir

*UPpen

be taken as 30cm and 45¢m w ith a double g |

building. The distance

between partition walls, buttresses O expziy |

Joints should not exceed § -
6 cm. The quality of mortar and care tsken s
laying can enhance the
strength of the walls. The use of cement-
stabilised mortar increases the
compression strength of adobe walls by 2% 1
doubles their shear _
strength. The mortar used for joints should a2
the same compression
strength and erosion resistance as the maso™
units. If the strength of the " o
mortar is less, erosion and infiltration will %=
and the units will  hrcls
deteriorate. If the inverse is the case. the o
will erode and water will o,
remain on the exposed surface of the ™
causing further erosion of the -
bricks. Good practices for mortars %
texture of the mortar must be auims?
sandier than that of the brick witha™
grain size of Smm. the
thickness of joints should be | -
Compressed earth bricks and he
maximum tolerance of 2cm for 3%
This also ensures good i}
bonding with applied surface I
Source: Authors' adaptation from’ 2
Guillaud, 1994, Earth constructio™

that 1%

1.5cm fef

plocks

-l
m Hou

v r_.;
Comprehensive guide pasize ™
Houben and Guillaud (1999 e:m: BT
beams are important to ensure ot

R . 4 atl

fOtational and shear stress 35 ;;rc es, Y3 ol

Pressure from pitched mofs']v Jistrivv”

domes. It also helps to even “or tie P ¥
aterials which can be use
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3\-@*3- steel and concrete. With compresye earth
briclu and adobe blocks, it s [‘”‘\'\Ihlc {0 lh’.‘\'gl.c
composite carth-concrete tie beams in which the
earth unils SeTVe a8 in ity formwark for (e
reinforced concrete beams. This helps o redyce
the amount of concrete used and eliminates the
cost of steel oF wooden tormwork

The following should be avoided with eanh
walls: aversized openings, accumulanon

of openings 10 the same walls section and
excessive vanety of sizes which could weaken
the

walls, openings tou close 1o the building comers
and openinys placed too Close together. Arches
can e used 1o span openings, thus further
reducing costs of concrete hntels,

Surface Mnishes for earth walls

Varous types of surface fintshes are possible
wih earth walls, depending on the

content within which it s used (Guillaed, Jotfroy
and Ol 1995 The main functions of a
wurface finuh are 10 protect the wall against bad
asather and impact, extend the Bife of the walls,
for sevhetios and improving thermal comfort. A
pood coating should adhere well to the wall
suppert without provoking the loss of wall

mater a), e flenible in order to allow for the
Leformaton of the suppont without cracking, be
mmpermeshis to rain, permeable o water vapour
n the agll el and have a colour and texture
compathie with the surrounding built
smvironment Wath carthen plasters, the concern
is uwsually for extemnal walls and bow the surface
finish van take on decorative fimshes such as
paanty and Uley. In tradinonal architecture, it was
requirad to rengw earth plasters on an annual
besis though examples abound of earth plasters.,
vmzally applied to the houses of royalty and
nohility, which could stay on without renewal tor
Lt

fong 18 five years. It s this concem about the
need for renewal that mahes carth construction
unacceptable today. )

For case of referencing, a boef summary of
¥anous possible types of earth wall

F;‘Omm is provided in table 3.

Table 3 Earthen wall plasters
Earthen ¥
Plastery
_U"‘ml‘ applied in two or three ¢oats on
siabiiised earth walls (Ujege, 2005). The
: :fm‘ coat or two level out the wall surface. The
. “ith cogt provides a smooth finish
by 4 colour, When the finish phaster is dried,
. PRints made from powdered clay mixed

with carthen pigments are applied, especially in
traditional architecture. Minke

(2000) asserts that earth plasters stick well on
brick, concrete and stone surfaces, as

well as on earth surfaces, provided the surfaces
are rough enough.

Lime

plasters

Made up of a mixture of lime, sand and fibre.
[.tme is first slaked for a day or two

after which the lime putty is separated from the
water layer on top, mixed with sand

and applied to the wall, ¢ither by hand trowel or
thrown from a distance of about

one metre. As the plaster cures, the calcium
hydroxide in the mix slowly hardens

into a rock like material. The resultant surface is
extremely durable and highly

protective and allows for the escape of water
vapour.

Gypsum

plaster

Calcium sulphate. It is usually applied in two
coats: base coat and finish coat. It

expands slightly as it dries and sets, eliminating
cracking. This plaster sets very hard

requiring little maintenance in the long run. Its
high solubility in water is a major

disadvantage which makes it unsuitable for use
on external wall surfaces.

Cement

plasters

Cement plasters can be used on earth walls.
Should however not be too rich in

cement. The best type of cement-stabilised
monar to use on an unstabilised earth

wall is one which contains at most 20%, by
constitution, of the parent soil used in

the wall support Where the parent earth is very
clayey, it is advisable to increase the

fine sand component of the mix as clayey soils
undergo extensive shrinkage on

dr,\lni It is advisable to apply cement mortars to
interior surfaces only, thus

allowing good evaporation towards the outside.
Figure | shows the effect of

moisture when an impermeable plaster is applied
to an earth wall. To ensure that the

plaster experiences thermal movements without
cracking, small quantities of lime
can be added.
Source: Authors” survey

Plumbing fixtures

Within special ‘water’ areas
like bathrooms and _
kitchens, the rcquirgmcqt is
to prevent the deterioration
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of the earth walls theough
© water splashing on them
Ozurn 2 3l ¢ |74
secsympnenics Mt it §4 not
wlvriabie (o Mmoot
wates gipes masde canh
waliy as leakage may caise
wrioms damage, espetially
will unstatnlised earth
walls, Gorad ventilation is
& very ungeram 1o aflow
i yra coapotation of datnp
and svoud condensation.
W alis st e peesecied ath
¥ ventilated waterprord costing such as ceramac
ties The base oot for the tiles can be prepared
by appiymy & coment plaster over metsl

latuchscien wire naded it the carth wall Thas

powed plaver ia finushed rough and the niles

wimeguently applied s 1. The proper ventilation

of & earth wall linked to plumiing 1w assured
when the intetior surface of the wall is water
provied theough the use of Ules or oil-based
prirts while the extenor surface 1 finished off
with 2 “breathable” surface coat

INTERIOH

EXTERION

- The pavement and the wail

buse do not allom woates
evapomaten,. The wall absorts water
- Avcumaianon of Wumadiny

The revstance of the wal) is
reguced.

- Decay of b plastes

leracing, peehng off,

Fig | Efect of menstre on impermeable plavters

1pplied w sarth walls
Tre preecs] nites #- uning wonden blocks in

arth = !
- wxlly e otlined e figure 2 W regards

rum’;”péumn, ;'x':mp % earth walls it 1
Guaally Hetier i (4 Wieien biocks within the
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