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FOREWORD

The architecture of every age has often reflected, among
other factors, sociological, economic and technological
expression of that period. This accounts for similarity in
appearance of buildings of similar function in a given
period of time, such similarity being achieved through
the application of certain design features and forms.

But every often students and practising architects in tropi-
cal countries tend to accept the use of many design
features without pausing to assess their suitability in
terms of environmental conformity or of economic and
climatic considerations. They also specify materials and
constructions techniques that are inappropriate and con-
sequently result in failure.

Since many of the “Third World"” countries fall within the
tropical climatic zone, their students of architecture can-
not afford extensive travel and so tend to accept the
buildings around them as their only practical and tangible
examples of synthesis of design and construction theory.
There is need therefore for practising architects to
approach their design and construction problems with
caution and from first principles. In this regard, interpre-
tation of client’s brief must be backed by a thorough
knowledge of the social, historical and technological
setting of the environment, even though very often this
knowledge cannot be found in the required form in any
existing literature. Our students in Kumasi have acquired
it through a carefully regulated curriculum the require-
ments of which have produced an impressive collection
ofdata and documentation which have proved immensely
useful in the preparation of this book.

As most of the schools of architecture in the Tropical
Developing Countries were founded on British or Ameri-
can systems their original curriculums were imported
and, being unrelated to local experience, often produced
disastrous consequences. Many of these schools have, of
course, modified their original syllabuses with good
results but the Kumasi experience which has been well
acknowledged is of significant interest.

It started with a modified syllabus of the Royal Institute of
British Architects which did not go far enough to achieve
the objective stated above. Consequentlyi a new syllabus
was devised in the early sixties which had as its basis
studio programmes designed around integrated studios
of communities as experienced by students at the end of
the 2nd and 3rd years in given areas where they are
obliged to stay for a two week period during the long
vacation. The documentation that followed gives the
students a comprehensive background to the following
year's programme. While the junior year covers rural
development the senior year deals with urban problems,
but it is essential that both give the student the opportu-
nity to design for the two main climatic belts of Ghana —
the hot dry climate of the northern savannah and the
warm humid forest belt.

Through this approach, a majority of students experi-
ence, for the first time, traditional methods of construc-
tion and the range of options in materials and construc-
tion which will help them face the challenge of using local
materials to save foreign exchange on certain imported
building materials.

Modern materials and techniques have been applied
increasingly in the tropics but often the results have been
poor in quality and durability for both technical and social

reasons, as well as being expensive. Traditional materials
and techniques have depended, by their nature, upon
locally available materials. Without any urge to try
alternative solutions such construction has, perforce,
been socially acceptable. The problem of durability has
not always been of importance, as with materials to hand,
seasonal repairs such as re-thatching has become part of
the traditions.

However, with the growth of population and which exter-
nalinfluences affecting people’slives, societies arechang-
ing. Also some traditional materials, such as timber are
now being exported in increasing quantities for the much
needed foreign exchange, and are therefore getting
scarce in the savannah belt or expensive generally. The
need for increased durability therefore has become
important.

Although many books have been published on Building
Construction, few are specifically concerned with the
tropical environment. Lots of publications are also avail-
able on other aspects of the tropical environment, butitis
rare to come across literature which not only describes
the technology, but also puts it in the social and historical
setting for which it is intended.

Hannah Schreckenbach had been practising architecture
for 15 years in Ghana before joining the Department of
Architecture at the University of Science and Technology,
Kumasi in 1975 as well as discovering at first hand the
day-to-day problems encountered when putting up build-
ings in Ghana, she has, through extensive travel in West
Africa acquired significant insight into the social needs of
various problems. She has built upon this knowledge by
extensive research.

““Construction Technology for a Tropical Developing
Country”’ presents information essential to the building
designer, through a comprehensive text and exquisite
drawings, and puts it in context. It makes clear the
variations in climate and hence in the living habits of the
people in the tropical zone. Id describes traditional solu-
tions to construction problems, and iliustrates the posi-
tive and negative aspects of these techniques. It also
provides a comprehensive range of alternative -solu-
tions, covering modern traditional materials where
appropriate.

The emphasis on traditional construction materials and
techniques underscores the importance of the need for
architects and builders in the tropics to search for local
substitutes for expensive imported materials which
account for a substantial proportion of scarce foreign
exchange resources in most of these countries. The
student of Architecture and the practitioner will find this
work to be an invaluable design tool.

“Construction Technology for a Tropical Developing
Country’” which had a small beginning as a Departmental
Research programme under the leadership of Hannah
has developed into a textbook, the outcome of Interna-
tional Technical Co-operation between the GTZ and the
University of Science and Technology, Kumasi.

PROF. J. OWUSU-ADDO
Dean, Faculty of Architecture,
U.S.T., Kumasi







1 INTRODUGTION

“l have no doubt that it is possible to give a new direction
to technological development, a direction that shall lead
it back to the real needs of man, and that also means: To
the actual size of man. Man is small and, therefore, small
is beautiful”. (DR. E.F. Schumacher in his book “Smali is
beautiful” — A Study of Economics as if People Mattered —
1973).

Food is one basic need of man, shelter is another.
Developing countries throughout the world are trying
hard to satisfy the first need by attaching highest priority
in their different government programmes to the promo-
tion of agriculture in order to achieve self-sufficiency in
this sector with varying levels of success. They are trying
equally hard to satisfy the basic need of shelter for their
people. And this has, since achievement of independence
for most of the developing countries turned out to be an
uphill struggle with little success.

Technologies for construction of houses in tropical
developing countries depend to a large extent on
imported building materials. When local industries are
set up to produce some of these materials, this process of
“industrialisation” (already expensive initially involving
a large amount of foreign currency) relies on the
imported raw materials for the manufacture of their
products. It also relies on a regular supply of spare parts
for the machines in the respective factories. It is also
based on imported technologies for the production pro-
cess.

Most of the developing countries have to cope with
varying degrees of economic crisis caused by the fluctua-
tions of world market prices for their main export goods
(from cocoa, coffee, minerals to timber, etc.) Moreover,
many of these countries have been very adversely
affected by the oil crisis of 1973.

Ghana, for example, is now spending over 40% of her
export earning for the importation of crude oil. The result
is that there is not enough foreign currency available for
importing raw materials for the industries producing
building materials or for the importation of such mate-
rials. The steadily rising demand for cement, for example,
cannot be satisfied. “Black market” prices cannot be paid
by the middle and low-income earner or by the small
farmer for cement or for corrugated aluminium or asbes-
tos-cement roofing sheets or for window glass {louvres)
or for plywood flush doors etc. And it is this group of
people, the workers, clerks, artisans, civil servants, young
professionals, teachers, etc. who cannot afford to build a
house or flat for themselves and who rent a room or
rooms at exorbitant prices in already overcrowded,
unhealthy surroundings (see Plate “Introduction”) of
uncontrolled growth suburban areas in the large towns,
because the authorities are also not in a position to putup
sufficient and cheap rental units due to the same con-
straints.

Opposite: Anloga, a Kumasi Zongo, taken from the air (1976).

Attempts have been made by some developing countries
to fully utilize locally available building materials, to
process others from own resources with technologies
which do not depend on a large foreign currency compo-
nent and to improve their own known traditional building
methods with these materials, in order to achieve a better
durability of the buildings put up with these methods and
at the same time to improve the quality of the traditional
materials used.

This is a good beginning. What is now needed is an
educational process to convince the authorities in these
countries and the designers that “intermediate or
appropriate technology” does not mean an inferior, out-
dated technology. It very simply means, in the context of
this book, a new understanding and precise knowledge of
traditional methods of construction with the full use of all
locally available materials for construction and how this
knowledge can be applied in different ways in a “tabour
surplus” (from “Small is beautiful” by Dr. E.R.

Schumacher) society.

Fig. 2: A Mamprusi compound in the Guinea savannah wood-
land, south of Bolgatanga, Upper Region (1962).

Fig. 3: An old Ashanti village within the municipal area of
Kumasi, taken from the air (1976).
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Fig. 1: The Chief's compound at Tenzugu in the Tongo Hills,
Upper Region of Ghana (1978).
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The first part of this book records the indigenous build-
ing methods in Ghana in detail (Fig. 1 to 5). The study of
these methods will show that the “traditional builder”
utilized to his full advantage available materials from his
natural environment — forest, savannah, soil, river banks,
etc. and built houses which were developed from simple
huts to solid buildings and which were suitable for the
tropical conditions of the different climatic zones in the
country in which he lived.

The second part lists and describes possible uses of
Ghana’s locally available natural and processed building
materials and other conventional materials, as well as
production of building materials from wastes. Examples
of uses will also be listed from other tropical developing
countries with similar conditions to Ghana's.

Another section deals with Ghana’s timber. It contains a
catalogue listing over 100 timber species and their uses
or possible uses in construction, carpentry, joinery, etc.
Timber framework details are also included.

The main part of the book explains appropriate construc-
tion technologies from soil investigations, setting-out,
excavations, foundations to roofs and all finishes for a
two-storey building. A section on basic services follows
separately.
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Inside a Talensi compound at Tenzugu in the Tongo Hills.
Sketches by the author (1976). 7




1.1 GHANA

Ghana (Map. No. 1) is situated almost centrally among
the countries strung along the Guinea Coast of West
Africa, between latitudes 4°30°' N and 11°10' N and
longitudes 1°12" E and 3°15’ W, It is bounded on the
west by the Republic of Ivory Coast, on the east by the
Republic of Togo and on the north by Upper Volta. It is not
far away from the Equator. The country extends about
750km from south to north and 480 km at the widest part
from east to west. The Greenwich Meridian runs through
Ghana (at Tema).

The country liesin the tropics and is exposed to the south-
west winds, blowing from the South Atlantic towards the
Guinea Coast, as well as to the north-east trade winds
blowing from the Sahara towards the Guinea Coast. The
first are comparatively cool and moist, the latter hot and
dry. Annual mean temperatures range from 26°C to
29°C, with the lowest near the coast and the highest in
the north of the country. In the north the lowest humidity
is recorded from December to February with the lowest
night temperatures (as low as 11°C during January),
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whilst the highest temperatures are recorded in March,
April (up to 40°C). The annual mean rainfall is shown on
Map No. 2. Map No. 3 shows the vegetation in the
country.

When considering construction technologies appropriate
for a tropical developing country like Ghana it is impor-
tantto “design for the climate” and to utilize the materials
to this effect as well. The designer will also consider solar
radiation in Ghana with the maximum solar angle of
elevation with a value between 55° and 90°. The daily
pass of the sun goes through south in the months
September to March and through the north in the period
from April to August. Details like windows, doors and
roofs will reflect this, as well as the materials proposed
for these details.

Ghana has at present a population of about 12 million of
which the largest numbers are concentrated in the Accra,
Eastern, Ashanti and Volta Regions. It has the most
extensive man-made lake in the world with the lake
formed above the Akosombo Dam by damming the river
Volta (Fig. 6).
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Fig. 6: The Akosombo Dam during
spilling in August, 1968.

Fig. 7: High-rise flats in Westberlin,
Maerkisches Viertel {from:
BERLINER FORUM, BERLIN,
1/71,Das Maerkische Viertel).

Fig. 8: Family gathering in Aviefe,
Volta Region (from the Ho-
Taviefe Survey, Department
of Architecture U.S. T,
August, 1980, sketch by
M. BORTEI-DOKU).




Fig. 9: The “Roman Hill"" area, a part of the City of Kumasi, 1979.

With the establishment of new industries following the
completion of the Volta Project and availability of hydro-
electric energy in the mid-sixties attempts were made to
introduce prefabricated concrete panel systems in the
building industry in Ghana. These attempts have so far
proved unsuccessful, not only due to the steady
economic decline of the country. Designs for “mass-
produced” high-rise flats (Fig. 7) are foreign to an African
society which is based on the extended family system
with strong interaction between communities (Fig. 8 and
9). The social problems caused by these high-rise resi-
dential units especially in European towns have resulted
in a new approach to design in the industrialised coun-
tries.

System building and industrialised building methods for
a tropical developing country could form part of another
study at the appropriate time.

INTRODUCTION - References:

. E.A. BOATENG - A Geography of Ghana (Cambridge University

Press, Second Edition, 1970).

. W. MANSHARD - Afrika — Suedlich der Sahara. (Fischer Laender-

kunde, 1970).

. E.F. SCHUMACHER — Small is Beautiful — A Study of Economics

as If People Mattered. (ABACUS, London, 1974).
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2 TRADITIONAL BUILDING METHODS

To enable an architect to design and detail good but
cheap houses in tropical developing countries he or she
must have a complete understanding of the methods
with which the traditional builder has built his structures.
Ghana, for example, has four main climatic zones which,
as will be shown further on, influenced the indigenous
building methods through different vegetation, soils,
stones etc. in these areas. They are: The coastal plain, the
rain forest, the transitional forest, the savannah.

The traditional building methods in this part are
explained for Northern and Southern Ghana.

2.1 INDIGENOUS BUILDING METHODS IN NORTHERN
GHANA

In the dry and northern half of Ghana the traditional
building methods in mud are still followed throughout
the region, mainly in the rural areas. In the north-eastern
half of this area the buildings are circular and arranged as
cells around an inner yard. The maximum compressive
strength of mud as a homogenous materiat is achieved
through the circular shape of the load-bearing walls.
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Opposite: Inside a Builsa compound at Wiaga, Upper Region,
1978.

Roofs are built conical and thatched over rafters or as flat
mud roofs with a mud parapet. In the western, predomin-
antly Moslem half of the region, rectilinear structures of
interconnected cellular spaces are built with flat mud
roofs. In the Lobi area (Map No. 4) these roofs are
supported by posts, beams and rafters. The mud walls
are not load-bearing like in the other areas of the region.
In the remaining areas of the region one finds a combina-
tion of the two main layouts. There are also Fulani
settlements in places with circular huts constructed from
grass-woven mats tied to posts with conical thatched
roofs from the same materials. In the district and regional
centres of the area most of the buildings are built with
cement-sand blocks, reinforced concrete structural
framework, floor slabs, ceilings and corrugated iron,
aluminium or asbestos-cement roofing sheets over a
timber substructure. The plans of the buildings are
rectangular. The rectangular layout for buildings has also
been introduced in those rural areas where the traditional
layout was circular. Yet the traditional building method
with wet mud walls moulded into layers achieves its best
structural strength through the circular form. In the
rectangular shape erosion with resulting disintegration
starts at the corners of such structures.

Fig. 10: House decorations in a Kassena compound near Nav-
rongo, Upper Region, 1964.
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2.1.1.1 HOUSE CONSTRUCTION

The materials used and the resuliting form of the tradi-
tional buildings point to different socio-economic organ-
isations, activities and religious beliefs of the people in
this region. This is also reflected in the time for building
activities. In the case of the Dagombas (and also Mam-
prusis and Konkombas) where most of the yam in this
region is grown, the months of March and April are
“building months”. In the other areas building activity
may commence on the on-set of the dry season in
November and last until March, especially in places
where extensive decorations are applied to the freshly
plastered walls (Fig. 10).

The men are the builders. They build the walls and roofs
of the buildings. Women begin the building activity, after
the Tindana (the Earth’s custodian) has performed the
appropriate ritual on the chosen site {in the non-Christian
and non-Moslem areas), by weeding and sweeping the
space marked out by the compound owner for the build-
ing. The swept site is then watered thoroughly. After the
men have completed the wall construction and built the
roof (a co-operative effort by the clans), the women
plaster the in- and outside of the buildings, lay and beat
the floor and apply decorative finishes to the walls. The
Dagombas and Gonjas do not plaster their buildings,
decorations are applied only around door openings.
Their structures have a much shorter life span (about 4
years, unless annually maintained). A plastered and

|

FOUNDATION TRENCH FILLED WITH RAMMED FOOTING OF BOUL-
DERS AND SMALL STOWES OR SHALLOW DUG,WELL RAMMED
TRENCH WITH FIRST LAYER OF MUO BALLS OR BASE OF
WALL STARTED ON SWEPT AND WETTED GROUND
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CONSTRUCTION OF WALL WITH 000R FRAME
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Fig. 12: A Talensi farmer moulding mud balls for house con-
struction. In the background is part of a completed wall,
1976.

Fig. 13: A Talensi elder finishing one course of the wall of a new
house in his compound, 1976.

Fig. 14: Entrance to a house in a Builsa compound at Wiaga.
Note the small low screen wall just inside the entrance
opening and the carefully finished floor of in-laid cala-
bash and pot shards at the entrance, 1978.

WALLS

Laterite or soils containing clay (dug from pits near the
building site) or alluvial soil from riverbanks are used as
material. Organic matter and stones are removed. The
material is then mixed with water, kneaded (with feet)
until it is smooth {Fig. 11). Fine, sharp riversand or gravel
may be added as a form of aggregate. The material is then
rolled and formed into balls (Fig. 12). In some areas the
wall will have a small foundation, dug about 150 to
300mm deep, rammed and filled with stones or a first
layer of mud balls. In other places the wall is started on
the swept and wetted ground. It is constructed in layers,
each approximately 300 to 400 mm high from a thickness
of about 350mm at the foot of the wall to 200mm at the
top. The mud balls are worked and moulded by hand and
after one layer is completed, grooved with the thumbs at
the top for bonding with the next layer (Fig. 13), normally
laid the next day after the first layer has been allowed to
settle and dry.

DOORS

The traditional circular house has no door. The entrance
into the house is an opening, cut into the wall with a
cutlass by the builder after the construction of the walil
has been completed. The ethnic groups have different
sizes and shapes of openings as can be seen from the
illustrations (Fig. 14, 15). In some cases already timber
door frames are fitted into the wall during construction to
receive door stops and an inward opening boarded door
of about 1.50m height (Fig. 16).

Fig. 15: A Zana-mat door put against the entrance opening from
the inside of a house in the same compound.

23




A
Fig. 16: Door opening with an inward opening boarded door to

a house in a Kusasi compound at Binaba, Upper Region,
1964.

Fig. 18: Window opening in a Nankansi com-
pound near Sirigu, 1978.

Fig. 19: Window opening in a Kassena com-
pound near Navrongo, 1964.

Fig. 17: Ventilation opening under the thatched roof of a kitchen
in a Kusasi compound at Zebila, 1968.

WINDOWS

The traditional round house has no windows. Ventilation
is achieved by lifting the “roof skin” with a bent wooden
piece in form of a knee which is inserted under the roofon
top of the mud wall opposite or above the entrance
opening (Fig. 17). In the case of a flat mud roof a clay pot
without bottom is inserted into the mud layer during
construction of the roof, also at a position opposite or
above the entrance opening. The top of the pot can be
covered with a calabash or another pot during rain. Both
“openings” admit light and achieve vertical ventilation
through the stack effect. In rectilinear structures in some
areas small wooden framed and boarded windows have
been introduced (Fig. 18 and 19).

24



ROOFS

1. THE THATCH ROOF

This refers in most cases to the conical thatch roof over a
round house, but in some places of the region (especially
in the Nabdam and Kusasi ethnic areas along the Bol-
gatanga-Bawku road) to a thatch roof with ridge over a
rectangular house.

Due to the limited structural properties of the materials
used roof spans are rather short; buildings normally have
a width or diameter of around 3 metres. This can be
extended by introducing different methods of support.

The traditional conical thatch roof (Fig. 20) has a sub-
structure of four main bush pole rafters (normally from
the Shea-butter tree — Butyrospermum Parkii — a heavy
termite-proof timber) about 2.5m long and 75mm in
diameter bedded into the top of the wall, forked and tied

FiG.20 : BUILDING OF THE SUB-STRUCTURE OF A CO-
NICAL THATCH ROOF

)
&

PLACING OF & MAIN RAFTERS ON MUD WALLS,
2,5m LONG ,#75mm ,T0 REST IN PREPARED
HOLES,2 RAFTERS W|TH FORKED ENDS.

SMALLER RAFTERS O0F #50 rﬁm ADDED AS
FILL-IN,ALL TIED TOGETHER AT TOP END
WITH KENAF FIBRE .

PURLINS OF YOUNG NIM TREE BRANCHES OR
GRASS ROPE PURLINS BOUND WITH KENAF
FIBRE AND TIED TO RAFTERS .

at the top ends with Kenaf fibres. These rafters form a
radial frame together with smaller rafters (of 46mm
diameter). They are stabilized by a number of 50mm
diameter grass-rope purlins or purlins roped similarly
from young Nim tree branches (Azadirachta Indica) tied
together and to the rafters with kenaf fibres. The lower
third of the roof is then covered with a Zana-mat (Fig. 21)
which is woven from grass (Andropogon Gayanus) a
grass growing up to 3.5m in length in the coastal and
interior savannahs and used in the North for weaving
rough mat walls, screens for openings and protection
against wind etc.). On top of the Zana-mat the roof thatch
(from dried spear grass — Heteropogon Contortus, or
another common savannah grass — Imperata Cylindrica)
is laid in layers, “sewn” with Kenaf fibres through the
Zana-mat to purlin ropes and rafters. The thatch is tied
together at the apex, sometimes kept fixed into place with
a bowl without bottom or an overturned pot or grass
ropes and sticks (Fig. 22). The upper layer of the thatch
near the apex is in some areas again a Zana-mat.

The largest safe span of a conical roof constructed in this
fashion is 4-5 metres, with an additional centre supportin
form of a post which is placed beneath the junction of the
rafters. Large rooms are rare, however, since it would
already be difficult to find the necessary longer rafters for
such span.

Fig. 21: A thatch roof in a Kusasi compound from the inside.
Note the arrangement of the Zana-mat on the lower
section of the roof and the grass purlins tied to the
rafters, 1974.
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2. THE FLAT MUD ROOF

This type of roof is built by the Talensis (Fig. 23), Frafras,
Nankansis (Fig. 24 and 25), Kasenas and Builsas, as well
as by the people living in the north-western part of the
region (described separately). The walls are {oad-bear-
ing, they fully support the roof beams, except in places
like the roofed-over wet season kitchen of the Nankansis
which is built against another house.

Timber used for construction is from the Shea-butter tree,
which is termite-proof. One layer of beam-poles is sup-
ported on the walls, thinner rafters are laid across these
about 100mm apart. On top of this layer small pieces of
split poles or twigs are laid in a cross-wise direction, very
close together. The next layer is about 250 mm thick from
well-kneaded mud or clay. The finish is a screed of a
mixture of mud or clay, fine sand, cow-dung and the
residual meal from the Shea-butter-nut during extraction.
The surface is finished off with a varnish which is pro-
duced by boiling the empty pods of the Dawa-Dawa tree
(West African Locust Bean tree, Parkia Clappertoniana).
The mud layer of the roof is given a fall, so that the roof
sheds rainwater easily through spouts (from metal
sheets, wood or openings left in the wall). A parapet wall
from mud is built around the roof. The roof is, in many
areas, used for storage as well as for sleeping during the
hot months at the end of the dry season {March, April).

e

3

Fig. 23: Roofscape of the Chief's compound at Tenzugu in the
Tongo Hills, 1972.
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Fig. 22: A fresh roof cover on a Kusasi house at Zebila, 1976.

Fig. 24: A portion of a flat mud roof in a Nankansi compound
near Sirigu showing two built-in pots without bottom
acting as ventilation and light opening, 1972.

Fig. 25: Roofs of the same compound with ancestor’s shrine in
the foreground covered with a thatch roof, 1972.
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Fig. 26: A talensi woman preparing a wall for plastering in
Tenzugu, 1978.

WALL FINISHES

Walls are plastered in-and outside with a mixture of cow-
dung, mud and the juice from the boiled, empty Locust
Bean tree pods (Fig. 26, 27, 28, 29). This extract (some-
times the bark is also boiled in addition) acts as a plaster
hardener and stabilizer, and forms a firm waterproof
layer on the external surface, when it is sprayed on with a
brush after plastering. The wall finish, as mentioned
before, is the work of women, who have, in the different
ethnic groups, developed high artistic skills in decorating
the finished walls. These decorations are incised patterns
(applied with flat or pointed pebbles or fingers), moulded,
painted or a combination of different techniques (Fig. 30).
Dagombas and Konkombas have no surface decoration,
but embed cowrie-shells or broken china (or whole
plates) into the mud above the entrance opening to the

Fig. 27: After the plaster has been applied another woman
smoothens the surface with a flat stone.

Fig. 28: A Builsawoman in polishing the dried plaster with a flat
pebble (Wiaga, 1978).

round houses or embellish the complete openings. In
Dagombaland this decoration symbolizes the house
owner’s wealth. Openings which are to receive such
decorative treatment are first plastered (mixture of mud
and cow-dung, Fig. 31 and 32). Another method of finish-
ing a wall is used by the Konkombas. They grind shells
collected from the banks of the river Oti (which passes
through their area) and mix the obtained lime with cow-
dung. This “limewash” hardens the surface of the walis,
makes it impervious to rain and gives the Konkomba
houses their characteristic white, rather concrete-like
appearance.

In the Nankansi area the women decorators polish the
painted surface of the wall with flat stones (granite or
pebbles) until the appearance is that of a wall painted
with glossy oil paint (Fig. 33 and 34).

Fig. 29: Granite and Basalt stones from the Tongo Hills, used for
the plastering and polishing, 1982.
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Fig. 31: Broken china and whole plates embedded in the plaster
around a door opening of a Dagomba compound near

Tamale, 1981.
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Fig. 32:

28

Dooropening decoration of a Dagomba compound near
Tamale, 1981. Note the change of decoration from Fig. 31

due tothe inability of the farmers to get china and cowry
shells.

Fig. 34: A Nankansi woman brushes a newly decorated wall in
her compound with the decoction of the Locust Bean
tree pods before she will polish the wall with a flat
pebble, which can be seen on the stool in front of her
(Sirigu, 1978).

Opposite: Fig. 33: A freshly decorated Nankansi house in acom-
pound near Sirigu. The walls are also polished. Note that
the decoration is applied aiso to the roof upstand of the
kitchen next to the house, 1978.






FLOOR FINISH

The last job is the laying and finishing of the ficor. This
work is again done by the women of the compound and it
extends to laying the floor not only in the rooms but also
in the actual compound yard outside the houses up to the
walls which encircle the inner yard of the compound in
which the granaries are placed and sheep, goats, cows
and poultry stay during the night. Mud or laterite is mixed
with fine sand collected from riversides. Cow-dung solu-
tion or in some places a mixture of sand and cement is
sprinkled over this layer of mud or laterite (average
screed thickness about 20 to 40mm) which is laid straight
on the swept and wetted ground. The cow-dung solution
has been left to soak in water for about three days. A
group of women then beat the floor with special wooden
implements or flat stones in unison amidst singing, for
about two to three hours (Fig. 35). The resulting floor
finish is a smooth, hardwearing surface. The extract from
the boiled empty pods or bark of the Locust Bean tree is
sprinkled daily on to the finished floor for two weeks. This
hardens the surface further, makes it waterproof and at
the same time gives it a pleasant, rustic, reddish appear-
ance. The outside floor is laid to fall to enable surface
water to drain off easily, usually through an opening at
the base of a bathroom wall to the outside of the com-
pound.

FLOOR POUNDING IN NORTH GHANA

FIG.35 :

30

2.1.1.2 FULANI COMPOUNDS

In some areas of the north Fulanis (who are nomads) have
settled; they still pursue their traditional profession as
cattle herders. One can find their settlements in Zongo-
sections of Bolgatanga, Tamale, Bawku or in villages in
which cattle are raised.

Their house structures are different from those of the host
villages or towns in which they live. The structures reflect
their life style. Although they may have settled perma-
nently in the chosen area, their houses appear like large
tents. Wooden poles are anchored into the ground,
arched over to meet and be fixed at the apex (the layoutis
more or less circular). This structural framework is
covered on the out- and inside with rough woven grass
mats (Zana-mats) held in place with branches and mud.
Towards the apexlayers of thatch are added on top of the
mats similar to the indigenous conical thatch roof finish.
From_ the outside such a house resembles the traditional
circular building but its structural system is completely
different; it reflects a lightweight shelter which can easily
be removed and assembied elsewhere (Fig. 36). The
arrangement of individual compound units placed
around an internal courtyard is similar to the compound
arrangements in the northern part of the region; their
linking walls are also made from woven grass mats.

0
7,

N

1)




PLAN ,SECTION AND ENTRANCE DETAIL OFA
FULANI HOUSE NEAR GWOLLU, UPPER REGION

FIG.36 :
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- A KUSASH GRANARY OUTSIOE A COMPOUND
AT BINABA - SKETCH BY THE AUTHOR, 1976 .
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SECTION

A — WOODEN POLES BENT AND FIXED AT APEX
B —WOVEN GRASS MATS FIXED TO STRUCTURAL FRAMEWORK FROM
THE OUTSIDE ( AND SOMETIMES INSIDE ) UP TO DOBR LEVEL.

C —WOVEN GRASS PURLIN ROPES TIED TO POLES. AT THE APEX
AN ADOITIONAL PURLIN IS FIXED INSIDE TO HOLD THE TOPS
OF THE BENT POLES INTD PLACE.

D —THATCH LAYERS TIED T0 PURLINS

E —HIDES ARE ALSO USED AS ROOF COVERING

F —T0P OF BED USED FOR STORAGE

G —POST AND BEAM STRUCTURE OF BED AND CANOPY

2.1.1.3 GRANARIES

The importance attached to the place in which the basic
food items are stored which the northern farmer harvests
from his farm can be seen from the high level of profi-
ciency in the indigenous construction methods used for
the construction of granaries (silos, barns). Maize, millet,
guinea corn and rice are stored in these structures. in
areas where the animistic tradition is still followed the
main granary of the compound is the place in which the
soul of the compound owner lives during his lifetime. Itis
the location of this granary which is fixed by the Tindana
(or Earth’s custodian) first and all the other buildings of
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Fic.38 : FOUNDATION BF A KUSASI GRANARY SHOW-
ING THE CROSS - LAYER OF SHEA-NUT TREE PO-
LES SUPPORTED ON LARGE GRANITE BOULDERS-
SKETCH BY THE AUTHOR , 1976 .

31



2000 Y0 2500

L

550

THE GRANARY I'S SHOWM WITHOUT COVER . AFTER GRAINS ARE STO-
RED INSIDE ,IT WILL BE COVERED WITH THATCH.

THE WALLS ARE BUILT FROM A RICH MIX OF MUD, COW DUNG AND
CRUSHED STRAW OR FROM WOVEN GRASS MATS COVERED THICKLY
WITH SOFT MUD AND COW DUNG .

EXTERNAL SMOOTH MUD PLASTER FINISH WITH LIMEWASH 0B -
TAINED FROM GRINDING SHELLS FOUND ON RIVER BANKS .

MOULDED MUD RING ARDUND GRANARY FOR SUPPORT OF THATCH
COVER .

700 mm @2000 mm

F16.39 : PART PLAN, SECTION AND ELEVATION OF A
KONKOMBA GRANARY AT WAPULI

the compound are laid outin relation to it. This traditionis
still followed, as investigations in the field revealed, even
in areas where Christianity has penetrated.

The granaries are built from wet mud in the same way as
the circular houses are built, on top of a well designed
foundation from large stones (solid) or stones together
with a system of cross beams from the Shea butter tree
on top (to allow ventilation to pass under the silo). The
walls taper off towards the opening at the top which is
covered with a woven thatch “lid” (Fig. 37 and 38). The
average capacity of the mud silos is 1% to 2 tons — the
Frafras, Kusasis and Builsas have built silos with larger
capacities. The Konkomba silos (for threshed and
unthreshed grains) are distinctive structures (Fig. 39).
They are builtin large pot form from coarse woven basket
work which is thickly covered with a mixture of soft mud
and cow-dung on both sides. They are supported on three
or four large granite blocks with a flat stone as base laid
over. The externally applied thick solution of mud and
cow-dung is also smeared over the base stones. The
outside of the granary is finished with limewash (the lime
is obtained from grinding rivershells). In the interior of
the silo divider walls of mud (about 100mm thick) are
built for stabilization of the structure. The Konkomba silos
are larger than the similarly constructed Mamprusi bas-
ket granaries. The circular barns of the Mamprusis and
Dagombas (as well as those of the Gonjas) are built for
the storage of unshelled late-millet, guinea corn,
bambara beans, yam and sweet potatoes. The grain is not
stored for very long in these barns (Fig. 40). It is removed
as the threshing proceeds and then transferred to the
permanent granary. Normally four large granite stones

32

INTERIOR STABILIZING AND DIVIDING WALLS .

OUVADRUPAL BASE OF FOURLARGE GRANITE STONES SUPPORTING A
FLAT GRANITE SLAB . EXTERNAL PLASTERING CONTINUES OVER THE
BASE STONES .

(placed to form a square inside a marked circle) carry a
wooden platform from bush poles. About 12 poles with
forked top ends are dug into the ground around the
platform. At the top they are tied to a thick grass rope
(which acts as “wall piate”). The inside (floor and wall) is
covered with coarse woven grass mats which are fixed to
the poles. An additional thick woven grass mat is laid on
the floor. The thatch roof is built in the same way as has
already been described.

C GRASS MAT WALL OF BARN
D FASTENING ROPES

E TIMBER PLATFORM

F PLATFORM COLUMNS

G MAIN COLUMNS DF BARN

A THATCH ROOF FIXED TO POLE
RAFTERS AND GRASS ROPE
PURLINS

B GRASS ROPE PURLIN FIXED T0
FORKED COLUMNS TO HOLD
TOPEND OF BARN TOGETHER

FiG.40 : DAGOMBA CIRCULAR BARN AT KAMBONAYILI

NEAR TAMALE ( Fic. 39 AND 40 FROM"TRADITIONAL
AND MOOERN GRAIN STORAGE STRUCTURES"BY THE AUTHOR)




T
W

O SUNYANI

OKUMASI

KOFORIDUAO

CAPE COAST

SEKONDI -
TAKORADI(

A

Fig. 42: External walls of a Lobi compound near Sawla, Northern
Region, 1962.

2.1.2 TRADITIONAL BUILDING METHODS IN THE NORTH -
WEST OF GHANA - r16.41

Fig. 43: Entrance to the same house.

WALLS

In this area of the country floor plans of buildings are
more or less rectangular. In the Lobi-house with its
covered internal courtyard, walls are laid out rectilinear to
enclose interconnecting spaces. They are built in the
same way as the circular house walls in the North-east of
Ghana, that is: moulded in layers with wet mud balls or
with sun-dried mud bricks or in some cases also with
dried mud clods from old, broken down buildings. The
walls are, however, thicker {average 400mm). The sepa-
rate layers, if built with mud bails, are clearly recogniz-
able, since the next layer overlaps the previous layer so
that the external appearance (the inside walls are plas-
tered and finished smoothly) is that of an exaggerated
horizontal feather-edge boarding (Fig. 42 and 43). The
Lobis support the flat mud roof entirely with a post and
beam arrangement {(which will be explained later). The
walls are therefore not load bearing. Room widths do not
exceed 2.5 to 3 metres. Each room is in itself an indepen-
dent structural entity, as can be seen from the part-plan of
a Lobi house (Fig. 44). It is easy to understand the internal
layout of such a house when one stands on the flat roof.
The non-load bearing walls project in the form of para-
pets (about 250 to 300 mm high) beyond the roof surface
(Fig. 45). The Lobi house walls are exposed to fewer
stresses compared to the load-bearing walls of the other
ethnic groups in the area, where the flat mud roof is
supported on these walls with its beams and rafters
bedded into the mud of the wall. Corners of such build-
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ings, unless reinforced, cannot transmit the forces to
which the walls are subjected. Early deterioration is the
result. From the 16th century onwards when Islam was
introduced in West Africa and also in the present North-
west region of Ghana through traders and migrants from
North Africa and the Sahel area the method of construct-
ing heavy buttresses to reinforce wall corners and walls
found its way into this area with the mosque buildings
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{(Fig. 46) and was also adopted by most of the people
along the present Lawra-Wa-Bole-Bamboi road, part of
the historic north-south trade route, with exception of the
Lobis (Fig. 47). From this it can be seen that “foreign in-
fluence” in the North is restricted to a comparatively
small area. A combination of both construction methods
has developed at the same time and can be found in the

buildings of the Gonjas, Dagartis, Walas and others.
ﬁ Fig. 45: Roofofthesamecompound.
; Note the grain silos protrud-
ing through the flat mud
roof, and the low parapet

around the roof.

Opposite: Fig.46: The Friday mosque
at Larabanga, Northern
Region, 1962.






Fig. 47: Gonja houses at Bole, 1962.

DOORS AND WINDOWS

Due to the rectilinear layout of the buildings in this part of
Ghana entrance openings to rooms (or to the house inthe
case of the Lobis) are more or less rectangular. They are
covered or closed with thick mats woven from grass
(similar to the Zana-mats), or have already a doorframe
with an inward opening boarded door (Fig. 48). Windows
were not normally part of the traditional house or com-
pound. They have been introduced during the last 25
years. Own field studies undertaken in the area in 1961
showed very small window openings (boarded casement
windows in a timber frame) in some houses of the
Gonjas, Walas, Dagartis and Lobis. During the documen-
tation survey which the Department of Architecture stu-
dents undertook in 1975 in Gwollu in the Northwest of
Ghana close to the border with Upper Volta, it was found
that nearly all buildings in this rural community had small
windows.

ROOFS

As already described under “Walls” the flat mud roofs
{the conical thatch roof, which is quite alien to this region,
is found occasionally in Lobi compounds) are built with a
supporting bush pole substructure of posts and beams or
beams and rafters from the Shea butter tree bedded into
the mud wall. The posts have forked ends at the top and
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2 POT WITHOUT BOTTOM INSERTED IN
- - THE ROOF FOR LIGHT AND VENTILA-

“ensuusen i @ 5 : TION .ABOWL IS PLACED OVERIT
DURING RAIN.

: ':_[—*‘—SEREED OF MUD AND COW DUNG WITH
SHEA BUTTER TREATMENT

TWIGS AND SPLIT BUSH POLES
BUSH POLE RAFTERS

ot - POLES AND BEAMS FROM SHEA NUT
TREE BRANCHES (BUTYROSPER M UM
PARKII )

! BEAMS AND RAFTERS SUPPORTED
S ON WALLS

! [ MUD RENDERING

RAMMED GRAVEL OR LATERITE WITH —=itin:
BEATEN SCREED OF MUD AND SAND

TREATED WITH LOCUST BEAN POD
VARNISH

INAGONJA HOUSE AT LARABANGA - sketch
BY THE AUTHOR ,1952.

carry the beams. Across these are laid smaller poles
(rafters) at a distance of 100mm apart in two layers. Over
these follows a layer of crosswise arranged, closely laid
twigs or small split poles. A layer of about 200mm thick
well kneaded mud or clayey soil is put on top of this. A
finish of a mixture of mud, cow-dung, sand and the
residue from shea butter during extraction is applied to
the mud layer and brushed with the liquid obtained from
boiling the Locust Bean tree pods. A pot without bottom
is inserted into the mud roof in places to let in light or for
extraction of smoke. It can be covered with a calabash or
bowi during rain. The mud roofs are laid such that they
drain off rainwater easily through spouts let into the smail
parapet wall which normally surrounds the roof (Fig.
49).

i

TONE BASE UNDER POSTS WITH

FIG.49. SECTION THROUGH A MUD ROOF SUP -
PORTED ON A POST AND BEAM SYSTEM
ORONTHE MUD WALLS OF THE HOUSE
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WALL FINISHES

Only in areas where cattle are raised is cow-dung avail-
able as the smooth cohesive agent for the traditional mud
plaster, and this applies only to a part of the region. For
example the Gonjas, who do not have cattle, will only
apply an additional mud coat to the completed walls. The
Lobis finish their external walls smoothly during building
in the described overlapping fashion. Due to the absence
of proper plastering buiildings tend to deteriorate quicker
than in the Northeast of Ghana and need very regular
maintenance. The only decorative treatment of wall sur-
faces in form of “herring-bone” or round patterns is
applied with fingers by the Gonja women into the
rendered walls, especially around door openings (Fig.
50). The Sisalas and Walas use decorations over door
linteis or in the roof parapet by arranging sun-dried mud
bricks in such a way that they form trianglies {(which can
also be found over the entrances into the mosques in this
area) which give the appearance of a , perforated” wall.

FLOOR FINISH

The floor finish is applied quite similar to that in the
northeastern part of the country, and also beaten with
wooden implements or with wooden rams by the women
of the compound builder’s family.

Fig. 50: Decorations around a bedroom door in a Gonja com-
pound at Larabanga, 1962.
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2.1.2.1 GRANARIES

With the exception of the Lobi silos the granaries in this
area are not of such striking features as those of the
Frafras, Konkombas or Kusasis in the Northeast of the
country. The Gonja farmer grows mainly guinea corn and
groundnuts. The large circular barns for storing the
unthreshed corn are placed near the farm and built from
grass mats similar to the Dagomba barns. In the com-
pound the threshed corn is stored in large baskets inside
a store and the groundnuts in small baskets, smeared in-
and outside with mud and covered with thatch, which are
placed on wooden platforms inside the compound yard.
The Lobis build cylindrical granaries over a square base
tapering off towards the top, from a thick mixture of mud,
cow-dung and crushed straw (from dried guinea corn or
millet stalks). The neck is covered with a thatch “hat”.
They locate the granary outside the external compound
wall. A roof is built around the neck of the granary
(threshed grain is stored and taken out from the top). Like
this the granary is incorporated into the house when new
rooms are added to it (Fig. 51). Similar to the Konkomba
granaries divider walls which at the same time act as
reinforcement of the granary are built inside. For the
unthreshed corn square mud silos covered with a thatch
roof are built near the farm (Fig. 52).

Opposite: Fig. 53: Part of old Accra in James Town, 1969.

O —————

APEX DETAIL OF GRANARY :

CROSS STICKS THROUGH THATCH TIED DOWN
TOGETHER WITH TOP OF THATCH WITH ROPES
MAOE FROM BUNDLES OF GRASS

ri6.52 SQUARE LOBI GRANARY WITH
CONICAL THATCH ROOF

T

2.1.3 SUMMARY

In the Savannah mud has always been a universal build-
ing material, its plastic form and moulded application
resulting in a unique architecture. In addition the circular
mud wall is a structure which consequently achieves the
fundamental principie of building construction: The sta-
bility of the structure.

Since building is a co-operative effort of the whole family
or clan in this area, the technology with which this is
achieved is known to everybody. A farmer does not
engage skilled or specialized craftsmen to build his
house. He and his brothers and sons are skilled them-
selves. And to what high level can be seen from the
optimum use of mud as structural material in the building
of his granaries, especially among the Konkombas, Fraf-
ras, Kusasis, Builsas, Mamprusis and Lobis.

39



2.2 TRADITIONAL BUILDING METHODS IN SOUTHERN
GHANA

From the map of Ghana it can be seen that the Northern
part of the country, described in the foregoing chapter as
dry, hot and arid, begins north of the Volta River and Volta
Lake.

The Southern part of Ghana, with different climatic zones,
predominantly hot and humid (the coastal savannah, the
mountain area of the Volta Region, the moist semi-
deciduous forest zone, the transitional forest area, the
rain forest and Guinea Savannah), begins roughly to the
south of the Volta River and Volta Lake. This conforms
also with the chart of the average annual rainfall, which to
the north of the Volta River and Lake is about 1.15 to
1.20m. To the south of this line the rainfall increases
rapidly to the highest amount of above 2.00m in the rain
forest area. It decreases again drastically to less than
0.75m in the Accra area—1t0 0.90m and up to 1.75m in the
coastal plain and coastal savannah from Sekondi to Ho
(see Map 2).

Agriculture, from subsistence level to larger scale farm-
ing, dominates life in the North. The South is an area of
very different activities. The early trade with gold,
diamonds, timber, later cocoa, different types of miner-
als, as well as agriculture, brought in foreign influence
from other Continents into the country. There were two
main- directions and factors of influence — the already
mentioned spread of Islam and with it Moslem penetra-
tion from the North with the islamized Dyula traders from
Djenne (city state on the Niger) and the Western Sudan in
the 15th century who established the Gonja state, and the
European penetration from the South which started with
the foundation of EImina in 1482 by the Portuguese.

The influence from the fortified trade posts to the settle-
ments and towns around them along the coast (Fig. 53)
and from there to the interior, and later the Christian
missionary influence, brought certain elements and
details into the traditional building methods, like the
timber verandah, louvered timber shutters, stone wall
construction and walls from sun-dried mud bricks or later
burnt bricks. These “imported” styles and methods were
fully assimilated into the indigenous forms and ways of
building.

In the Southern area of Ghana the traditional timber
framework can be found with wattle and daub construc-
tion, as well as houses built with the Atakpame method or
walls of stones, sun-dried bricks from lateritic soils and
burnt bricks. Traditional roofing is thatch from different
materials or in a few fishing villages flat mud roofs or
roofs from split bamboo. The house plan is rectangular,
roofs are quite steeply pitched (except when flat mud
roofs) and gable-ended. With increasing outside influ-
ence which brought in imported materials and tech-
nologies one can trace certain stages of development in
the building methods. A shelter of bamboo posts and
beams roofed over with thatch or palm leaf fronds is built
and used for a covered cooking area and serves at the
same time as general storage and for drying corn cobs
(Fig. 54 and 55). Built as a “lean-to” against the house it
serves as an animal shelter. The method of construction
with split palm fronds is used for bathrooms (Volta
Region) and kitchens. The bathrooms are open shelters,
the kitchens timber framework structures with a thatched
roof (Fig. 56 and 57). Palm leaf fronds as well as bamboo
are also used as fencing material. The Ewe fishermen
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FIG.54 : CﬁVEREDﬂtﬂﬂKING AREAFROM BAMBOO IN
AVIEFE -TAVIEFE ,VOLTA REGION

settled along the Coast use cocos-nut palm fronds, leaves
and trunks for their buildings. The next stage is the wattle
and daub construction (Fig. 58), spread throughout the
area, followed by the Atakpame building — from wet mud
balls mouided in layers similarly to the wet mud wall
construction of the North (Fig. 59). This method was
chosen in many areas after it was found that the wattle
and daub method was more tedious, required more skills
and that termites were moreover attacking the timber
framework and reinforcement of the wattle and daub

g

Fig. 55: Bamboo shelter in Kuntanase, Ashanti Region, over an
outdoor cooking area, serving also as corn storage,
1979.
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F16.56 : BATHROOM SH~ELTER FROM SPLIT PALM
FRONDS - TAFIEVE,VOLTA REGION

wall, causing early deterioration and collapse. Whiist the
house built from wattle and daub still has a thatch or
shingle roof, the Atakpame house is covered with corru-
gated iron sheets on a timber sub-structure. Following
this method was the construction with sun-dried mud
bricks bonded with mud mortar or already cement-sand
mortar, and roofed with iron sheets (Fig. 60). Stone wall
construction has not been common, but can be found in
the Akwapim area, the Western Region, Accra and Cape
Coast. The last stage is the construction with blocks (from
sand and cement). With the introduction of corrugated
aluminium and asbestos-cement as roofing sheets this
stage is the beginning of a new technology in building
construction (Fig. 61).
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Fi16.57 : KITCHEN BUILDING WITH PALM FROND WALLS
INAVIEFE,VOLTA REGION

In the rural areas where the farmer or fisherman or
craftsman is his own builder (with exception of some
areas in the Ashanti and Brong-Ahafo regions) the tradi-
tional methods are still used, at the same time modern
methods are becoming familiar. The house owner may
have one next to the other type of building (from palm
fronds, wattle and daub, Atakpame and sun-dried mud
bricks) in his compound. The view from above a typicat
Volta Region village or the “roofscape” of it reveals the
types of building methods being used (Fig. 62).

The following parts show in detail the traditional ways of
construction in some typical areas of this part of the
country.
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Fi16.56 : WATTLE AND DAUB WALLS
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SEKONDI -
TAKORADI

2.2.1 THE MOUNTAIN VILLAGES IN THE VOLTA
REGION

As did so many people across the vast African continent
the Ewes also migrated from other areas to their present
homeland. Itis believed that the Akans, the Dahomeyans,
the Adas, the Gas and the Ewes settled long ago together
on the river bank of the river Niger near Timbuktu. When
the great ancient empire of Songhai broke up about 1594
a large migration began.

The Ewes, after various "intermittent stations”, finally
settled in Notsie, a walled city in the present Republic of
Togo on the road between Lome and Atakpame. To
escape the tyranny of the oppressive ruler Agokoli
another migration took place in 1670 in different direc-
tions towards the West, resulting finally in the settlement
of the Ewes in their present areas of Ghana in the Volta
Region.

From Notsie, the walled city, the Ewes knew the method
of building solid walls from mud in the “Atakpame” way.
The large walls of Notsie, which they managed to break
down at one place in order to escape, were built from
mud. There are still remains today of this wall in Notsie.

Ewe building methods were described by J. Spieth in
“Die Ewe-Staemme” (1906) also as wattle and daub walls
with flat mud roofs supported by a timber framework in
the Ho area. Early photographs of Akpafu (in the North of
the Volta Region) show an interesting detail of thick
thatch roofs with a low mono-pitch being supported by
posts and beams. The posts are placed outside the house
walls so that these are not load-bearing (Fig. 64). Spieth
describes that the wattle and daub walls were, when
completed, plastered by the women on both sides. The
men then laid and beat the floors after the walls were

Fig. 63: The mountain villages in the Volta Region (from the
Ho — Taviefe Survey, Department of Architecture U.S.T.,
August, 1980, sketch by B. K. ACHEAMPONG).

Overleaf: Fig. 62: Biakpa in the Volta Region, as seen from
Amedzofe, 1981.

finished. It is interesting to note that the same timber
species are still being used today for such constructions
and building of the roofs in the villages of this region as
recorded at the beginning of this century by Spieth. No
doubt the traditional building methods of the Ewe people
have over the years been influenced by the missionaries
since the establishment of the Bremen Mission (E.P.
Church), the Catholic Church Mission and by the Ger-
mans during the colonial days.

HOUSE CONSTRUCTION: FOUNDATIONS

Three types can be recorded, of which the first type,
normally used for a house constructed with wattle and
daub walls, can be described as a rammed raft frounda-
tion which at the same time is the floor slab of the
structure.

Fig. 64: Akpafu in the Volta region at the beginning of this
century (from “DIE EWE-STAEMME" by J. SPIETH,
1911).
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F16.65 . RAMMED LATERITE FLOOR IN AVIEFE

1. RAMMED LATERITE FOUNDATION:

The house owner will try to use lateritic gravel or sand for
the slab. In most locations of the region this should not be
difficult, the soils in the mountain areas are Regosolic
Groundwater Laterites with Laterite-Ochrosol Inter-
grades and Forest Ochrosols, with shale, sandstone,
weathered sandstone, phyllite and quartzite underneath
or exposed.

This lateritic soil with an added aggregate of sand or
gravel is mixed with water and left to set for about two
days. A shallow framework of Banana or Plantain stems
(cut down after the fruit has been harvested) is laid. The
mixed soil is then placed into this area and beaten flat
with a wooden implement. At the same time the posts for
the roof structure and vertical timber members of the wall
are fixed into the ground through the slab, so that the
floor slab is finished together with this framework (Fig.
65).

2. STONE STRIP FOUNDATION:

In this area stones are available in abundance. They are
quite carefully selected in the correct shapes to fita trench
about 500mm deep and 300mm wide after profiles with
strings have been erected at the four corners of the
building to achieve a more or less straight rectangular
layout (Fig. 66 and 67). The bonding is done with soft mud
and sand mortar (Fig. 68) or nowadays with cement-sand
mortar.

3. SHALLOW SOLID MUD FOUNDATION:

Shallow trenches are dug about 150 to 250 mm deep and
about 300mm wide. The builders begin the first wall
course of the Atakpame wall structure from this level, so
thatin the true sense of the word one cannot describe this
as a foundation any longer, since it is already part of the
wall.

WALLS

There are three typical types of wall construction in this
area, the wattle and daub wall, the Atakpame wall and the
wall from sundried bricks.

1. WATTLE AND DAUB:

Holes are dug into the ground at regular intervals after the
desired shape of the building has been marked out with

THE FORMWORK FOR THE FLOOR SLAB IS FIXED
OUTSIDEOR INSIDE THE VERTICAL POSTS WHICH
SUPPORT THE ROOF . THIS TYPE OF STRUCTURE

IS NORMALLY USED FOR OUTSIDE COOKING
AREAS .STONES ARE LAID ALONG-
SIDE THE SLAB WHEN THE
FLOOR &S DRY.

the help of pegs and strings. The vertical posts which are
to carry the roof structure are inserted into the holes and
stabilized with stones rammed around them at the base.
This process goes on together with the laying of the floor
{foundation) slab. For the timber framework, as well as
for the main roof structure the wood of the Fan Palm
{Borassus Aethiopum) is used. The Raphia Palm (Raphia
Hookeri) wood and the rachis petioles of the leaves are
also used for posts and beams. Leaves of this palm tree
are used for thatching as well. For the horizontal and

Fig. 67: Foundation wall of a kitchen in Aviefe (from the Ho —
Taviefe Survey, Department of Architecture U.S.T.,
August 1980, sketch by B. K. ACHEAMPONG).
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"4 SOIL EROSION 1

SOIL EROSION UNDER FOUNDATION- fic.68

SOIL EROSION UNDER SHALLOW STONE FOUNDATION DUE TO UNPROTECTED
GROUND AROUND BUILDING IS CHECKED WITH THE CONSTRUCTION OF AD-
DITIONAL STONE FOUNDATIONS OR A NARROW MASS CONCRETE STRIP FOUN-
DATION PARTLY UNDER EXISTING ONE.

vertical members of the framework, which are tied in
before the mud is applied, the stems of Thalia Geniculata,
a shrub, and split bamboo are used. When the framework
has been completed, the roof is built. After this wet
moulded mud balls are pressed and worked into the
framework of the walls to a thickness of 150 to 200 mm.
Generally the walls are only smoothened but in some
cases rendered with a soft mud and sand mixture. This
method of construction allows the builder to complete
the walls, when he has the necessary help, in a few days,
since he need not wait for each course to set and dry
before he lays the next one. The walls also require no
cover during rain, as the roof is already completed.

2. ATAKPAME WALLS:

The name of this wall building method is associated with
the town Atakpame in Togo. Although the method of
building with moulded wet mud balls is common in the
northern part of Ghana, the “Atakpame” method refers to
arectangular wall which has been properly laid out by the
builder with pegs and string. The preparation of the mud
is similar to that by the northern people. A pitis dug near
the building place, the mud mixed with water, kneaded
with bare feet and moulded into balls of about 200 mm
diameter. Courses of up to 600 mm in height are laid, each
course covered with palm leaves and allowed to set and
dry out gradually before the next course is added. Wet
mud cannot bear its own weight and would slump other-
wise. Each course is properly levelied out on the top, the
sides of the wall are scraped smooth with an old cutlass.
Openings for windows and doors are noted and left
during construction. The wall tickness is generally about
300mm. After five courses a wall height (excluding the
foundation) of approximately 2.50m has been reached.
When the last course is still wet, holes are made into it
every 600mm at the top through which ropes are drawn
for fixing the wall plate of the roof framework. Another
way of supporting the roof is by driving short forked
sticks into the top of the wall over which the framework is
laid and tied. Lintels over doors and window openings are
pieces of the Fan Palm. The walls are generally not
rendered and the pronounced horizontal lines of the
courses are clearly visible. During the survey for this book
it was, however, noted that a mixture of soft mud and red
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clay was used in places externally. It was mixed with
water into a thin paste which was applied to the walls with
a sponge. Quite often a plaster mix of mud and bitumen
has also been used (this method will be described under
“Walls and Wall Finishes” in the “Construction” part of
the book).

3. SUN-DRIED BRICK WALLS:

From a borrow-pit close to the building mud is dug up,
mixed with water and kneaded. The mixture is then
pressed into wooden casts. The size of a brick is approxi-
mately 200 x 90 x 90mm. A drying shed is erected with
timber posts, beams and a thatched roof. Under this the
bricks are left to dry slowly. This may last, depending on
the weather, up to two weeks. Only where a proper brick
bond is used can long vertical cracks be avoided in the
wall during construction. The bricks are laid with mud-
sand mortar or a weak cement-sand mortar, where
cement is available.

4. OTHER WALLS:

The Ewes in this area very skilfully produce screen walls
from split bamboo and split paim fronds for the bath-
rooms and fences of their compounds.

ROOFS

The traditional thatched roof is a coupled-roof over a
rectangular building layout with gable ends. The hipped-
end-roof was introduced later. The roof has a pitch of
about 45°. For its construction the following materials
are used:

Fan Palm (locally called “Agobeam”} — Borassus
Aethiopum, resistant to termites and fungi, used for
ridge beams, eaves beams, centre posts and wall
plates, fronds are used as purlins;

Savannah Bamboo (locally called "Pamplo”) — Oxy-
tenanthera Abyssinica, used for rafters;

Thatch (locally known as “Ebe”) — Imperata Cylindrica, a
common grass throughout the savannah areas used
for roof thatching;



PIECE.

Fic.69 EAVES AND RIDGE DETAIL OF ATHATCH ROOF

Tie-ropes {locally known as “Nyido”) — Hippocratea
Africana, awoody climber used as a binding material in
house and fence building.

The following sketches and photographs explain the
sequence of construction (Fig. 69, 70, 71, 72).

Fig. 70: Roofscape of Aviefe. Note
the bamboo roof in the
foreground.

Fig. 71: Aviefe roofs (from the Ho —
Taviefe Survey, watercolour
by M. BORTEI-DOKU).

BAMBOO RAFTERS TIED WITH HIPPO-
CRATEA AFRICANA T0 ¢ 70mm EAVES
= AND RIDGE BEAM FROM BORASSUS AE-
THI0PUM AT 500mm CENTRES.

PALM FROND PURLINS TIED TO RAF -
TERS AT 250mm CENTRES . FOR EACH
LAYER OF THATCH AN ADDITIONAL Z
PURLIN IS TIED ON TOP OF THE THATCHE
TO A PURLIN AKD THE RAFTER BELOW,

RAFTERS MEETING AT THE RIDGE ARE —52
CONNECTED WITH A SPLIT BAMBOO

-BORASSUS AETHIOPUM POSTS

In most rural areas visited the use of corrugated iron
sheets or aluminium sheets has been introduced.
Agobeams will still be used as rafters for such roofs, but
in most cases, especially when the house has been built
with landcrete or sandcrete blocks, properly cut timber
members are purchased and used as roof sub-structure.
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BELOW :
THE GRASS FOR ROOFING , IMPERATA
CYLINDRICA ,(SCUT, BUNDLED AND
LAID TODRY ON RACKS .FROM THERE
IT 1S TAKEN T0 THE MARKET OR TD

THE SITE .

BATHROOMS AND TOILETS

For the construction of bathrooms in this area a method is
being used which closely resembles a conventional
soakaway structure (Fig. 73). A hole of 1.50 m in depth and
about 1.00 X 1.50m in size is dug. It is filled with stones of
different sizes. The top layer, which at the same time
closes the hole consists of large flat stones, serving asthe
“floor”. This area is then closed off with palm frond
screen walls leaving a small opening on one side. The
screens are 1.50 to 1.80m high (Fig. 74). Toilets are
constructed as communal pit latrines with a thatched roof
construction over, with low eaves, so that the roof acts as
screen at the sides. One enters from the gable ends. The
place forthe latrine is fenced off and is situated at one end
away from the village, in the direction of the prevailing
winds (at the northeast end of the village).

Fic.72 : ROOFSCAPE OF AVIEFE .NOTE THE
BUNDLES OF THATCHING GRASS
ON A DRYING RACK IN THE FORE-
GROUND .

WINDOWS AND DOORS

Windows and door frames are fitted into the wall during
construction, mainly in the Atakpame and sun-dried brick
walls. Properly constructed arches from brick can be
found. The windows are wooden jalousie outward open-
ing casement windows, or boarded and panelled window
shutters, horizontally pivoted, with or without a fixed
jalousie vent above. Doors are ledged, braced and
boarded doors or panelled doors. The ironmongery for
windows and doors, e.g. hinges, bolts, hasps and latches
is manufactured by the local blacksmith in the village. In
the Akpafu area and Amedume Hills iron ore can be
found. The Ewes knew early the art and craft of
blacksmithery.
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F16.73 : SECTION THROUGH AKITCHEN AND BATH WITH SOAKAWAY 1

IN TAVIEFE
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BATH CUBICLE

FIRST LAYERS OF STONES AND
BOULDERS LAID ALONG THE LINE
OF FUTURE RETAINING WALL

]
7 4

SOIL IS THEN GRADUALLY BEING
REMOVED FROM UPPER SLOPE OF
HILL WHILST CONSTRUCTION OF
WALL CONTINUES

FINAL HEIGHT OF RETAINING WALL
REACHED WITH THE FORMATION
OF ONE TERRACE

F16.74 : SCREEN WALL FOR

CONSTRUCTION OF SCREEN ‘
WALL FROM SPLITBAMBOOD AND
PALM FRONDS

Fig. 75: Screen walls from split bamboo in
Aviefe (from the Ho — Taviefe Survey,
sketch by B. K. ACHEAMPONG).
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F16.76: TERRACING IN AVENYA -TAVIEFE ,VOLTAREGION .

FROM THE HO -TAVIEFE -SURVEY, BEPARTMENT OF ARCHITECTURE,
UST AUGUST 1980.

EXTERNAL WORKS

Certain features are typical for the Ewe mountain villages
which are not found in other places, namely, the use of
natural stone for landscaping. They are used for retaining
and terracing walls (Fig. 76), steps, drainage, bridges (Fig.
77) and outdoor seats (Fig. 78}, as can be seen from the
illustrations.
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Fig. 77: Stone drain and bridge over it in Aviefe.
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Fig. 78: Outdoor stone seats in Aviefe.
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From the description of all the early European travellers
to Ashanti {Kumasi and other important towns) it is
known that atl were impressed by the beautiful, clean and
comfortable houses, often two-storey, of the ordinary
people, quite apart from the large, extensively decorated
houses of the more important citizens and the palaces of
the kings.

Of those houses nothing remains. But how they were
built and what they must have looked like can at least be
seen partly in the Ashanti Fetish Houses around Kumasi
(Fig. 79, 80, 81). These are small temples designed to
house the shrines of the Abosom (lesser gods). Their
layout was similarly designed as a courtyard house, with
four rectangular structures placed around an open court,
linked by screen walls. The Ghana Government recog-
nized the importance of preserving remaining examples
of old Ashanti architecture and financed the restoration of
quite a number of Fetish Houses in the mid-sixties under
the supervision of the Public Works Department of the
Ashanti Region for the Ghana Museum and Monuments
Board. It was, however, not possible with the limited
resources available to rebuild or reconstruct the shrines
in the original way, that is with the traditional building
methods and materials. But from the existing, restored
and new Fetish Houses it is possible to have a glimpse of
the past and to gain an understanding of the skill, know-
ledge and artistic talent of the traditional builder.

FLOOR CONSTRUCTION

The four units around the open court were raised on a
solid platform of clay, about 1.00m above the floor level

of the courtyard. The open courtyard is today still the
focus of activity, although the rooms are now built
continuously around the inner yard. In a Fetish House the
courtyard is used for religious ceremonies (Fig. 82).

The floor was from rammed gravel finished with red clay
or mud, which was washed and touched up constantly.

WALLS

A timber framework of vertical posts (of approximately
100 to 150mm and spaced closely around the perimeter
of the mud platform) and horizontal members of bamboo
or stems of the shrub Babadua (Thalia Geniculata) were
tied together with creepers (Hippocratea Africana, in
Ashanti, “noto” or Hippocratea Rowlandii, in Ashanti
“ntwea”). Over this framework wet mud was applied. In
this area with predominant Forest Ochrosols this would
have been in most cases clayey lateritic soil, indeed an
excellent building material. Wall thickness was about
250mm. The walls were rendered both externally and
internally and finished smooth with a wet fine mud
plaster of the red soil.

Since three of the buildings set around the courtyard
were open to the yard large beams were necessary to
span across the front of these rooms. They were either
timber beams plastered with clay or builtin form of lattice
girders with different designs. The supporting columns
were constructed with a centre timber post of about
150mm in diameter to which stakes of smaller diameter
were tied. The columns were then plastered with clay to
achieve a square shape.
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SPECTATORS
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The shrine room normally had open-work screens
towards the courtyard with a narrower opening into the
room in the centre. These screen walls have cores of
flexible Babadua stems tied with creepers when they
have a curved design or a straight timber core when they
have straight geometrical designs. These cores were then
covered carefully with clay all round (Fig. 83, 84, 85).
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Fi6.81: SECTION A-A
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Fic.82: COURTYARD INkFEIISH HOUSE AT
ABIRIM,1981.

Fic.60 PLAN FETISH HOUSE,ABIRIM

(FROMDOCUMENTATION OF GHANA BUIL-
DINGS ,DEPARTMENT OF ARCHITECTURE )

F16.83 : UPEN-WORK SCREEN WALL OF
THE SHRINE ROOM



Fig. 84: View from the shrine room through the screen wall.

Fig. 85: Detail of screen wall showing part of the core.

Fig. 86: Wall decoration and traditional pots in the shrine room.

ROOFS

Of the old, steeply pitched (about 60°) roofs none
remain. They were described as having a substructure of
timber beams (at eaves and ridge) to which bamboo
rafters were fixed. Palm-frond purlins were tied to the
rafters.

The roof cover was from tightly inter-woven palm leaves
(from the Raphia-palm) which were prepared on the
ground and then tied into position with quite a large
horizontal overlap (see “Materials and their Uses in
Construction”, 3.1 Natural Materials, Plants and Woody
Plants). The buildings had gable ends.

The restored Fetish Houses have been roofed with corru-
gated iron sheets at a lower pitch with hipped ends.
The original rafters were painted black and polished. The
appearance of the materials and finishes used, which
complemented each other, must have been very beauti-
ful. The relation between design and materials with its
expression of an achieved balanced proportion is lost.
The restored or newly built shrines do not have this
quality of harmony.

DECORATIONS

Decorations were applied to all platform walls and to the
fronts of the walls facing the courtyard and to the fronts of
the linking screen walls facing the interior court. Decora-
tions were also applied to the plinths of walls and col-
umns, usually about 1.00m high. They are about 100 to
150mm thick red clay facings, boldly moulded in a
number of different designs and motifs with naturalistic,
geometrical, stylized character. The decorations on the
lower parts of the walls and plinths were finished daily
with red clay wash (Fig. 86).

The decorations in low relief on the upper parts of the
walls and beams are of interlocking geometrical designs
or show naturalistic designs. In the next chapter on
“Traditional Housing in Kumasi” it will be described how
the reliefs were made. These parts of the walls were
finished with a wash of white clay.

Construction work was carried out by skilled artisans
under the supervision of master builders who applied the
decorations themselves. In some of the villages where
Fetish Houses can be found some master builders may
still live, but theirs is a skill which is dying out with the
moving away of the youth from the villages to the towns,
an occurrence similar to what is happening in the north of
the country, where the traditional art and skill of con-
structing a mud silo may no longer be known in a few
years time.
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Fig. 89: Old and new Bantama in Kumasi, 1979.

Fig. 91: Typical old 2-storey house in the commercial area of
Kumasi, 1978.
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Kumasi of the old days under different Ashanti Kings
must have been a beautiful and interesting place. When
Bowdich arrived in this town in May, 1817, the Ashanti
Kingdom was at the height of its power. He describes in
the “Mission from Cape Coast Castle to Ashantee” the
splendour of the reception and the displayed regalia.

His descriptions of the construction methods of a house
are very detailed. The walls were built from wattle and
daub. The houses had all gable ends with six main timber
poles for supporting the roof ridge and eaves beams
which were joined to the gable walls. The roof structure
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F16.87: PART OF THE INNER SQUARE OF APOKOO'S HOUSE
FROM"MISSION FROM CAPE COAST TO ASHANTEE'BY TEBOWDICH

2.2.3 TRADITIONAL HOUSING IN KUMASI

was from bamboo, the roof finish from an interwoven
thatch of palm leaves (Raphia palm) tied to palm frond
purlins with creepers. The bamboo framework was
painted black and polished. The vertical timber poles
were plastered with swish in order to appear square. The
floors of rammed gravel and red clay were washed daily
with a watered-down infusion of the same red soil. With
the walls still soft after the puddied mud had been applied
to the stakes and wattle work, moulds were formed in
patterns producing a profile formed out of thin slips of
cane connected with grass. These patterns of moulded
relief ornamentation can still be found in the Ashanti
Fetish Houses nowadays. Plinths and lower parts of the
walls were plastered and finished in red clay. The walls
received a plaster and were then, as well as the moulded
relief- work, finished with whitewash from clay. The
thatched roofs were very steeply pitched (Fig. 87).

R. A. Freeman writes in “Travels and Life in Ashanti and
Jaman” about his stay in Kumasi in 1889 on his way to
Bontuku {(now in the Republic of Ivory Coast). He saw only
the remains of Kumasi after its total destruction by the
British in 1874 (Sagrenti War) but was very impressed by
the remaining broad, well kept streets, “lined by houses
of admirable construction, careful and artistic finishes
and of excellent repair”. He noted the departed prosperity
and evidences of a superior culture. From his description
we know some more details of the reliefs with which the
remaining better-class houses were adorned and which
were unfortunately not extensively detailed in Bowdich's
notes although during his visit nearly all houses along the
main streets of Kumasi must have been decorated in this
fashion and must have been a striking sight (Fig.88). Some
of the designs are known as “Adinkra” signs from the
symbols printed on King Adinkra’s cloth, but form part of
the Ashanti symbols, of which the Sankofa sign (signify-
ing humility, literally: “Turn back and fetch it”) is a
common one. Doors to the houses appear to have been
skilfully built as timber panelled doors in timber frames.
Windows were small carved wooden shutters.

Lady Fuller's pen and ink drawings in the book “A
Vanished Dynasty-Ashanti” by Sir Francis Fuller (a Chief
Commissioner of Ashanti in his time), shows how Kumasi
and the surrounding villages appeared in 1920. Although
further destruction had been inflicted upon Kumasi with
the burning down of Bantama in 1896 and during the Yaa
Asantewaa uprising in 1900, rebuilding of the town had
started almostimmediately afterwards under the colonial
administration. In June 1896 the Ramseyers, coming
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from Abetifi, had founded the first Basel Mission station
in Kumasi. The town developed rapidly from then
onwards into an important commercial centre with cocoa
cultivation having been introduced into the area a few
years earlier. Foreign influence brought in different build-
ing methods. Many of the traditional thatched roofs were
replaced with wooden shingle roofs or imported corru-
gated iron roofing sheets. Walls were built with burnt
bricks. A new network of roads linked the different parts
of Kumasi. The central market was established in 1925.
The town prospered from then onwards and became the
country’s most important inland trade centre, with many
imposing structures.

Yet in some of the old areas of Kumasi, expecially in
Bantama, a few old single-storey courtyard houses built
in sun-dried mud bricks or with the Atakpame method
can still be found among the modern 2-to 3-storey struc-
tures from cement-sand blocks (Fig. 89). The traditional
roofing material of thatch has, however, long been
replaced with corrugated iron or aluminium sheets.

From the original decorative relief works on the house
walls nothing remains. Through foreign influence certain
features have been adopted: Decorated, moulded col-
umns, perforated verandah and balcony walls (Fig. 90),
moulded projections on the exterior of the walls at floor
levels, decorative entrance gates to the compounds and
timber jalousie windows (Fig. 91).

i

FI16.88 : ORNAMENTS : RELIEF ONTHE PLINTHS OF PILASTERS
[N KUMASI AS DESCRIBED BY R.A.FREEMAN ,WITH VA-
RIATIGNS OF THE ASHANTI SYMBOL “SANKIFA"{ LIT.
“60 BACK AND FETCR IT “, MEANING"HUMILITY " ).

7.

PR

PART OF THE KING'S GUEST -HOUSE IN KUMASI AFTER R, A.FREE-
MAN FROM HIS BOOK “TRAVELS AND LIFE YN ASHANTI AND JA-
MAN" (1898 ). THE LOWER PORTION OF THE WALL WAS FINISHED
IN POLISHED RED CLAY. THE FRIEZES OF THE UPPER WALL PA-
NEL ,THE FLAT PILASTERS ON BOTH SIDES OF IT AND THE UN-

DECORATED GABLE PANEL WERE FINISHED WITH LIME WASH,

Fig. 90: Verandahdetail ofa2-storey
house in the central area of
Kumasi, 1978.
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Similar to the indigenous builder in the northern savan-
nah the farmer and builder in the transitional forest and
forest area exploits the natural materials which he can
obtain from the soil, from riversides, from the forest. With
these materials he has been and still is able to construct
buildings which are designed for comfort under tropical
conditions, which are reasonably resistant to the ele-
ments and destructive forces of the tropics and which, if
regularly maintained, can last more than a lifetime.

The rural communities in the forest areas are small
communities with a strong traditional social structure
and organisation. People know one another. Farming is
their main occupation, cash crop farming or cocoa farm-
ing. The economy is largely non-monetary. Houses are
normally self-built.

The traditional building methods are wattle and daub
walls with thatch roof (Fig. 92 and 93); in many cases
these have been replaced with corrugated iron sheets.
The buildings are rectangular, placed continuously
around an inner courtyard, or courtyards (Fig. 94). There
is normally only one main entrance into the compound
from the outside. In many villages quite skilfully manu-
factured wooden panelled doors in timber frames and
wooden shutter and jalousie windows can be found (Fig.
95 to 104).

In the Brong-Ahafo and Ashanti Regions quite often the

FI16.92 : WATTLE AND DAUB WALLS IN AN ASHANTI FO- wattle and daub walls have been replaced with walls built
REST VILLAGE (ABUVE AND ABUVE RIGHI)]QB] in the Atakpame method. The builders are Ewes who
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1 NANA KOFI POKU'S HOUSE
2 FETISH HOUSE
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F16.94: ABIRIM , AN ASHANT! VILLAGE

105 W 20 30 W ROOF PLAN - FROM DOCUMENTATION OF GHANA BUIL-
s S oy N oy SN ey IO DINGS,DEPARTMENT OF ARCHITECTURE ,U.5.7.,1975



FAMILY HOUSE

BAAMUHENE'S
COURTYARD

(GUARDIAN AND KEEPER
OF THE CEMETERY)
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6,05 - PART PLAN AND SECTION OF NANA KOFI POKU'S
HOUSE AT ABIRIM -rrom noKUMENTATION OF GHANA BUILDINGS

Fi.96 : WINDOW IN NANA KOF) POKU’S
HOUSE

Fi16.97: DOOR IN NANA KOFI POKU'S
HOUSE

59



5 ,u u i ‘a rmmnw. i uu‘.mn..,.‘ awwrwﬂ'“/’
==

have come to these regions in the search foremployment
opportunities. When they built their houses in the Atak-
pame way, it was soon realized by their neighbours that
this construction method was less tedious than the wattle
and daub construction. The “Ewe-houses” became very
popular. The Ewes found one employment opportunity,
they became the “Atakpame Builders” in these regions.
By now, up to three generations of Ewes have followed
this occupation. They have settled in different places in
the regions, but normally returned home every 1'% years
for one farming season after which they returned for
another “house building tour”. Most of these Ewes came
from the area around Atakpame (now in the Republic of
Togo). After the independence of Ghana and Togo and
different political developments in the two countries, free
movement between the countries became somewhat
restricted. Some of the builder-settlers became Ghanaian
nationals, some returned to their home-country. One can
perhaps describe these settlers as the local building
contractors who are hired by the local farmer or trader.
The interesting thing is that the Atakpame builders are
hired for the construction of walls up to roof level only.
The owner himself will build the roof (or hire additional
labour for this work), render the walls, lay and finish the
floor, fix doors and windows. Quite often only the roof
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Fi1G.98: SECTION THROUGH A FOREST VILLAGE HOUSE

will be finished. For the other work time and money may
not be available, with the result that early deterioration
sets in.

The Atakpame builders use virtually no modern tools for
their work: Hoes for digging up the soil (they have “an
eye” for good quality soil), their feet for kneading the mud
mixed with water, their hands for forming the wet mud
balls and for moulding the different layers, their eyes and
sometimes pegs and strings for checking the alignment, a
cutlass for scraping the walls smooth and leaving proper
rectangular openings for windows and doors.

Both wattle and daub and Atakpame building methods
have already been described in detail in foregoing chap-
ters.

In some of the forest villages the Atakpame builder will
build up a plinth of stones at the foot of the wall and a
system of gutters with stone aprons around the house to
check erosion. Where this is not done the results are early
deterioration, a common sight in many villages with
houses from wattle and daub walls. In the forest zone
with average annual rainfalls of 1.50m to above 2.00m,
protection of the external walls and the foot of the walls is
very important.
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SIED CASEMENT WINDOWS, PARTLY PANELLED,
WITH FIXED LOUVRE VENTS ABOVE.

WINDOWS 1,32 L AREOUTWARD OPENING JALOU- WINDOW 21S ATOP-HUNG,CUTWARD OPENING
PANELLED SHUTTER.

A MOULDED FRAME ISBUILT AROUND WINDOW & FROM CLAY PRESSED INTO A PROFILE FORMED QUT OF THIN

SLIPS OF CANE.

ri6.9s:TYPICAL WINDOWS INAN ASHANTI VILLAGE

FROM DOCUMENTATION OF GRANA BUILDINGS ,OEPARTMENT OF ARCHITECTURE, U.S.T., 1975
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riG.100: TRADITIONAL WOODEN PANELLED DOORS IN AN
ASHA"” V| LLAGE -~ FROM DOCUMENTATION OF GRANA BUILDINGS 1975

Sun-dried brick construction is also known and preferred
in some areas. Neat horizontal and vertical alignment is
achieved with proper bonding. Windows and door
frames are fitted straightaway during construction. Mor-
tar joints (from mud mortar) also achieve a solid con-
struction. Finished walls are sometimes mud-washed or
rendered with a soft mud mixture internally.

SOME OF THE BOORS HAVE SMALL JALOU -
SIED OPENINGS IN ONE PART OF THE DOOR
OR FIXED LOUVRE VENTS ABOVE.

o_10 ZF 30 S0 6070 80 %0 100cm

The floors are from rammed soil. In compounds where
the walls are properly rendered and painted, the floors
are normally well constructed with a layer of stones and
gravel first, well compacted, and a screed on top, of sand
and mud (sometimes mixed with bitumen, often with
cement).
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FIG.101: IRADITIUNAL WUUUEN PANEI—I—ED DUDRS - FROM DOCUMENTATION OF GHANA BUILDINGS

THE DOORS ARENOT TRUE PANELLED DOORS BUT RATHER FRAMED AND BOARDED DOORS WITH PANELLING PIECES

FIXED OVER THE VERTICAL BOARDING. THICKNESS OF STILES AND RAILS ABOUT 30mm , PANELLING BOARDS ARE

12 10 15mm THICK . TIMBER USED :TERMINALIA SUPERBA (OFRAM).
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Fig. 104: Adoorlockand hinge produced by the local blacksmith,
1981.

Fig. 103: Traditiona!l wooden panelied door in an Ashanti vil-
lage, 1981.
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ri.102: TRADITIONAL WOODEN PANELLED DOORS
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TAKORADI

The fishermen of the Gold Coast and Ghana have never
known borders. The Anlos (Ewes from Anloga, Keta area)
have migrated up the coast to Gambia and down to Zaire.
Within Ghana they have established settlements outside
their home area from Tema, Accra, Winneba to Half
Assini. The Efutus and Fantes have also moved to the
shores of the Ewes, when the fish they catch moves
eastwards. The Ghanaian fishermen with their dug-out
canoes with or without outboard motors are expert and
courageous fishermen. When they “move with the fish”,
they do not interfere with the traditions of the people in
whose areas they settle temporarily, they respect the
local gods of their new homes. But they bring with them
their building methods.

The coastal climate is humid with a steady South-South-
westerly sea breeze. Houses are constructed to permit a
free flow of air through the entire building. The roofs are
built with thatch, in many areas an air space is provided
underneath and a ceiling constructed of woven mats and
mud. This and wide overhangs of the roof and covered
verandahs achieve a marked reduction of solar heat
transmission (Fig. 105 and 106.) Bedrooms of the houses
are concentrated on the windward side, the cooking area
etc. on the leeward.

2.2.5.1 BUILDINGS OF THE ANLOS

The Anlos do not only fish in the sea, they also fish in the
large Keta Lagoon. Along the lagoon they have also
started shallot and cash crop farming. Inthe villages here,
for example in Anyako, houses built with wattle and daub
and in monolithic mud (Atakpame) can be found next to
those built completely in thatch construction. It is this
method of building {in Ewe “Klobaxotutu”) which is used
by the migrant Anlo fishermen when they build their
houses along the coast, where they settle temporarily
(Fig. 107).

The thatch houses have a timber frame structure of posts
and beams from Fan palm trees and split trunks of
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.2.2.5CONSTRUCTION METHODS IN THE FISHING COMMUNITIES
ALONG THE COAST OF GHANA

MAT-WALLS IN AN ANLO -EWE VILLAGE NEAR
AFLAO IN THE VOLTA REGION,1981.

FIG.107

Coconut palm trees (Borassus Aethiopum, “Agoti” in
Ewe and Cocos Nucifera, “Neti” in Ewe). This framework
is tied together and carries the roof (gable and hipped-
end roofs) from rafters of bamboo or Red Mangroves
(Rhizophora, “Atrasi” in Ewe), purlins of mangroves or
coconut leaf fronds. The walls are made from coconut
palm leaves plaited in the early morning hours when the
dew makes the leaves soft. The single unit is approxi-
mately 3.00m long by 2.30m wide.
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Fi6.105 : PLAN OF A HOUSE IN AKYINIM NEAR AXIM,
WESTERN REGION
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The main posts are dug and wedged into the ground
350mm deep. These posts have forked top ends to
receive the eaves and ridge beams. Intermittent posts are
then added. Rafters and purlins are fixed. Thatch is
prepared from Imperata Cylindrica. The grass is cut and
left to dry for a few days and tied up in bundles after-
wards. From these the roof cover is plaited into mats of
about 1.80m in fength. Thatch is laid in layers from the
eaves upwards with two layers “head downwards” under
the eaves layer for additional thickness, all other layers
are laid “head upwards”. The wall mats are then fixed to
the framework with horizontal battens tied over coconut
leaf fronds. At the bottom of the wall a smail trench is dug
of 150mm depth and nearly filled with ash. The plaited
wall panels are pushed down into the ash when they are
fixed to the framework. The trench is afterwards filled
with sand. The horizontal battens are either fixed over the
mats from the outside or inside, according to taste, or
mats are tied to the framework from both sides so as to
create a “cavity wall”.

This wall structure allows a fair amount of ventilation to
pass through. In most cases therefore these houses are
without window openings. A door opening which can be
covered with a thick woven grass mat (these are some-
times also used for the walls) is left between two of the
posts.

The floor is made from a slab of 150 mm thick wet clay and
beaten flat. The sand has been removed to this depth and
a layer of ash sprinkled on the ground before the wetmud
is laid.
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2.2.5.2 BUILDINGS OF THE FANTES

The traditional way of construction predominant along
the coast is the timber frame structure with mud infill
(wattle and daub). Among the Fantes, especially around
Anomabu, rammed wet mud structures, often two-storey
high with steeply pitched hipped roofs of thatch from
coconut palm leaves are preferred. The walls are quite
thick, from 450 to 600mm. This area quite obviously
contains much early European influence which has modi-
fied the traditional indigenous Fante building methods.

Anomabu was an important port and trading centre in the
18th century with the large English (second) fort com-
pleted in 1770. Cape Coast and Elmina contain more
foreign influenced elements which will be detailed in the
next ¢hapter. But some of these identified elements are
common throughout Fante coastal villages. Thatch roofs
are, however, rapidly vanishing from these villages and
are being replaced by corrugated iron sheets or, more
recently by corrugated aluminium sheets.

Windows (generally small) and doors are simple wooden
panelled shutters or louvered jalousies and panelled
doors. Houses are rendered in mud-sand plaster in-and
outside with moulded architraves to doors and windows.

Under the pitched roof a ceiling is usually built in the
same way as the ceiling to the upper floor, with the beams
built into the wall.

i
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r1G.108 : SECTION THROUGH A HOUSE IN BIRIWA

Only 5km to the west of Anomabu is Biriwa, a small
fishing village. Here one finds houses built with walls
from monolithic mud or wattle and daub usually
rendered on both sides, but with flat mud roofs, quite
unusual for this area (Fig. 108). Some more of these roofs
can be found in Cape Coast, but they are concealed
underneath subsequently added pitched roofs from cor-
rugated iron sheets. It is said that the Fantes migrated to
the coast from the savannah country to the north of the
forest belt and brought this building method with them.
Also in Biriwa one finds the original mud roof in many
cases concealed beneath a pitched corrugated iron roof
(Fig. 109 and 110). The flat mud roof was built in a similar

way to that described in the part on “Construction
Methods in the Northwest of Ghana”. The beams carry-
ing the roof are built into the walls. These therefore are
load-bearing. The surface of the mud roofs is laid to fall
towards rainwater spouts. Low parapet walls are built
around the roof.

The main house, situated north-south, is single-storey
with a row of rooms, normally three, with ancillary
buildings as stores, kitchens, bathrooms arranged
loosely around, with fish-smoking ovens in between.
There are no clearly defined compounds. This arrange-
ment makes full use of the sea breeze.

Fig. 109: Biriwa, a Fante fishing vil-
lage, near Cape Coast,
1965.

Fig. 110: Biriwa
1982.

village houses,
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2.2.6 FOREIGN INFLUENCES

2.2.6.1 INFLUENCES OF THE EUROPEAN TRADING
POSTS ALONG THE COAST

The Portuguese were the first Europeans to touch the
Gold Coast in 1471. They recognized the great economic
potential of the area and built a substantial castle (Sao
Jorge da Mina) in 1482. The town of ElImina grew up to the
west of the castle and was raised to the status of a city in
1486 with a defence wall around. The Portuguese also
established a number of other trading posts along the
Coast. Their influence on indigenous building methods
can be witnessed in the Ahanta and Fante villages with
their rectangular cottages, thick mud walls or sundried
mud brick walls, steep pjtched, thick thatched roofs, and
moulded or white-painted architraves to doors and win-
dows along the coast (Fig. 111).

By the middle of the 17th century the Portuguese had
been expelled from the Coast by the Dutch. The French
and English were already established on the Gold Coast
and by the end of the 17th century the Danes and
Brandenburgers also joined the establishment of trading
posts with the building of trade forts or castles. All these
forts attracted settlements of the native people under
their walls. The size of these settlements were dependent
on the trade in the area. The booming slave trade in the
18th century made towns like Elmina, Cape Coast,
Anomabu and Accra prosperous, other towns became
important service centres supplying different areas along
the coast and prospered likewise. European traders mar-
ried into local chiefs’ or merchants’ families. Their
families soon became the enterpreneurs of the area.

Building materials for the houses of these rich merchants
were imported — burnt bricks, cast iron columns and
balcony brackets, iron roofing sheets, Canadian pine
etc.

THEANTI HOUSE INMAMPONG , AKWAPIM - FOREIGN IN-
FLUENCES : DUTCH ,DANISH,GERMAN,MISSIONARY, COLONIAL.

Some of the early single or 2-storey houses in Elmina
(Fig. 112) of which a number still exist, though generally
in a very bad condition of maintenance, were built with
walls from rabble stone or stone, clearly influenced by the
building methods used for the construction of the forts,
which were built from stone and bricks (carried as ballast
to the Coast in the ships). Window and door openings
were often semi-circular arched, with jalousied shutter
windows (top-hung outward opening} and wooden
panelled doors. Sometimes the arched openings had
brick dressings.

Most of the houses, similar to the structure of the forts
and castles had flat roofs paved in tarras. Subsequently
these were roofed over with low pitched roofs of corru-
gated metal sheets or flat asbestos tiles.
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An early house-type for Danish civil servants from the
middle of the 19th century in Christiansborg, Accra,
introduced the first floor verandahs running the whole of
the building at both front and rear. The houses were two-
storey with the living accommodation upstairs. The ve-
randahs were built of wood supported by stone col-
umns.

This type of construction was adopted very quickly by the
more prosperous Africans in the Danish colony, espe-
cially in the Akwapim area, where the Danish tried to
establish plantations, and on the plains to the south and
east of it.

It is interesting to read how DR. P.E. isert, who served the
Danish Guinea Company in 1783, in a letter he wrote to
his father, described the houses he saw during his first
visit to the Akwapim Hills in 1786:

“The houses of the mountain peoples are square
built with beams, the intervals between which they
fill with clay. Inside they are kept very neat. The
floor is scrubbed each day with red earth, which
gives a good appearance...”

The indigenous building methods in the Akwapim area
were .not much different from those elsewhere in the
forest and transitional forest zones. The houses were
rectangular gable-roofed with thatch.

Dr. Isert’s own house near Akropong was the first stone
building recorded in Akwapim. Of this building nothing
remains today. A plantation building at Dakobi on the
lower slopes of the Akwapim Hills, built at the same time
was described after measuring up its ruins in 1956 as a
two-storey rectangular structure with a flat roof.

2.2.6.2 INFLUENCES OF THE BASEL MISSION

In 1835 Andreas Riis laid the foundation of the Basel
Mission Church in Akropong. The influence of the Basel
Mission in Akwapim and the South of Ghana has been
significant. The name of Riis is connected with the buiid-
ings the missionaries put up in the area. These buildings
were built of stone and roofed with shingles. Despite
opposition from the local fetish priests against the use of
stone and Odum timber in building (the Odum tree —
Chlorophora Excelsa is regarded as a sacred tree) this
construction method was adopted by the people. Clear
traces of this can still be seen at Akropong, Larteh and
Mampong (Fig. 113, 114, 115). Moreover the Basel mis-
sionaries established training workshops where they
taught local artisans new skills in masonry, joinery and
blacksmithing.

With the introduction of cocoa farming a prosperous
period started in the Akwapim area. 2-storey, stately
stone houses became a familiar feature of several
Akwapim towns.

The walls of these and the mission houses were built
from the local excellent granite stone, at first with dry
courses without mortar. Later, when cement was intro-
duced, walls were plastered. The designs were simple.

Opposite: Fig. 112: Old houses in Elmina, 1982.

Fig. 113: A newly constructed stone house in Akropong,
Akwapim, 1981 (Photograph by G. OWUSU).

Fig. 114: Astone and mud wall house in Akropong, 1981 {Photo-
graph by G. OWUSU).

. .

Fig. 115

il

: Details of the stone wall (by G. OWUSU).



The houses were two-storey, with a room-deep core and
verandahs surrounding the whole building at first floor
level, constructed entirely of timber.

The Anti House in Mampong (Fig. 116) was built at the
beginning of the 20th century between 1910 and 1915 by
a rich cocoa farmer, Isaac Kofi Anti of Mampong. The
foundation and walls were built from stone. All timber
structures (roof substructures and floor beams) were
sawn from Odum. Boarding and verandah balusters were
from Pine wood, ordered through the Basel Mission and
imported from abroad (Fig. 117). Roofing material con-
sisted of imported slates.

This house, which was a prominent structure on the
outskirts of Mampong and reflected the legacy of a
successful early cocoa farmer and was at the same time a
reminder of the former prosperity cocoa farming in the
early days brought to the towns on the Akwapim Ridge, is
now nearly collapsed. Only a few parts of the walils are
still standing.

In other areas with Basel Mission influence the core walls LI AL L LT T TTTITIT IR
were also built of solid mud or bricks. The verandah was o s . - . L%
supported with stone or stucco faced brick columns. For \

many of the early British colonial buildings cast iron
columns were used. The timber balcony balusters were #16.117: FIRST FLOOR YERANDAH DETAIL ,ANTI’S HOUSE IN MAM - SECTION
elaborately treated, the eaves of the hipped-end roofs PONG ,AKWAPIM . rraw MeASURED DRAWINGS, DEPARTMENT OF ARCHITEC -

had fretwork fascias. Although the Akwapim area, as TORE, LS T, 1988 HOTTOSEALE

already mentioned, is particularly rich in examples of

such buildings, by the end of the 19th century this

building type had widely been adopted by other mis-

sions, by the colonial government, and by the more

prosperous people in other towns in the south (Fig. 118to verandahs around with mosquito-screens. The Canton-
122). It was used for schools, hospitals, etc. A single- ment Residential Area in Accra still has many examples
storey version raised above the ground approximately 1 occupied by civil servants. The Ridge Hospital in Accra is

to 1.50m on stubby columns had completely closed another example (Fig. 123).

\‘\“L
7)) é %
<) i 2
[ 1‘1

_

DETAIL POINT 1 SHOWS THE
TIMBER COLUMN, DETAIL
POINT 2 SHOWS THE BALUSTER

MEETING POINT.
1 -

ri.me - BALUSTRADE DETAILS OF FIRST FLOOR VERANDAHS
|" ABET'F' A"D OBUME“E 10 20 30 4050 60_70 00 % i00cm

70



—

ric.ns: WOODEN PANELLED, LEDGED AND BRACED DOORS IN ABETIFI = SECTION
AND OBOMENG,EASTERN REGION [ S i o o o

Fig. 120 and 121: A brick-core house with cantilevered first floor
verandah in Konongo, Ashanti Region, 1981.

Fig. 122: Old house in James Town in Accra, with cantilevered Fig. 123: A part of the Ridge Hospital in Accra, 1981.
first floor, 1969.
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2.2.7 SUMMARY AND CONCLUSION

From the Nzima pile dwellings of Nzulezo in the Unvaiye
Lagoon in the far West of Ghana near the border with the
Republic of Ivory Coast, to the Fetish Houses in Ashanti,
the coastal towns built up near former European trading
posts, forts and castles, the fishing and forest villages, the
Ewe villages in the hills of the Volta Region, to the Basel
Mission influenced buildings in the South of Ghana, the
indigenous people used building methods and created an
architecture which grew out of the soil, which received its
form through the geology, topography and climate of the
area and which was influenced by the social and histori-
cal development of this part of the country. Throughout
the rural areas and the fishing communities along the
coast the traditional construction methods are still used.
With new skills and introduction of materials like burnt
bricks, cement, corrugated iron, aluminium and cement-
asbestos sheets new variants in plan form appeared, yet
were more or less still based on the old concept of the
courtyard or compound house to provide shelter for the
extended family.

However, with an economy which has rapidly declined
since the ail crisis in 1973 (which has badly affected many
developing countries and especially Ghana), and a
dependency on fluctuating world prices for main exports
— cocoa, gold, diamonds, timber, bauxite etc. — foreign
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currency available for the importation of materials used
in the building industry is very limited. The local factories
producing building materiais for which they need varying
percentages of imported raw materials, do not produce to
full capacity. Some of them manufacture to only 25 to
30% of their normal capacity. Yet the population is
growing and the demand for shelter is increasing.

It is therefore important to fully explore and utilize all
available local building materials as well as possible
production of materials for construction from industrial
and agricultural wastes. Doing this, it is necessary to
know traditional technologies with which some of these
materials have been used in the past. It is also necessary
to examine possibilities of introducing improved tech-
nologies which will assist in constructing low-cost, yet
more durable buildings, suitable for tropical conditions
based on the concept of the traditional way of iife of their
occupants.

At the same time this increased use of locally available
and produced building materiais for the construction of
government financed public buildings, from housing,
schools, colleges to health centres, clinics and hospitals
requires a change of attitude on the side of the designer
and the client. It is hoped that the educational process
leading to this can be positively influenced by the con-
tents of this book.

10. A.D.C. HYLAND - Fort St. Jago and Elmina, Ghana, 1979.

11. F.R. IRVINE — Woody Plants of Ghana (Oxford University Press,
1961).
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MATERIALS AND
GONSTRUCGTION

THEIR USES IN

Since time immemorial, man has used materials pro-
vided by the earth for building shelter against the
weather, against attack by animal predators and human
enemies.

The importance of building materials in all types of
construction is very great, especially when considering
that materials account for as much as 60 % of the total
costs of construction of domestic buildings. It is neces-
sary to understand that each of these materials used wili
contribute in its own way to the structural strength, to the
aesthetic appearance and to the performance require-
ments of a building.

With exception of a small percentage of wood, a building
is constructed entirely of parts which originate from
mineral products. Some of these are used directly, like
they were used by early man and still by the “traditional
builder” in maost of the rural areas of the world — sand,
clay, stones. Others undergo preparation through pro-
cessing, with the ultimate setting up of large industries
for this purpose, like factories for cement, steel and
aluminium products etc.

“Natural Materials” in this section are locally available
materials which nature provides and which can either be
used directly after some preparation or can be extracted,
dressed and prepared for use without the establishment
of huge factories. The uses of these materials are shown
and explained.

“Man-made Materials” are materials which have been
developed from a raw material to a finished product in a
process which requires an industrial set-up for their
production together with a sophisticated technology. But
here also itis possible to use appropriate technologies for
the production of some of these materials. Attempts are
being made in many tropical developing countries,
including Ghana.

Materials covered in this part refer to Ghana, but exam-
ples will also be explained and shown from other tropical
developing countries with conditions similar to this
country.

Timbers of Ghana and Timber-Frame Constructionform a
separate part.

“Building Materials from Agricultural and Industrial
Wastes” are included in the “Man-made” materials sec-
tion.

Materials and Their Uses in Construction:
A bamboo fence wall, 1981.
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3.1 NATURAL MATERIALS
3.1.1 SOILS AND STONES

The soils referred to here are not only the thin layer of soil
at the surface of the earth which is the home of the plant
and of special interest to the agriculturalist, but include
the subsoil and the weathered substratum below, which
contain the sands, gravels, laterites and clays which will
be discussed further on (Map No. 6). The top layer of soil —
topsoil —-contains a high proportion of organic matter and
is normally removed to reach the subsoil from which the
materials used in construction are extracted. These “sub-
soils”, which vary in coarseness, have been formed
through decomposition of rocks and the remains of living
creatures which can be found in it. The parent rock is
found below the weathered sub-stratum. The stones
mentioned in this section are exposed rock, parent rock or
stones contained in the subsoil and weathered sub-

stratum.
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SAND

Sand is widely distributed in Ghana and usually it is
composed of silica in the form of quartz particles. Quartz
is the parent material of the Voltaian sandstones and of
the quartzites of the Akwapim-Togo Ranges. In size sand
ranges between 0.074 mm to 2 mm in diameter. These
sands, on the condition that they are free of organic
matter and other impurities, are suitable for construction
and therefore useful to the construction industry. They
are used for concrete mix, mortar mix and for block-
making (sand-cement blocks, see also “Walls and Wall
Finishes”). Extraction of sand should be carefully control-
led to avoid severe inland erosion after removal of the

. topsoil (Fig. 124). High-grade sands which are used for

manufacturing glass are found in deposits in the incipient
stages of streams draining sandstone formations (see
“Glass”).
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Fig. 124: Land erosion due to indiscriminate laterite extraction
in Kumasi, 1981.

GRAVELS

Due to the geology of Ghana (Map No. 7 and Fig. 125, 126)
there are abundant gravel deposits in every region of the
country with gravelly material contained in the subsoil in
large quantities. The material, in ranges from 2 to 20 mm
in diameter, is also referred to as “pea gravel”. It is
roughly spherical in shape and about the size of a large
pea {Fig. 127). Washed quartz gravels are used as fineand
coarse aggregate for concrete mix and for road construc-
tion (nowadays crushed rock is used for both in places
where natural gravel cannot be found, and where
crushed gravel is more economical, especially when
large quantities for road surfacing are needed).

LATERITE

Nearly all tropical red soils are generally described as
laterites. A more detailed geological and chemical defini-
tion is appropriate, especially when describing the prop-
erties of lateritic soils and their uses in construction:
“Laterite is a hardened or soft (reddish to brownish)
product of tropical and sub-tropical weathering which is
leached of bases, butenriched in sesquioxides of iron and
alumina in the form of clay minerals... There is little orno
combined silica in laterite, but depending on the parent
rock, laterite may have high quantities of quartz” (B.R.R.I.,
SM-Report No. 12/1970 by J. K. Ayetey: “Engineering-
geological study of some of Ghana's lateritic soils and
their profiles.” see Laterite Profile on Map No. 7).
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Fig. 128: Laterite rock outcrops in Kumasi, Airport Road, 1981.

Fig. 127: Pea gravel and crushed stone gravel.



Laterite has been used for centuries as a building material
in many tropical countries in Africa, South-America, in
South-east Asia and India, as compacted monolithic wall
and floor building material, often stabilized with fibreous
materials and other materials from plants to improve its
durability, strength and water-proofing ability. In South-
east Asia monumental buildings have been built with
indurated laterite and laterite rocks (temple of Angkor Vat
in Cambodia).

There are three main groups of laterite soils:

1. Laterite fine-grained soils (with gravel fraction of
less than 10 %) in the range of 0.06 mm to 2 mm in
diameter, with lateritic silts and lateritic clays in the
ranges from 0.06 mm downwards to 0.002 mm (if
one looks at the “textural” significance of later-
ite).

2.  Lateritic gravelly soils with particle sizes from 2 mm
to 60 mm in diameter.

3. Laterite rocks and boulders with particle sizes larger
than 60 mm in diameter (Fig. 128).

Specific gravity of laterite varies between 2.5 and 3.2. The
darker laterite is in colour, the heavier it is. As a simple
guidance to determination of physical properties of iater-
ite it can be said that a dark red to reddish-black laterite
has a higher iron oxide content and is harder than the
reddish-pinkish, reddish-light brown laterite, which con-
tains more aluminium oxide (Fig. 129).

All three groups of laterite listed above are useful as
material for construction. The fine-grained laterite soils
are most suitable for building because of their plas-
ticity.

In Ghana laterite soils are still used in the rural areas for
building in the following ways:

(a) Monolithic or wattle-and-daub construction, both
known as “swish” building;
(b) Sun-dried laterite bricks;
(c) Swishcrete. This is formed by adding lime or cement
to the soil. The stabilized laterite is then compacted
between a timber formwork or used for making
blocks;
Burnt bricks from lateritic clay. Of all construction
materials from lateritic soils these are the most dur-
able.
Ironstone — hardpans (also known as Cuirasse) from
weathered laterite rock. Care should be taken to select
compact hardpans from rock in the earliest weather-
ing stage, since rock at an advanced stage of weather-
ing will disintegrate into gravel. Laterite rocks and
boulders (concretionary laterite rocks and rock
pieces) are also used as concrete aggregates and as
road surfacing material in some African countries. In
Ghana, natural gravels are available in abundance for
such use as well as crushed rock aggregate. Studies
have, however, been undertaken to examine the use
of crushed laterite rock for concrete aggregate in
areas where these rocks are available and where
washed quartz gravels are not found. These studies
have revealed that the more ferrugineous laterite
rocks of the woodland savannah have higher
mechanical strength since they are more dessicated
with low natural water contents and higher specific
gravity values than the aluminious laterite rocks from
the forest zone. These are more hydrated under the
wet forest cover and have lower strenghts. (“Potential
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Use of Crushed Laterite Rock for Concrete Aggregate”
by M. D. Gidigasu, B.R.R.l., Seventh Regional Confer-
ence for Africa on Soil Mechanics and Foundation
Engineering, Accra, June, 1980).

In order to achieve a better durability and longer life for
buildings built with laterite swish or sun-dried laterite
bricks, water-proofing agents should be added to the
plaster with which the buildings are rendered. Main
defects of unplastered soil walls are cracks due to shrink-
age and erosion. Long eaves, proper gutters and solid
aprons around the building to allow quick drainage of
surface water into an open or partly covered drain are
additional measures with which a swish building wall can
be kept dry and therefore stable (see “Walls and Wall
Finishes”).

CLAYS AND CLAY PRODUCTS

The term “clay” is usually applied to certain earthly rocks
which are plastic when wet. This plasticity allows clays to
be moulded into almost any shape, which they retain
when dry.

In Ghana there are many widespread deposits of clays
which can be used in the building industry. The two main
types of clays suitable for this are:

1. Brown plastic clays;
2. High grade Kaolins.

The first group of clays is used for the production of burnt
bricks and tiles. These clays are mostly alluvial or residual
in origin and are derived from granites, gneisses, shales
and clayey sandstones of the various rock formations in
the country through the process of weathering, erosion
and sedimentation (Fig. 138 and 139). The deposits in
Ghana (conservative estimate of the Geological Survey
Department over 200 million m®) are located close
enough to population centres to be used in brick manu-
facturing. The clays are in general of excellent quality and
burn from red to buff.

Burnt bricks and roofing tiles are manufactured in the
industrialised countries in highly automated brick plants.
These plants rely on electric power and higher grades of
fossil fuels. They are very expensive to set up.
Investigations conducted in different developing coun-
tries have, however, shown, that a method of production
can be adopted which utilizes cheap available labour and
appropriate technologies for the establishment of local
brick and tile factories, based on clay mixing with a pug
mixer (driven by a Diesel engine), hand moulding of the
bricks in multiple moulds and firing in kilns.

In a country like Ghana where the cost of one bag of
cement is beyond the means of most of the average
prospective buyers (and is only available in insufficient
quantities) the setting up of small-scale brick factories
producing a variety of different burnt bricks and roofing
tiles provides an alternative to the “fashionable” (but too
expensive) conventional cement-sand block. It is often
not known that clay products are about the oldest build-
ing materials made by man (early civilizations: Egypt,
Sumer, Babylon).

The setting-up of a brick and tile plant for a tropical
developing country needs a considerable amount of
research and development work. The following will have
to be examined and decided:
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1. Availability and size of clay deposit {the quantity of
usable clay should be at least 75.000 to 100.000 tons

of clay to produce about 37.5 million bricks over a

period of 25 years).

. Suitability of the raw materials:

1.1 Brick clay;

.2 Sand (used as an additive of up to 40 % by
weight of the clay to reduce drying shinkage
and as release agent to coat the inside of
moulds);

1.3 Sawdust (as mould release or fuel);

.4 Water (to make the clay workable).

lll.  Analysis of commercial feasibility (including mar-
ket studies);

IV. Choice of technology;

V. Decision of fuel for firing (firewood, oil, gas);

VI. Availability of power {electricity or internal com-
bustion engine};

VIl. Design and preparation of project.
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F16.138 : DIAGRAM OF A SIMPLE FOREST SOIL CATE-

NAOVERGRANITE . FROM"WESTAFRICAN SOILS"BY
PETER M.ANN , OXFORD UNIVERSITY PRESS,LOKDON .

A,B —GRAVELLY RED AND BROWN UPLAND SEDENTARY SOILS ARE
FOUND AT'A"AND'B'ON SUMMITS AND UPPER SLOPES.THESE
GRADE DOWN -SLOPE INTO YELLOW -BROWN SANDY LIGHT

C - CLAY SOILS DEVELOPED INMIDOLE SLOPECOLLUYIUM AT'C’
AND NTO YELLOW-BROWN SANDY LOAM AND LOAMY SAND

D - COLLUVIUM AT'D".THE SOILS DEVELOPED IN LOCAL GRANITE-

E - DERIVED ALLUVIUM AT'E'ARE MOSTLY GREY TO WHITE SANDS
WITH SUBORDINATE AREAS OF GRITTY OR SANDY GREY CLAYS.
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Fig. 129: Laterite profile; exca-
vation for an extension
to the U.S.T. library,
Kumasi, 1981.

In a country like Ghana the production of burnt clay bricks
has hitherto depended heavily on firewood as the source
of fuel for firing. Although this is a renewable source of
energy itis not available in cheap quantities in more than
half of the country (e.g. in the Savannah areas). Since the
establishment of the refinery in Tema successful tests
have been made to burn residual oil in a continuous oil-
fired kiln at Fumesua, near Kumasi (B.R.R.I. Brick Project).

SURFACE - LEAF LITTER LAYER.

7,5 cm TOPSOIL -0 T0 7,5cm :VERY DARK
[F15  GREYISH-BROWN HUMUS LOAM,
ST CRUMBLY AND LOOSE. 7,5 10 15¢m:
J0VF30 DARKGREVISH -BROWN LOAM, LESS

19" HUMUS THAN ABOVE ,WEAKLY
CRUMBLY.

SUBSOIL-15¢m T0 1,2m :REODISH-
BROWN LIGHT CLAY, WEAK FINE
SUBANGULAR BLOCKY STRUCTURE,
CONTAINING FREQUENT T0 ABUN-
OANT IRONSTONE CONCRETIONS
AND SOME QLUARTZ GRAVEL AND
STONES.1,2 T0 1,85m : REODISH -
BROWN LIGHT CLAY TO HEAVY
11,20 m LOAM , TRANSITIONAL TO THE HO-
RIZON BELOW,USUALLY COARSE-
LY MOTTLED AND SOMETIMES IN-
DURATED.

WEATHERED SUBSTRATUM - BE -
LOW 1,85m : BROWN TORED SIL-
TY LOAM ,WITH TRACES OF SOFT
-1,85m WEATHERED PARENT ROCK { PHYL-
LITE OR SCHIST).

-60

-2,25m

F16.139: DIAGRAM OF AWELL-DRAINED UPLAND SEDEN-
TARY SOILDEVELOPED OVER PHYLLITE OR

SCHIST. FROM"WESTAFRICAN SOILS"BY PETER M. AHN,
OXFORD UNIVERSITY PRESS,LONDON .



Fig. 140: Brickmaking at Fumesua, B.R.R.l. brick plant near
Kumasi, 1981: Preparing the clods;

Fig. 141: ...cutting off surplus clay from mould;

With the cost of firewood steadily rising this method of
firing might prove cheaper even with expected increases
in the price of oil (Fig. 140 to 143).

Next to the Fumesua Brick Plant a pyrolytic converter
{which has been developed by the Georgia Institute of
Technology, U.S.A.) has been built which uses forestry
and agricultural wastes which are in abundance available
in this area (saw-dust and timber offal from the many
sawmills and carpentry workshops in and around Kumasi
etc.) for conversion into oil, char and gas.

In a rural set-up small brick plants could be built using
wood-fired clamps (Fig. 144). This is done in many
African and Asian countries. If later the demand for bricks
increases the clamp-fired bricks can be used to construct
a larger kiln e.g. Hoffmann continuous kiln or others. In
India, where coal is available, a local adaption of the
Hoffmann Kilnis used. It is known as Bull’s trench kiln and
has virtually replaced clamp burning in areas around
India’s large towns and cities where the demand for
bricks as building material is very high. In Pakistan the
same kiln is used and fired with natural gas.

Design constraints which will be faced in many tropical
developing countries with similar conditions as Ghana,
and which will be decisive in choosing the size of the
plant, output, energy used for kiln-firing etc. are:

(a) Low capital investment (including low foreign cur-
rency component);

(b) Technology which makes use of largely unskilled
labour force;

=5

Fig. 142: ...removing bricks from mould onto drying board.
Note drying racks in the background.

Fig. 143: Ready fired bricks.

(c) Simple machinery which should be such that spare
parts for maintenance or repairs can be produced
locally;

(d) Production activity will be restricted during the rainy
season. Place for stock of about a month’s supply of
clay, dry bricks and firewood {(if this is used for firing)
is therefore needed;

(e) Necessary equipment for the plant {except certain
machines) should be produced locally;

(f) In case of increase in labour costs the production
process should be thus that single operations (clay
digging, loading and un-loading of the kiln and dryer)
are suitable for mechanisation in the future;

(g) In the event of an increased demand for the product it
should be easy to extend the “operation sections”.

Brick and tile sizes: Table 1.
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FIG.144 : SIMPLE WOOD-FIRED CLAMPS . FROM"APPROPRIATE TECHNOLOGY ™, VOL.7 N°1, JUNE 1980 AND"BRICKMAKING 1N DEVELOP-
ING COUNTREES “BY J.P M.PARRY .

A SMALL CLAMPFOR ABOUT LO0O BRICKS (N WEST JAVA _EXTEANAL DIMENSIONS : 2m x 1,5m WIDE ,MAX . HEIGHT 2m { 20 LAYERS OF BRICKS
PLACED ONEDGE).FIREHOLE { AT ONE END ONLY } IS ABOUT 400 x 500 mm . BRICKS ARE LAID INALTERNATING DIRECTIONS .DRIED BRICKS ARE
BUILT UPARGUND THE CLAMP AS AN INSULATIVE COVER.THE CAVITY BETWEEN THIS WALL AND THE CLAMP AND ALSO THE TOP OF THE CLAMP ARE
FILLED WITH RICE HUSK (AFTER THE FIRING THE ASH CONTINUES TO CONSERVE HEAT INTHE CLAMP.LOGS OF W0OD ARE BURNT IN THE FIRE -
ROLE ,WHICH 1S BLOCKED OFF AFTER TWO DAYS TO ALLOW THE CLAMP TO BURN ITSELF OUT AND COOL DOWN _ CAVITY WALL BRICKS AND OUTER
CLAMP BRICKS ARE RE-FIRED.

B FIRING iS DOKE INCHANNELS UNDER THE CLAMP SETTING , ACTING AS HEARTH WITH A GRATE ( SOUTHERN SUBAN ) .THE CHANNEL MAINTAINS
THE FIRE WHILE PREVENTING TOO MUCH COLD EXCESS AIR FROM ENTERING THE BRICKSETTING .

)

2,

TABLE N° 1 : BRICKS MADE IN GHANA

THESE BRICKS ARE PRODUCED BY PRAMPRAM BRICK AND TILE €O, Lip .,
GIHOC BRICKS AND TILES LTD. AND VOLTA BRICK AND TILE LTD.
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KAOLIN

Kaolin is also known as “China Clay”. This mineral
commonly occurs as the decayed product of feldspars in
granite and pegmatites. Kaolin is a raw material used in
the production of sanitary wares, wall tiles and china
wares.

Locally produced ceramic products in Ghana (Saltpont
Ceramics) are:

Vitreous china water closets, urinals and cisterns;
Wash basins — 630 x 510 mm and 560 x 460 mm;
Hand basins — 500 x 320 mm;

Soap dishes — 150 x 150 mm;

Wall tiles (white and coloured) — 150 x 150 mm.

(Ghana Standards Applicable:

G.S. 168-1976: Glazed ceramic tiles and tile fittings for
internal walls.

G.S. 197-1978: Quality of vitreous
appliances.)

china sanitary

STONES AND THEIR USES

Stone has been one of man’s earliest natural building
materials and one of great endurance and beauty. The
pyramids of Egypt were built with cut stones around 2500
B.C. (Fig. 145). Cut stones of incredible size have been
used by the Incas to build temple, palace and fortress
walls, floors and roads in Cuzco, Peru (Fig. 146) more than
500 years ago, many of which still stand firm today. Some
of these rocks weigh more than 100 tons. The Inca
settlement of Machu Picchu in Peru built with stones and
carefully terraced up a steep mountain top, still remains a
puzzle today (Fig. 147).

As a material stone can have immense strength in com-
pression. Stones can therefore easily be used for the
construction of load-bearing elements in a building.
Stones are part of the parent material of soil. They are
classified in three main groups according to their forma-
tion:
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FI6. 146 - THE ANCIENT INCA WALLS IN CUZCO, PERU -
FROM"THE INCREDIBLE INCAS AND THEIR TIMELESS

LAND ™ BY L.MC INTYRE ,NATIONAL GEOGRAPHIC SOCIETY,

shed s

GROUP OF EGYPTIAN PYRAMIDS AT GIZEH,

2723 -2L75 B.C.[SKETCH FROM AN EGYPTIAN
POST CARD ).

FI1G.145 -

. Igneous Rocks: These are predominantly crystal-
line; formed by the molten rock magma, they are primary
rocks from which the other classes of rocks are ultimately
derived. They can be acid rocks (of light colour — because
of the presence of free quartz} and basic rocks {(of dark
colour — because of the presence of ferro-magnesium).

. Sedimentary Rocks: These result from disintegra-
tion of pre-existing rocks through weathering after expo-
sure at the surface of the earth. The weathered material
has been worn down, transported and deposited as
sediment. They contain calcareous minerals (limestone,
dolomite), siliceous minerals {sandstone) and argillace-
ous minerals {shale).

. Metamorphic BRocks: These are igneous or
sedimentary rocks that have been changed substantially
by heat and pressure.
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F16.147 : THE RUINS OF MACHU PICHU - an IMPRESSION BY

THE AUTHOR .
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Fig. 148: Garnet hornblende Gneiss from the Shai Hills near
Tema, 1981.

L4

F

5 i 28

Fig. 149: Mole Game Reserve Motel near Larabanga, Northern
Region, built with sandstones. Architect: HANNAH
SCHRECKENBACH, 1962.

Ghana's geology is such that many durable construction
stones can be found in various parts of the country (Map
No. 7). These are:

(a) Granites and granodiorites from the post-Birrimian
granitic rocks (Fig. 125);

(b) Gneisses (garnet hornblende gneisses) from the
Dahomeyan rocks {Fig. 148);

{(c) Sandstones (compacted and cemented quartz grains)
from the Voltaian formation which is covering nearly
half of the country;

(d) Quartzites from the Togo series;

(e} Porphyries, syenite, andesite, dolerite and gabbro
from the Birrimian and post-Birrimian granitic
rocks.

Some of these stones are very beautiful and can be used -

polished — as ornamental stones.

Dimension stones are expensive to produce and require
an own industry for cutting and dressing. Moreover the
cost of transportation of the stones to the sites is very
high. Untreated stones have been used where they are
found exposed. Cutting and dressing them (especially in
the case of sandstones) can be done by unskilled labour
at reasonable costs on the site (Fig. 149).

Broken and crushed stones are extensively used for
concrete aggregates and road building materials.
Calcareous stones and their uses are the following:
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(a) Limestone: Together with clay limestone is one of the
main ingredients in the manufacturing process of
cement {(see 3.2.2 Concrete, Cement). When limes-
tone {calcium carbonate) is calcined lime is obtained.
Although the most modern plants are highly
mechanized and automated, lime is still burned in
very simple kilns as it was done long ago. Lime is an
important material for the building industry as well as
for the glass producing, chemical and pharmaceutical
industries. Limestone is not only used for making
lime, and for cement production, it is used directly as
afluxiniron and steel and other metal production. Itis
also used in road construction. Indeed, limestone
ranks amongst the most important mineral products
processed in the industrially developed countries. Its
importance for the developing countries in their
efforts to develop their own local building material
industries is being recognized. Ghana has large fime-
stone deposits (Map No. 8).

(b) Dolomite: This is a calcium magnesium carbonate.
Besides its main use in the manufacture of refrac-
tories and as a flux in the manufacture of steel, it is
used in the manufacture of concrete aggregate. In
glass-making, as much as 30 % of the charges may be
dolomite or limestone. As with limestone, dolomite is
available in Ghana and is used by the Steel Works
(Tema), Glass Factory (Aboso} and Ceramic Works
(Saltpond). Dolomitic variegated limestone which is
also found can be used as chippings for terrazzo
works. Terrazzo chippings have hitherto been
imported from ltaly. Dolomitic limestone can also be
used for cement manufacture, though a special tech-

nology will be required for this.
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Fig. 151: ZANA-mat door in a Kusasi house at Binaba, 1976.

Fig. 150: Dried millet and guinea corn
stalks for floor mats outside a
Kusasi compound at Zebila,
Upper Region. in the foreground
grassbundlesforthatching, 1968.

Fig. 152: IMPERATA CYLINDRICA bundles
for thatching.

3.1.2 PLANTS AND WOODY PLANTS

The traditional builder still uses piants in many different
ways. Different grasses are used for thatching. Leaves of
different palm trees are used for making mats, screens
and for thatching (Fig. 150). Some of the most common
species will be listed here and their uses described.

GRASSES AND LEAVES

(a) Andropogon Gayanus: A common thatching grass
found in the coastal and interior savannahs. It grows
very high {up to 3.5 m), with long, linear blades,
tapering to a fine point. This grass is also used in the
North of Ghana for weaving coarse rough grass mats
(Zana-mats) for walls, screens and wind-protection
(Fig. 151).

Cymbopogon Giganteus: Also used for roof thatch-

ing. Itis atall bunch grass (up to 3 m) with long blades.

The leaves have a strong lemon-like scent when

crushed (the grass is also called “Lemon-grass”) —

they can be boiled and drunk as tea. The grass is
distributed throughout the coastal and interior savan-
nahs.

(c) Heteropogon Contortus {Speargrass): This is a grass
of the northern savannah and used for thatching in
the areas where it is found.

(d) Imperata Cylindrica: A bunch grass which grows to
about 1.2 m high. Its blades are stiff, long and erectup
to 1 m in length. It is a common grass found in the
savannah woodland, near rivers (Fig. 152). This grass
is mainly used for thatching (see “Construction
Methods in the Fishing Communities along the Coast
of Ghana, Buildings of the Anlos”).

(b
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(e) Jardinea Congoensis: A very tall bunch grass (up to 4

(f)

m) with long linear blades tapering to a fine point.
Infrequent but widely distributed in coastal and
interior savannahs and occuring also in shallow water
and marshy areas. Used for thatching and making
mats for screen walls.

Schizachirium Sanguineum: A bunch grassupto3m
high in the northern interior savannah, where it is
used for thatching.

(g) Marantochloa Flexuosa: A tall, bamboo-like shrub.

The leaves are used for thatching.

(h) Raphia Hookeri (Raphia palm): A palm tree of the

(i)

)
(k)

Fig. 154: .. fixing them around two split pieces of bamboo;
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Fig. 1563: Making rooftiles from the leaves of RAPHIA HOOKERI:

forest and transitional forest areas. Leaflets of this
palm tree are used for making “palm leave tiles” (Fig.
153). They are taken off the midrib, folded around a
thin sliver of bamboo and then “sewn” together with
thin and small bamboo pieces. A size of one such tile
is about 1 m by 500 mm. After they have been allowed
to dry for a few days, the “prefabricated” tiles are then
tied to split bamboo purlins which in turn are fixed to
the rafters (also bamboo or timber), a work normally
done by men (Fig. 154 to 157). The petioles of the
leaves are often used as purlins and framework for
daubing. Split, they are used for screens and
fences.

Cocos Nucifera (Coconut palm): The leaflets, with the
split midribs are used for thatching. The same applies
to:

Elaeis Guineensis (Oil palm): The leaflets and petioles
are used as in h) and i).

Cola Gigantea: A medium to large forest tree of which
the broad leaves are used for thatching.

—

Folding the leaves;

(I} Phragmites Vulgaris (ph. Karka): The stems of this
reed are used for roofing, hut walls and fencing. Split,
they are used for screens.

(m)Hippocratea Africana: A tough woody climber, very
flexible, durable and termite resistant. It is the tradi-
tional tying and binding material for house and fence
building.

(n) Pandanus Candelabrum: The leaves of this tree are
arranged spirally, long, broadly linear. The young
leaves are woven into sleeping mats after they are
scraped with a knife to expose the fibre which is laid
into the sun do dry (Fig. 158). The fibre is also used for
rope making.

Fig. 157: Detail of a roof covered with Raphia palm leave tiles,
shown from underneath.




Fig. 158: PANDAMUS leaves laid out for drying in Aviefe, Volta
Region, 1980.

FRUITS AND BARK

The acqueous extracts of empty fruit pods, as well as
from boiling the bark of some common savannah trees
are used as plaster, wall and floor stabilizer in Northern
Ghana.

(a} Parkia Clappertoniana (or West African Locus Bean):
The acqueous extract gained from boiling the empty
fruit pods is of purple brown coiour. When mixed with
cow-dung, ithardens laterite walls and floors (Fig. 159
and 160). It is more often applied on top of the freshly
plastered or decorated walls. As already described
and shown in Fig. 34 (“Wall Finishes, Traditional
Building Methods in the Northeast of Ghana”), where
it is also acting as waterproofing agent. Sometimes,
the bark (possibly due to its tannin content) ist also
boiled out and the extract used for the same pur-
pose.

{b) Syzygium Guineense: This tree is common along

stream banks, in the savannah orin wet forests and on

the edges of closed forest. Its bark contains tannin and
is often used instead of Parkia Clappertoniana for
hardening and waterproofing laterite mud floors.

Rhizophora (Red Mangrove): When some Ashantis of

the Gold Coast (with Prempeh I.) were exiled to the

Seychelles by the British towards the end of the last

century, they saw how the dark-red bark of this small

tree (common in the lagoon areas along the coast)
was boiled and used for polishing wooden floors.

They introduced this practice to Ghana on their

~—

(c

\ A HAK /)

Fig. 159: PARKIA CLAPPERTONIANA leaf. The shape of this leaf
is a common motif for decoration on the northern
compound walls.

return. The bark of this tree contains about 30 %
tannin. It is also used in Sierra Leone for dyeing
wooden floors dark-red (after burning the bark and
mixing the ash with soda).

(d) Butyrospermum Parkii (Shea Butter tree): From the
kernels of the fruits shea butter is being prepared by
women in the northern savannah areas of Ghana
where this tree is very common. During the butter
preparation process an oily brown paste is left over
after extraction of the oil and butter. This residual
meal is used by the local builders as waterproofing
material on the walls, floors and flat mud roofs of their
houses.

BAMBOO, THE GIANT GRASS

“Bamboo is all things to some men and some things
to all men” (L. Marden: “Bamboo, the Giant Grass”,
National Geographic, Vol. 158, No. 4, October, 1980).
“Bamboo is like a man in a high position and of
excellent character. A man like this is capable of
bowing down, like bamboo — the taller it grows, the
lower it can bow down” (Javanese saying).

In the world there are about a thousand species of
bamboo of different genera. Bamboos grow best in
Southern Asia. Native bamboo regions occur roughly
between the Tropic of Cancer and Tropic of Capricon (Fig.
161). There are giants of 40 m in height and small
bamboos the size of ordinary field grass (Fig. 162). The
most striking characteristic of bamboo is its fast vertigi-
nous growth —one can literally “see it grow”. Catalogues
of well over a thousand different uses of the giant grass
have been compiled.

In the humid tropics it has been and still is used as a
traditional natural building material. In fact the impor-
tance of certain species of bamboo as building material
has been recognized in many tropical developing coun-
tries. The Department of Economic and Social Affairs of
the United Nations has published a reportin 1972, “The
Use of Bamboo and Reeds in Building Construction”. One
aim of this report is, among others, to provide necessary
information about techniques of bamboo and reed con-
struction and also to stimulate research on improving
properties of bamboo and reed and on improving tradi-
tional methods used for building with bamboo and
reed.

Fig. 160: Boiled-out fruit pod of the same tree.
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Fi6.161 : SPREAD OF BAMBOO THROUGHOUT THE WORLD
FROM “NATIONAL GEOGRAPHIC",VOL.158 ,N°4L-10/1980.

All bamboos grow up from rhyzomes, underground
stems that send up shoots. They grow in cilumps of culms
(Fig. 163). These mature in two to six years (large species
may take longer).

In Ghana three species are known:

(a) Bambusa Vulgaris (Yellow and green striped bam-
boo or plain green): This bamboo ist pantropic in
cultivation. It is very fast growing. Its wood is
moderately thick and strong; susceptible to attack
by Dinoderus {the powder post beetle).

(b) Dendrocalamus Strictus (Male Bamboo - India):
This is a green stemmed bamboo forming dense
clumps up to 30 m high, stems are 125 mm in
diameter about 1 m from the ground. The outer
shell of the culms is hard and strong, but elastic. ltis
the most widely spread and universally used of the
Indian bamboos. In South-east Asia this bamboo is
used for general building purposes, for scaffolding,
fences, furniture, masts etc., when it is about 3
years old. It has been introduced into Ghana and
could be very well developed into a cheap but
versatile and durable building material.

PACIFIC
OCEAN

EQUATOR

INDIAN

TROPIC OF CAPRICORN

NATIVE BAMBOO REGIONS

(c) Oxytenanthera Abyssinica (Savannah Bamboo): A
darkgreen greyish bamboo of 10-15 m in height,
growing in dense clumps. The culms are solid and
semi-solid, the largest hollow, 100 mm in diameter.
This bamboo is widely distributed throughout
tropical Africa and quite common in Ghana where
the stems are used as rafters for roof building, for
roofing and roofing pegs, as fences, furniture, etc.
Younger shoots are used as bamboo canes for
many domestic and horticultural purposes.

PHYSICAL AND MECHANICAL PROPERTIES OF BAM-
BOO (Table 2):

I DIMENSIONS:
As already mentioned before some bamboos grow
to a height of around 40 metres (Dendrocalamus
Giganteus), others are no larger than small shrubs.

WEIGHT 648 kg / cm?
SPECIFIC 0-5 16 0-79,
GRAVITY MEDIAN 0-65

STRENGTH
MODULUS OF 125000 TO
ELASTICITY 195000 kq/cm?

{AVERAGE

(MATURE CULMS ) 2
160000 kg /cm)

Fig. 162: Bamboo clumps in the Botanical Garden of U.S.T.,

Kumasi, 1981. tagLe2: PROPERTIES OF BAMBOO
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MODULUS OF 900 70 1700 kg/cn?
RUPTURE ( AVERAGE :
1300 kg /em))
COMMPRESSIVE | 315 T0 725 kg/crf
STRENGTH [AVERAGE
PARALLELTO 520 kg,cml)
GRAINS
TENSILE 1400 10
STRENGTH 2800kg /cm?
PARALLEL TO
GRAINS



LIVING TISSUE OFBAMBOO IS SCATTERED THROUGH -
OUT THE CULM WALLS

CULM
NODES OR JOINTS

SHEATHS PROTECTING THE SHOOT. GROWING TIP
WILL ELONGATE IN STAGES LIKE ATELESCOPE .

RHIZOME BRANCHES UNDERGROUND FROM THE

PARENT RHIZOME
——PARENT RHIZOME

F16.163 : GROWTH AND STRUCTURE OF CLUMP BAMBOO
FROM"NATIONAL GEOGRAPHIC™,VOL. 158 ,N°4-10/1980.

The culm diameter varies from 10 t0 300 mm. There
are 65 species of bamboo from about 10 genera
(groups of related species) which are used in con-
struction.

II.  WEIGHT:

Bamboos are light in weight compared to structural
timber. The specific gravity of bamboo varies be-
tween 0.5 to 0.79 (average 0.65), which would make
the weight of it 648 kg/m?®.

lil. STRENGTH:

Strength of bamboo varies with species, age, condi-
tions of growth, moisture content, disposition of
nodes and position along the culms. When design-
ing a structure in bamboo these points should be
known.

The culms have a characteristic physical structure
that gives them a high strength-weight ratio. Nearly
round in cross section, usually hollow, they have
rigid cross walls at the inter-nodes which prevent

1 THESOLUTION FLOWS SLOWLY FROM ONE
END OF THE BAMBOO (CONMNECTED TO THE
CONTAINER WITH THE PRESERVATIVE ) T0
THE OTHER END.THE SOLUTION CAN BE
COLLECTED AND RE-USED, EXCEPT FOR
THE FIRST SAP FLOWING QUT AT THE LO-
WER END OF THE BAMBOO.

sl
YR

LIVING TISSUES IN A TREE
ARE ONLY IN THE CAMBIUM,
INTHE OUTERMOST RING UN-
DER THE BARK

2 DIPPING OR STEEPING : FROM

collapse on bending. Near the surface of the culms
are concentrated the strong, hard tissues of high
tensile strength. This is an ideal position for giving
the culm its mechanical strength. Generally the
strength of mature air-dried culms is higher than
that of green culms. With kiln-drying these proper-
ties can be increased (elasticity, tensile and bending
strengths). Bamboo tends to split, particularly in the
internodes. Joints used in building with bamboo
are achieved through lashing (see “Building with
Bamboo”), because the splitting tendency pre-
cludes the use of nails or screws. On the other hand
the substance and grain of bamboo is such that it
can easily be divided by hand into shorter pieces by
sawing or chopping or into narrow strips by split-
ting {for mat walls and screens).

IV. DURABILITY:

Bamboos are highly susceptible to destruction by
wood-eating insects and rot-fungi. When dry they
also burn easily. Bamboo can, however, be treated

THE TRANSPIRATION OF MOISTU- 3/
RE FROM THE LEAVES AND BRAN-
CHES WHICH REMAIN IN THE AIR, |

THE PRESERVATIVE SOLUTION IS im oy
DRAWN UP INTO THE BAMBOO ‘ e N
THROUGH THE CULMS.

F16.164 8 165 : PRESERVATION OF BAMBOO BY BOUCHE-
RIE PROCESS AND BY BIPPING

{ FROM “BAMBOO ™~ BY J.JANSEN ,UNIVERSITY OF TECHNOLOGY,
EINDHOVEN, THE NETHERLANDS ).

NOTE :THE BOUCHERIE PROCESS IS CONSIDERED TO BE THE BEST
METHOD .
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Fig. 166: Corn storage barn from bamboo, Kuntanase, Ashanti

in different ways with suitable chemicals. Methods
used in India where bamboo has been and is being
used in construction of village houses and other
structures are:

BY STEPPING PROCESS: After removal of
branches and leaves the culms are put {standing
up) into a container holding the preservative solu-
tion, to a depth of 300 to 600 mm into a solution of
Copper-Chrome-Arsenic composition {or Copper-
Chrome-Acetic Acid). This process takes some
time. Itis easier to dip the freshly cut stems into the
solution with the branches and leaves still attached
(Fig. 164). These help to draw up the preservative
solution through transpiration of moisture from the
leaves. Treatment lasts about 2 days (depending on
length and species of the bamboo and on the
prevailing climatic conditions).

BY BOUCHERIE PROCESS: The freshly cut bamboo
stem (with branches and leaves attached) is con-
nected with a tube to the container with the pre-
servative solution. The stem is placed at a slight fall
away from the container, to allow the solution to
flow slowly through the whole bamboo. The solu-
tion can be collected at the lower end for re-use.
This process has proved to be the most effective
(Fig. 165).

BY BOUCHERIE PROCESS WITH PUMP: The reser-
voir containing the preservative solution is made
air-tight. A hand-air-pump is attached to it to
increase the rate of flow of the solution through the
bamboo. The treatment time is reduced. The nor-
mal Boucherie process takes from 1 to 5 days
depending on the length of the stem and the
species. There are a variety of different chemical
solutions which can be used. The durability of
bamboo also increases through proper seasoning
to reduce the moisture content. The stem should be
mature before air- or kiln-drying.

For the preservative treatment the bamboo should
be freshly cut and have a high moisture content
which improves its treatability.

To treat bamboo with fire retardant chemicals in
the same way as structural timber is rather costly
for the types of houses built of bamboo. A combina-
tion of chemicals suitable for treatment against
insects, rot-fungi and for fire-resistance would be
appropriate.

Region, 1979.

BUILDING WITH BAMBOO

In Ghana bamboo is being used for the construction of
storage barns and cribs, (Fig. 166) as framework for
wattle and daub walls, as roof structure, for fence build-
ing and for the manufacture of furniture (Fig. 167 and
168). It should, however, be possible to cultivate on a
large scale species of the Dendrocalamus group which
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Fig. 167: Bamboo fence in Kpandu, Volta Region, 1980.

Fig. 168: Bamboo chair produced in the Department of Rural
Arts, College of Art, U.S.T., Kumasi.




are suitable for building construction, especially
Dendrocalamus Strictus and Dendrocalamus Giganteus
as well as other Bambusa species, e.g. Bambusa Balcoa,
Bambusa Polymorpha (both common bamboos in India,
Bangladesh, Burma and Thailand), or species common in
South America as Guada Angustifolia {Columbia and
Ecquador}, a bamboo resistant to rot-fungi and wood-
eating insects.

It should be a challenge to any architect to design bam-
boo houses suitable for tropical developing countries
which show an awareness of the strength and beauty of
bamboo as a building material, its aesthetic qualities and
its versatility, as shown in bamboo houses in Japan, Java
and Malaysia and in experimental bamboo structures put
up at the Forest Research Institute, Dehra Dun in India
(Fig. 169).

1.  FOUNDATIONS:

Until a reliable and economical treatment of bam-
boo has been developed for preserving bamboo
posts which have been driven directly into the
ground (common feature of traditional bamboo
structures in many countries) it is advisable to use
more durable material than untreated bamboo for
the foundations, e.g concrete, stones, brick.

2. FRAMEWORK:

More often the structural framework of a house
which has bamboo floors, bamboo board or mat
walls and a bamboo roof structure is made of a
different material, in most cases from durable hard-
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EXPERIMENTAL STRUCTURE WITH WALLS OF
BAMBOO MATTING,BAMBOO AND MUD AT THE

FOREST INSTITUTE,DEHRA DUN,INDIA - FRoM
“THE USE OF BAMBOD AND REEDS fNBUILDING CONSTRUCTION)
UN.PUBLICATION ST/ SOA/ 113,

F16.169 :

FIG.170 : FIXING AND SECURING BAMBOO BOARD FLOORS

FLOORS ARE NORMALLY ABOVE THE GROUND WITH USABLE SPACEBELOW.
SUPPORTING BAMBOO FRAMEWORK IS LASHED TOGETHER WITH THIN
STRIPS OF BAMBOO .FLOOR COVERING CAN BE MADE OF SMALLWHOLE
CULMS ,STRIPS OR BAMBOO BOARDS MADE BY OPENING AND FLATTEN-
ING OUT WHOLE CULMS.(FROM :"THE USE OF BAMBOOD AND REEDS
INBUILDING CONSTRUCTION ",DEPARTMENT OF ECONOMIC AND SO-

CIAL AFFAIRS, UN.,ST/S0A/ 13).

wood. In earthquake areas a bamboo framework
has a superior resiliency than a rigid timber
framework.

3.  FLOORING:

To prevent inundation by surface drainage the
floors of bamboo houses should be raised above
the ground. The sheltered space below the floorcan
be utilized for different purposes (Fig. 170).

4. WALLS:

In Indonesia a common method of wall construc-
tion is with bamboo boards (Fig. 171). The boards
are covered on both sides with closely plaited
matting on internal walls. External walls are plas-
tered on one or both sides. A fine-weave matting
does normally not receive any paint or other finish.
If it should be plastered the weave is arranged open
(Fig. 172).

In a wattle and daub wall construction bamboo lath
is used as the base for the application of mud mixed
with clay, organic fibres or cow-dung on both sides.
Very often this bamboo lath is eaten away by
termites and the walls easily collapse. To avoid this
the mud plaster may be mixed with an anti-termite
solution as protection.
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OVER VERTICAL
BAMBOO POSTS

PLASTER FINISH

BRICK OR STONE
BASE

11

F16.172 : WATTLE WALL CONSTRUCTION

1-WOVEN BAMBOO STRIPS
2-SPRUNG STRIP CONSTRUCTION
{FROM " THE USE DF BAMBOO AND REEDS INBUILDING CUNSTRUET!UN:'

UN.ST/SDA/MI).

Another wall construction is the wattle wall in
various different variations. In all these construc-
tions bamboo lath is used as a base for receiving
mud plaster that is applied on one or both sides.
The mud is mixed with clay, organic fibre or cow-
dung. As already mentioned it would be advisable
to include in the plaster mix a solution of Dieldrin or
other anti-termite chemicals {16 litres/m® of a 0.5 %

emulsion).

5. ROOFING:

Bamboo ist frequently used for both the roof sub-
structure and the actual roofing:

(a) Bamboo tile roofing: This is made of halved bam-
boo stems which run the full iength from eaves to
the ridge. Culms used for roofing tiles should be
well seasoned. Minimum pitch of such “Roman
Pattern” roof should be 30°.

(b) Bamboo Shingles: From very large diameter culms
atype of bamboo shingle can be cut to a size of 30to
40 mm in width and the length equal to the distance
between nodes. It is rather a tedious process requir-
ing about 200 such shingles to cover one square
metre of roof surface and needing a skilled hand,
but the outcome is a completely watertight (pitch =
30°) and beautiful roof (Fig. 173).

6. BAMBOO SCAFFOLDING:

Since ancient times bamboo poles lashed together
have been used as scaffolding. Bamboo, because of
its strength and resilience is an ideal material for
this purpose. In Hongkong the guild of high-rise
bamboo scaffold riggers is a rather exclusive craft
union. They rig up scaffolds for multi-storey struc-
tures up to 30 storeys and more by tying the
scaffolding to the external walls of the structure.
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THE FULLCULMS ARE

SPLIT OPEN.THE SPLIT
PIECES ARE CUT TAN-

GENTIALLY [a) OR RA-
DIALLY (b).

\‘ |

BAMBOO BOARDS AND
MATS ARE USED FOR
FLOORING AND WALLS.
THEY ARE PLAITEDFROM
SPLIT CULMS BY HAND
INDIFFERENT DESIGNS.

F16.171: BAMBOO BOARDS AND MATS - FRoM ITHE USE
OF BAMBOO AND REEDS IN BUILDING CONSTRUCTION ", UK.,

ST/S0A/ M3,
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F16.173 : BAMBOO SHINGLE RGOF CONSTRUCTION,

EAVES DETAIL AND VIEW OF SHINGLE COVER

AND SUBSTRUCTURE - FROM ."THE USE OF BAMBOO AND REEDS

INBUILOING CONSTRUCTION ™, U.N., ST/SOA/ M3,

FIG.174 HONGKONG SCAFFOLD RIGGERS ERECT BAMBOO SCAFFOL-
DING WITH STRUCTURES MORE THAN 30 STOREYS HIGH.
THE BAMBOO POLES ARE LASHED TOGETHER WITH STRIPS
OF SPLIT BAMBOO.{ FROM :"BAMBOO  THE GIANT GRASS
BY L.MARDEN  NATIONAL GEQGRAPHIC ,VOL.158 N4,
OCTOBER 1980) .

AT THE EAVES THE RAFTERS ARE
TIED TOGETHER WITH ABAMBOO
EAVES BEAM OF ABOUT 100mm
DIAM.THE RAFTERS ARE CUT
INTO AND TIED TOTHIS BEAM.

70 mm DIAM BAMBOO RAFTER TIED TO
BAMBOO PLATE OF SAME SIZE AND POST
OF 100 mm DIAM . CULMS OF ABOUT LOmm
DIAM. ARE SPLIT INTD HALVES FOR PUR-
LINS . THE SHINGLES ARE MADE FROM
MATURE BUT STILL GREEN CULMS OF MA-
XIMUM DIAMETER .THEY ARE FORMED OF
SPLIT SEGMENTS 30 70 40 mm WIDE
AND AIR-DRIED UNOER COVER.THEIR
LENGTH IS EQUAL TO THE DISTANCE BET-
WEEN NODES .HANGING SPLITS ARE CUT
INTO EACH SHINGLE WITH WHICH THE
SHINGLES ARE HOOKED TG THE PURLINS.
ADDITIONAL NAILING IS NECESS ARY
THROUGH THE OVERLAPPING SHINGLES.
THE SPLIT PURLINS ARE NAILED T0 THE
RAFTERS WITH 20 mm FLAT TOP NAJLS.

The bamboo posts and beams of the scaffold are
lashed together with strips of split bamboo. These
scaffolds have withstood typhoons when tubular
steel scaffolding has crumpled (Fig. 174).

LAMINATED BAMBOO FRAMEWORK:

A Congress took place in Jakarta, Indonesia (Inter-
national SUBUD Congress) in 1971, for which 1,500
participants had to be accommodated. It was
decided to build bamboo structures for the dor-
mitories, cafeteria, dining hall, information centre
etc. The dormitories were built as traditional 2-
storey long house type of living quarters. For the
construction of these structures a semi-prefabri-
cated system was used in form of laminated bam-
boos framework.

JOINTS:

The different joints used in horizontal and vertical
connections of bamboo are explained in Fig. 175
and 176. For lashing split bamboo is used in strips
of 600-1000 mm length.

BAMBOO REINFORCEMENT OF CONCRETE:

As far back as the 1930’s several experiments were
carried out in Europe {Germany and Italy) and since
after World War ll also is Asia (China, Japan and the
Philippines) to test the performance of bamboo as
reinforcement in concrete beams. The most recent
and comprehensive information on this subject can
be found in a report by Prof. H. E. Glenn: "Bamboo
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£16.175 : JOINTS INBUILDING WITH BAMBOO - BUTT,
SADDLE AND SEATED JOINT.

A - SADDLE JOINT BETWEEN A HORIZONTAL AND
VERTICAL MEMBER.AHOLE IS DRILLED INTO
THE VERTICAL MEMBER TO FACILITATE LA-
SHING .

B~ THIS CONNECTION ,THE SEATED JOINT, USES
THE STUMP AT ANODE BR AN INSET BLOCK
FOR SUPPORTING THE HORIZONTAL MEMBER.

C-BUTT JOINT : ATONGUE IS LEFT AT THE END
OF ONE MEMBER WHICH IS WRAPPED AROUND
THE OTHER MEMBER ANO LASHED TD THE
FIRST MEMBER.

D - fOINT USING HARDWOOD TENDON AND KEY.

Reinforcement of Portland Cement Concrete Struc-
tures” (Clemson College Engineering Experiment
Station, Bulletin 4, Clemson, South Carolina 1980 —
U.S.A.} A summary of the investigations into the
possible use of bamboo as reinforcement of con-
crete shows that:

(a) Although the ultimate tensile strength of some
species of bamboo in direct tension is about the
same as that of mild-steel — from 1,400 kg/cm? to
2,000 kg/cm?, it is in practice not possible to make
use of the complete tensile strength when it is
embedded in concrete, because of the poor bond
strength between bamboo and concrete and the
low modules of elasticity of bamboo.

(o) Bamboo as reinforcement, even if seasoned,
absorbs large amounts of water present in the wet
concrete, resulting in initial swelling and subse-
quent shrinkage as the concrete matures, and ulti-
mately in longitudinal cracks in the concrete and
poor bond formation. This can partly be overcome
by applying a water-repellent coating to the bam-
boo reinforcement (asphalt emulsion or coaltar).

(c) Selection, seasoning, preparation and treatment of
bamboo for reinforcement should be carefully car-
ried out. Only mature bamboo should be selected.
Split (not wider than 20 mm) bamboo has better
load capacities than whole culms.

Bamboo is already used as reinforcement in the
Phillippines for small building structures, covers for
septic tanks, working tables in markets, kitchens
etc. But more research is necessary to study the
effect of bamboo as a compressive reinforcement,
to find more exact data on diagonal tensional rein-
forcement and on the bond between bamboo and
concrete.
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Fi16.176 - JOINTS USED IN BUILDING ASIMPLE ROOF

TRUSS -FROM :"THE USE OF BAMBOO AND REEDS IN
BUILDING CONSTRUCTION ", UN.,ST/S0A/113.

e

Fig. 177: Floor mat from bamboo, made in Ghana, 1980.

3.2 MAN-MADE MATERIALS

In this section materials developed by man from the raw
material stage through a process of extraction, proces-
sing, dressing and manufacturing to finished and usable
building materials will be described. To a large extent
these materials or the raw materials from which they are
produced are imported and contribute to the high cost-
factor in construction in tropical developing countries
(especially when considering the dependency on the
price fluctuations on the overseas market for basic mate-
rials as well as equipment and construction plant), and
also use scarce foreign currency reserves. An attempt will
be made to explain the use of possible substitutes for
some of these raw materials from local sources in Ghana.



Examples will be described of similar developments in
other developing countries with conditions resembling
those of Ghana. One partin this section will deal with the
production of building materials from agricultural, for-
estry and industrial wastes.

The importance of establishing building material indus-
tries using local materials and available wastes has been
recognized by many developing and developed coun-
tries. In these countries different areas for development
in the building materials industries have been identified.
In Ghana these areas are:

(a) Materials for all construction (stabilized soil blocks
and bricks, burnt clay bricks, stones);

(b) Materials for the structural framework — foundations,
columns, beams, slabs {(cement, lime, pozzolana,
steel, timber);

(c) Materials for roof construction (burnt clay tiles,
aluminium, asbestos-cement and materials from
waste).

3.2.1 STABILIZED SOIL BLOCKS

When soils are stabilized with certain stabilizing agents
these impart improved properties to the soils which they
alone do not possess: Better technical quality, higher
mechanical strength, durability, better cohesion and with
this better thermal properties.

The principle of stabilizsation is therefore to increase the
strength of the soil and to maintain it to a reasonable
extend when wet. This is achieved by adding:

(a) Cementitious materials (mostly Portland cement) in
quantities which will cement the soil particles
togetherin a similar way as binding of an aggregate in
ordinary concrete;

Hydraulic lime and lime pozzolana mixes. Pozzolanic
reaction occurs between lime and some clay minerals
to form different cement-like compounds which act
on the soil as cement. Lime stabilizes the soil against
changes in the moisture content;

Bitumen, asphalt and certain resins. These are water-
proofing agents which provide a physical barrier
against the passage of water.

(b

{c

In most cases the addition of Portland cement is sufficient
to help resist moisture movement.

The proper soil for stabilization with cement does not
shrink appreciably when dried, is very compactable,
should consist of a right mixture of sandy, silty and clayey
materials and achieves high strength. The mixture should
be prepared and processed in the following way:

1. Mixing of components;
2. Compaction of mixture;

3. Drying and curing.

Before this it is essential to choose a well graded soil. This
will contain the correct proportion of different particle
sizes. The soil should be completely free of organic
matters and soluble salts.

Tests have shown that an addition of 4 % to 8 % cementis
sufficient to produce a block which has a compressive
strength similar to or even greater than an ordinary fired
clay brick:

To determine the correct amount of water for the mixture
a simple test should be made: One takes a handful of the
prepared mixture and squeezes it inside the hand. If the

mixture retains the shape of the hand, does not soil the
hand, can be pulled apart without disintegrating and,
upon dropping it from a height of about 1.00 m disinte-
grates into loose material on the ground similar to the
original mixture, then the mixture has the correctamount
of water.

There are different ways of making blocks. The simplest is
with the help of moulds. These are normally made from
wood, rigid or from detachable parts and hinged, with a
rammer of the same material. More commonly used are
mechanical (hand-operated) moulders which have been
developed as simple presses. These are:

CINVA-RAM

Originally designed by the Inter-American Housing and
Planning Centre (CINVA) in Bogota, Columbia (Fig. 130),
this hand-operated press is now manufactured in several
countries under licence from the IBEC-Housing Corpora-
tionin New York, U.S.A. Block size produced is 290 x 140 x
90 mm, solid or half-hollowed. Manufacturer: CINVA-
Ram, Metallibec Ltd., Bogota, Columbia.

TEK-BLOCK PRESS

Designed and manufactured by the Department of Hous-
ing and Planning Research, Faculty of Architecture of the
University of Science and Technology in Kumasi, Ghana,
this press has a lever arm made from timber instead of
the 3-piece metal arm used for the Cinva-Ram. The TEK-
Block press requires less numbers of operations than the
Cinva-Ram (Fig. 131 to 135). Block size produced is 290 x
215 x 140 mm. From one bag of cement as stabilizer 60
soil- cement blocks can be produced (4 % cement addi-
tion), which are suitable for all structural and external
walls. For foundation walls the cement mix should be
richer, from 6 % to 8 %, these blocks should also be
allowed to dry and cure longer than the blocks for the
walls.

T{p 1COVER: JOINEDTO

| THE BOX BY TWO M0-
VABLE RODS TO AL-

LOW IT TO SLIDE OPEN
AND TO CLOSE.

2 LEVER,WHICH SETS
THE PISTON IN MO-
H.
3METAL MOULD BOX,
SUPPORTED BY FOUR
STEEL ANGLES, THE
A FRAME OF THE WHO-
BTt - LE MECHANISM.

LPISTON - CONSISTS
OF ACYLINDER,GUI-
DED BETWEEN TWO
ADJUSTABLE ANGLES
AND ENDING IN A
RECTANGULAR PLATE
WHICH SERVES AS A
COMPRESSION PLUN-
GER.

Fi6.130 THE CINVA -RAM BLOCK PRESS

( FROM"SOIL-CEMENT ,1TS USE IN BUILDING “, UN.DEPARTMENT OF
ECONOMIC AFFAIRS ,ST/SDA/54)
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THE TEK-BLOCK PRESS <.

1 FILLING THE MOULD BOX

2 SWINGING THE HANDLE OVER TOTHE OTHER SIDE
3 PRESSING THE BLOCK

L EJECTING AND REMOVING THE BLOCK

1 2 3 L

Fig. 132: Blockmaking with the TEK-Block Press, 1979: Filling Fig. 133:

...pressing the block;
the mould;

Fig. 134: ...compressing it further; Fig. 135: ...removing the finished block.
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EARTH AND LOAM-BLOCK PRESS {CENEEMA)

This is a block press which works on a similar principle as
the TEK-Block Press (Fig. 136). It was developed in the
Republic of Cameroon and produces stabilized soil blocks
to the size of 300 mm x 100 mm (height) x 140 mm
{width).

Fi16.136 : EARTH AND LOAM BLOCK PRESS ( CENEEMA,
CAMEROON )

THE [RON MOULD 1S 300 mm LONG ,140mm WIDE AND 170
mm HIGH {THIS CANBE REDUCED TO 140 mm BY INSERTING
WOODEN BOARDS OF CORRESPONDING THICKNESS IN THE
MOULD BOX).

THE BLOCKMAKING PRO -
CESS IS SIMILARTO THAT
OF THE TEK -BLOCK PRESS.
THE PRESS IS MOUNTED
ON A CONCRETE BASE OR
BOLTED TO ATHICK BOARD
WHICH PROJECTS Tm OR
1.5m INTHEDIRECTION OF
THE LEVER MOVEMENT T0
PREVENT TIPPING OVER .

ELLSON BLOCKMASTER

Manufactured in South Africa by Elison PTY., this hand-
operated press has as higher lever ratio (500-1} and
produces very dense blocks. It is also easier to operate,
with the mould approximately 860 mm above the ground
compared to the Cinva-Ram and TEK-Block Press which
are both 500 mm from the ground to the top of the mould.
Blocks are of different sizes, solid or hollow. Manufac-
turer: Elson Equipments (Pty.) Ltd. Johannesburg, South
Africa.

There are a number of power-operated soil-cement
presses for high-speed production of soil-cement bricks
or lime-stabilized laterite blocks in an industrial pro-
cess:

SUPERTOR

A Brasilian press powered by a 5 HP electric motor with
an operational output of 20,000 soil-cement bricks per 8-
hour use. Manufacturer: Torsa Maquinas Equipamentos
Ltd., Sao Paulo, Brasil.

LATOREX

A Danish high speed production plant producing about
12,000 lime-stabilized laterite blocks per day. Size of
blocks: 230 x 110 x 55 mm.

A mobile soil brick plant has also been developed by
CONSOLID AG. in Switzerland and successfully tested in
different tropical developing countries, including Ghana
(Fig. 137). Their “CLU-3000" mobile plant has a compac-
tion pressure of 50 kg/cm? and produces 350 to 500 bricks
per hour in the metric size 250 x 120 X 75 mm or imperial
size bricks 5" X 44" X 2%" (219 x 105 x 67 mm). The
plant is powered by a 13 HP Diesel engine with a fluid
pump. A mixer performs the soil treatment (with added
chemicals for water-proofing) and filling of the four
moulds.

When stabilized soil blocks or bricks have been pressed,
they must be allowed to dry and mature with adequate
protection against sun and rain (in a drying shed) on adry
and level surface for about three weeks. For the first 24
hours loss of moisture must be strictly controlled. After
twenty-four hours the blocks should be regularly watered
with a sprinkler (watering can). They can be stacked or
piled after three days, but should still be watered forupto
one week after casting. They can be used for construction
21 days after they are made.

TR

Fig. 137: Experimental house built with soil bricks produced by
a “CONSOLID CLU — 2000 PRESS”, at OKPONGLO
near Legon, Accra (built in 1978), 1981.

3.2.2 CONCRETE

The word concrete originates from the Latin word Con-
cretus meaning “grown together, compounded”. Con-
crete is a mixture of a cementitious material, aggregates
and water.

There are early records of uses of lime as a cementitious
material. The use of lime in mortar for bedding stones,
bricks, and blocks in wall construction is the most tradi-
tional and most widespread. Early examples are the
pyramids of Egypt (Cheops) 2,560-2,475 B.C., the Great
Wall of China, the Temple of Apollo in Greece (around 500
B.C.) and the use of lime concrete by the Etruscans in
ltaly. The Romans made pozzolanic cement in 75 B.C.
from a red volcanic powder found at Pozzuoli near Mount
Vesuvius, Naples. They also developed lightweight con-
crete by introducing crushed pumice as an aggregate.
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Fi6.178: PANTHEON,
ROME

BUILT UNDER EMPEROR
HADRIAN IN A.D.120.

The arches of the Colosseum and the dome of the
Pantheon were built with this material (Fig. 178). After the
decline of the Roman Empire in the 5th century the next
recorded use of concrete is the Norman structure of
Reading Abbey in Britain in 1121. In 1824 Joseph Aspdin
patented his improvement upon hydraulic lime (pro-
duced by burning chalk or limestone which contain clay)
in Britain and called the product Portland cement,
because it resembled Portland stone. It was the begin-
ning of the industrialized production of cements.

CEMENT

Cement can be described as powdered material which,
when mixed with water and aggregates (including sand)
in the correct proportions can be moulded in the plastic
stage und which will set into a hard and durable material
which is concrete. Ghana used to import her complete
processed cement materials until the early 1960’s. From
then onwards the greater porportion of it is processed
from imported clinker and gypsum which are ground at
two factories in Tema (Fig. 179) and Takoradi.

The raw materials used in making all types of cement are
substances containing calcium carbonate (Ca CO3) such
as chalk or limestone and substances containing silica,
alumina and iron oxide such as clay or shale. Cement
clinker is produced by burning, in a rotary or shaft kiln,
intimately blended mixtures of these substances which
are carefully proportioned. In the mills the clinker ist
subsequently ground to a fine powder. During the grind-
ing a small proportion, 4-7 % of hydrated calcium sul-
phate (gypsum) is added to control the setting process. In
Ghana Portland cement with a medium rate of hardening
which is suitable for most types of concrete work etc. and
rapid hardening Portland cement are produced.

(Ghana Standard Applicable:
G.S. 22-1970: Ordinary and rapid hardening Portland
Cement).

TYPES OF PORTLAND CEMENT

(a} Ordinary Portland Cement: Produced as described
above. The reaction of minerals present in Portland
cement are: Dicalcium Silicate for strength at longer
ages; Tricalcium Silicate and Tricalcium Aluminate
for setting and early strength characteristics; Com-
plex Ferrite Phase for early strength development.
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Fig. 179: Part of the Cement Works in Tema, 1981.

(b) Rapid Hardening Portland Cement: This cement is
more finely ground. Its mineral composition may be
modified to contain a slightly higher proportion of
Tricalcium Silicate resulting in more rapid reaction
with water. The ultimate strength value is the same as
that of ordinary Portland cement.

{(c) Sulphate Resisting Portland Cement: This cement is
formulated to give a better resistance to attack by
sulphates present in the ground or in sea water. This
is achieved by adjusting the chemical composition in
reducing the proportion of Tricalcium Aluminate by

5 % (the mineral most affected by sulphate salts).

(d) Low-heat Portland Cement: The earlier the strength
development of Portland cement, the greater the heat
produced in the process. This may not be desirable for
certain types of concrete work using large masses of
poured concrete (eg. dams, large floor slabs etc.). By
increasing the proportion of Dicalcium Silicate and
reducing that of Tricalcium Silicate and Tricalcium
Aluminate the total amount of heat generated when
setting is reduced.

(e) White or Coloured Portiand Cement: White cement
requires a choice of special raw materials such as
white china clay, white marble or pure chalk to
exclude iron oxide which imparts grey colour to the
cement. Coloured cements are produced by addition
of suitable inorganic pigments to either white or
ordinary Portland cement, depending on the depth of
colour required.

There are a variety of other cements which are produced
by intergrinding with or intimately blending of Portland
cement with other materials, e.g. Granulated Blastfur-
nace Slag (achieves slower hardening and an improved
sulphate resistance) or Pozzolanic Materials (achieve low
heat properties, reasonable sulphate resistance, are used
for construction in sea water). High Alumina Cement
(which contains a higher percentage of alumina and less
lime and silica, produces a concrete of very early
strength, high sulphate resistance and generates more
heat on hydration) is not recommended for use in tropical
conditions for structural works because it looses strength
if exposed to maturing temperatures higher than 30° C.
There ist an increasing tendency to use chemical pro-
ducts as admixtures to cement mortars and concrete
mixed with Portland cement with the objective ofimprov-
ing one or another quality:



— Workability Aids: To improve the flow characteristics
of the wet concrete, or to reduce the cement: water
ratioin ordertoincrease the strength of the concrete;

— Accelerators (e.g. Calcium Chloride, Magnesium
Chloride and Alkali Carbonates-Carbon Dioxide});

— Retarders (e.g. lignosulphonic acids and their salts): I.
Sodium or Calcium Lignosulphonate; Il. Hydroxylated
Carbooxydic acids such as gluconic acid and their Ca,
Na or triethanolamine salts; lll. Non-ionic agents such
as:

(a) Carbohydrates — sugars, polysaccharides and dex-
trins;

(b} Water-soluble derivations of cellulose and of
silicones);

— Damp-proofing and Permeability Reducing Agents: To
shed water from the surface of the concrete, to prevent
water movement by capillary action and to reduce
permeability of the set concrete (mainly used for con-
crete roof slabs and on exposed concrete structures).

POZZOLANA-CEMENT

The estimated cement requirements in Ghana are
exceeding 1.5 million tons per annum. The output of the
two local factories is far less than this figure. The shortage
of exportable clinker from the industrialized countries is
due to increased fuel costs (cement clinker production
involving calcination at temperatures around 1,450° C is
an energy-consuming process) which these countries are
facing as a result of higher prices for this raw material and
is leading to a reduction in the import rather than an
increase.

One step to arrest this situation is to utilize Ghana’s own
limestone and clay deposits for the manufacture of
cement clinker. The tendency is to establish small-scale
but technically well supervised lime manufacturing
plants for the production of iime which can be used for
masonry and brick bonding and rendering. The Building
and Road Research Institute in Ghana has already carried
out extensive research on the production of pozzolana
from bauxite-waste from bauxite mining at present
undertaken in the country (with proposals to develop
other bauxite reserves in the country). This pozzolana
could replace 20-50 % of the conventional cement clinker
in the local cement production. Its addition to cement
would result in the following properties:

|

Reduction of heat of hydration and thermal shrinkage;
Improvement of workability;

Reduction in porosity of the concrete;

Increased sulphate and sea water resistance;
Elimination or reduction of alkali aggregate reaction;
Lowering the susceptibility to dissolution and
leaching;

Cost reduction. {(“Pozzolana from Bauxite — waste” by
A. A. Hammond, B.R.R.l.,, Kumasi Ghana).

l

The bauxite-waste pozzolana is a substitute material
which, when turned into pozzolana-cement is an accept-
able alternative for Portland cement. It reacts chemically
with calcium hydroxide to form a stable cementitious
material. if lime is mixed with it the resulting lime —
pozzolana cement can be used for concrete.

In India a pozzolanic material known as Surkhi is exten-
sively used in conjunction with lime (which is manufac-
tured in many small-scale plants throughout the rural
areas of India). Surkhi is essentially pulverised fired clay
or brick-earth produced by disintegrating unterfired, bro-

ken or rejected bricks from the brick and tile kilns. Lime
and surkhi are natural alternatives for cement in building.
However, village produced lime and surkhi is not standar-
dized and therefore varies in quality.

It is essential to organize any small-scale production on a
similar level, with set standards for its production, as it is
the practice with larger, centralized industrial plants. This
will ensure the manufacture of a product of acceptable
quality.

AGGREGATES

There are two groups of aggregates used for concrete
mixes, dense and lightweight aggregates. Aggregates
used for concrete must be clean and free of organic
impurities (dust, clay coatings, organic matter etc.), they
should be hard and low in absorption of moisture if
exposed to weather in the concrete.

|. Dense or Normal Aggregate:

Fine aggregates are materials passing a 5 mm sieve e.g.
crushed stone sand, crushed gravel sand and natural
sand. Coarse aggregate is retained on a 5 mm sieve e.g.
natural gravel, crushed gravel and crushed rock (see
“Sand”, “Gravels”). All-in-aggregate is a material com-
posed of the two foregoing. Dense aggregate is used in
Ghana for concrete mix and cement-sand (fine aggre-
gate) mortar and plaster mix. There are other types of
dense aggregates:

— Blastfurnace Slag: Air-cooled blast furnace slag is a by-
product in the manufacture of pig iron. It is suitable as
coarse aggregate for concrete.

— Broken Brick: Good quality crushed brick can be used
as aggregate for mass concrete work where a high
degree of permeability is not required. The brick used
should be free of adhering pieces of mortar, plaster and
dust.

— Heavy Aggregates: Iron shot, magnetite, barytes.
These are used for providing a very high density
concrete needed for radiation shielding (X-ray rooms
etc.) and for high sound insulation. With iron shot, the
heaviest concrete density has been obtained with up to
5,250 kg/m?

Il. Lightweight Aggregates:

These aggregates include natural aggregates such as
Pumice, by-product materials such as Furnace Clinker or
processed aggregates such as Foamed Slag, Sintered Fly
Ash, Expanded Clay, Expanded Vermiculite {a micaceous
mineral, which exfoliates on heating) and Perlite (Obsi-
dean or other vitreous rock in form of enamel-like
globules). These lightweight aggregates help produce a
light or very light concrete which is used mainly as
insulating concrete.

In Ghana crushed mineral aggregates used as dense or
normal aggregate are mostly obtained from rocks. River
shingle and gravels are also used for concrete work for
smaller buildings. Artificial aggregates derived from
metallurgial and other processes (as mentioned above)
are not available in Ghana. The mechanical properties of
an aggregate are less important in concrete work than its
grading and shape.
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TYPES OF CONCRETE

(a) Dense or Plain Concrete

Throughout the world the concrete used most for all
normal structural concrete work is dense or plain con-
crete. It is composed of proportions of cement, sand,
coarse aggregate and water. These are thoroughly
mixed. The proportions should make it possible:

— to achieve a low water: cement ratio for strength and
durability;

— to achieve a satisfactory workability in order to be
easily compacted to give a dense and homogenous
product with a clean surface;

— to achieve as lean a mix as possible, having minimum
shrinkage and creep.

High density in concrete is associated with high strength,
hardness, durability and imperviousness.

Nominal concrete mixes vary. General practice has been
to specify nominal mix proportions by volume such as
1:2:4 (1 part cement to two parts sand to 4 parts coarse
aggregate respectively). Specifications include minimum
compressive strength requirements. For structural con-
crete work the cement: aggregate proportions vary be-
tween 1:2.5 and 1:12 (all-in) with an acceptable water:

otal weight of wate
weight of cement

cement ratio [t r} ofnothigherthan 0.7
(for reinforced concrete under tropical conditions).
Acceptable compressive strength limits at 28 days for
most of the structural concretes range between 10 N/mm?
to 70 N/mm?. For testing concrete mixes on site 7 days
strenghts are taken. In tropical climates 7 days strengths
of concrete mix are generally 75 % of the 28 days
strenghts in the case of good quality concrete. Dense
concrete made with ordinary Portland cement has
strength properties which increases with age (with a
maximum to be reached at about 12 months). The density
of well compacted plain concrete will vary between 2,150
kg/m? and 2,500 kg/m? {Fig. 180). Dense concrete can be
designed to have additional specific characteristics which
will be achieved through certain chemical admixtures.
Some of these characteristics are:

Colour;

Low permeability;

Low abrasion;

Chemical resistance;

Suitability for casting against special forms or for
subsequent tooling.

The normal practice in building is to mix the concrete on
the site {Fig. 181). But delivery to the site of ready-mixed
concrete is particularly useful where space for storage of
materials and for mixing is restricted. Ready-mixed con-
crete can make high quality concrete and special mixes
available, especially on small urban sites.

(b) Lightweight Concretes

These are concretes which weigh less than 1920 kg/m?®
and are made in densities down to 150 kg/m>.
There are advantages in using lightweight concretes:

— Lower costs of hauling and handling materials;
— Reduction of dead loads;

— Superior thermal insulation and fire resistance;
— Superior sound absorption;

— Faster building rate.
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Lightweight concrete is produced in three different ways:
By omitting the fine aggregate (“No-fines concretes”), by
using lightweight aggregate instead of the usual dense
crushed gravel or rock (“Lightweight aggregate con-
cretes”) and by incorporating air or gas bubbles into a
matrix of cement (“Aerated concretes”) (Fig. 182).

Fig. 180: Concreting dense concrete with a vibrator. First floor
slab of the Members’ Lobbies at the Parliament House
extensions in Accra. Architect: HANNAH SCHRECKEN-
BACH, 1970/71.

Fig. 181: An end-over tumble concrete mixer at the Parliament
House site.

1 2

Frc.182 LIGHTWEIGHT CONCRETE

1 AERATED CONCRETE - VOIDS IN MATRIX
2 LIGHTWEIGHT AGGREGATE CONCRETE WITH YOIOS IN
THE AGGREGATE

FROM :"MATERIALS "BY A.EVERETT, BT BATSFORD L1D.,LONDON.

|l. No-Fines Concrete:

These concretes contain only single size aggregate of 10
to 20 mm with sufficient cement (cement: aggregate ratio
1:16to 1:10 by volume) to join the particles while leaving
voids between them. These pores effectively prevent
capillary action. The lean mix and the fact that the
aggregate particles are in point contact, result in a very



small drying shrinkage and moisture movement. No-
fines concrete is almost always cast in situ and used for
loadbearing and non-loadbearing walis.

Il. Lightweight Aggregate Concretes:

Aggregates used for these concretes are clinker, foamed
blastfurnace slag, expanded clay or shale, sintered pul-
verized fuel ash, pumice, exfoliated vermiculite,
expanded perlite. The lightest concretes {800 to 1500
kg/m3) are used for thermal insulation screed. They have
very low strength properties. Intermediate densities are
suitable for building blocks.

Structural (reinforced) lightweight aggregate concrete
needs full compaction to achieve a good bond between
steel and the concrete. If the structure is in an exposed
position, concrete cover over the reinforcement should
not be less than 50 mm, the maximum aggregate size
should not exceed 13 mm.

Ili. Aerated Concretes:

These concretes have the lowest densities, strengths and
thermal conductivities. There are two ways of effecting
aeration:

— Gas is generated within the mix during its plastic
condition by the chemical reaction between aluminium
powder and a calcerous binder. This method is used for
making pre-cast units which are subsequently auto-
claved to have reasonable strength and low drying
shrinkage.

— Air bubbles are introduced into the mix either by
adding a prepared foam to a cement-sand slurry and
mixing it in a concrete mixer or by using a foaming
agent with a cement-sand mix in a special mixer to
produce a fine foam. The air bubbles are retained when
the concrete is set. Density of aerated concrete is 400 to
1000 kg/m3.

Both lightweight aggregate concretes and aerated con-
cretes are not produced in Ghana.

(c) Reinforced Concrete

Concrete has a very much higher strength when it is
under compression, than when it is subjected to tension.
Its tensile strength is only about 1/10 of its compressive
strength. The purpose of reinforcing concrete is to pro-
vide a material with a high tensile strength, which can be
embedded in the concrete in such a way that it is able to
take the tensile and shear stresses and at the same time
allows full advantage to be taken of the high compressive
strength of concrete. Reinforcement may also be needed
at times to supplement the compressive strength of
concrete or to control cracks.

The material which is suitable as reinforcement is Mild
Steel or High Tensile Steel (see Table 3). Mild steel bars
which are normally used as reinforcement material:

have tensile strength;

are capable of developing this tensile strength with
comparatively small strain on elongation;

— have a surface which will bond well with concrete
when this is cast all round it;

have the same coefficient of thermal expansion as
concrete.

High tensile steel is used for prestressed concrete work.

In the Steelworks in Tema, Ghana manufactures rein-
forcement steel bars and a limited range of structural
steel sections, such as angles and flats from scrap iron
(Fig. 183).

The following types of reinforcements are necessary in
structural concrete work:

— Tension Reinforcement:

Tension reinforcement will be placed near the bottom
face of simple supported structural members and in
central positions of continuous members and near the
upper face of cantilevers and continuous members as
they pass over their supports (Fig. 184).
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Fi6.184 TENSION AND SHEAR STRESS REINFORCEMENT IN A NOR-

MAL SUPPORTED BEAM UNDER LOAD
1 STRAIGHT TENSION BARS
2 BENT -UP TENSION BARS
3 NOMINAL BARS FOR HOLDING UP TOP OF STIRRUPS
L VERTICAL STIRRUPS

J NEUTRAL
AX1S

DEFLECTED SHAPE
SIMPLE BEAM UNDER LOAD

MAX.
TENSION

DEFLECTED SHAPE
CANTILEVERED BEAM UNDER LOAD




METALS DENSITY | PROOF STRESS TENSILE ELONGATION MODULUS OF | THERMAL CON-| MELTING
0-1 PER CENT STRENGTH * ON 50 mm ELASTICITY E | BuCTIVITY POINT
kg /m3 N/ mm?2 N/mm2 PER CENT N/mmZ |W/m degC °f
COPPER {Cu) 8940 46 - 371 216 - 355 8 - 65 96 600 - L00 1083
99.2 - 99.9°%/, PURE 132000
108 :HOT-ROLLED |371:HOT-ROLLED | 40: HOT-ROLLED
BRASS 8380 386 - COLD-ROLLED |541:COLD-ROLLED | 5: coLp-RoLLED | 109300 129 304
60%Cu: 40 In 124 :COLD-ROLLED |3B6 :COLD-ROLLED | 45 ; COLD-ROLLED
& ANNEALED & ANNEALED & ANNEALED
MILD (STRUCTURAL) 7850 - 123 - 510 22 207 000 52- 63 1900
STEEL
HIGH STRENGTH STEEL 7850 350 - 430 495 - 617 19 207 000 52 - 63 1900
STAINLESS STEELS 7850 210 510=18Cr: 10Ki 50 207000 15 1490
Fe: Cr:Ni:|[Mo) 540=17Cr : 11 Ni: 1430
25 Mo
WROUGHT IRON 7850 - 355 25 - 40 207 000 - -
£ x 7150 = ) ) . 120 000 - ) 1150 -
GREY CAST IRONS AVERAGE 100 - 200 155 - 310 0.5 - 1.0 AVERAGE 15 - 50 1350
VALUES VALUES
7INC (In i 139 : PARALLEL T0 DIRECTION OF : 25
(. ) 7140 ROLLING 96500 13 119
9999 °/s PURE 216 : PERPENDICULAR TO DIREC - ; 10
TION OF ROLLING
ALUMINIUM ALLDY 2700 270 : BARS AND  |315 : BARS AND 1% 69950 ]EILAME?JE 570 -
HE 30 TF SECTIONS SECTIONS ALLOYS 660
ALUMINIUM (Al) 2650 - 70 - 140 2-20 58300 - 214 560
99.0 %/ PURE 7200
99.99 /. PURE - 80 - 100 3- 45 244

X RANGES GIVEN RELATE TOMETHODS OF FORMING
AND CONDITION.

* RANGES,EXCEPT FOR MELTING POINT,ARE FOR
LOW-HIGH STRENGTH IRONS.

taste 3 : PROPERTIES OF SOME METALS - from.

"MATERIALS “ BY A.EVERETT , MITCHELL'S BUILDING CONSTRUCTION,
B.T.BATSFORD LTD., LONDON.

— Compression Reinforcement:
Placed around near the face of columns this reinforce-
ment considerably increases their load-bearing capac-
ity (Fig. 185).

— Shear Crack Reinforcement:

Shear cracks are in fact caused by tension and are
controlled by the same type of reinforcement as that
used for bending tension (bent-up bars and vertical
stirrups). Vertical stirrups in beams are the most com-
mon form of shear reinforcement. They make a solid
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Fig. 183: Production of reinforcement steel bars at the Tema
Steelworks, 1981.



FiG.185 COMPRESSION REINFORCE -
MENT INA COLUMN

1 STRAIGHT BARS
2 HORIZONTAL STIRRUPS

d

_ D I

U-AND/OR L-HOOKS AT END OF BARS

a

1. FOR EACH END OF REINFORCING
BAR,NOT LESS THAN 25mm OR
MIN.TWICE DIAMETER OF BAR,

_FOR ALONGITUDINAL REINFOR- |
CING BAR [N ACOLUMN NOTLESS = 257,
THAN 25mm OR MIN.BARDIA-
METER, IF GREATER.

~

e

3, FORTENSILE ,COMPRESSIVE, 0o -
SHEAR OR OTHER REINFORCE - o340 [ 25)
MENT IN ASLAB NOT LESS THAN
15mm. :

L. FOR ALL REINFORCEMENTINEX-] & = =& +7| =7 .. 2xp
POSED CONDITIONS ANDFOR IN- | L— Jo NC "‘IL
TERNALWORK IN CORROSIVE i ——

CONDITIONS ,NOT LESS THAN 2
LO,FORFOUNDATIONS 50mm .

FiG.188 : CONCRETE COVER FOR STEEL REINFORCEMENT

(EXCLUSIVE DF PLASTER AND OTHER DECORATIVE FINISHES)

Fig. 186: Vertical stirrup ironsin the new founda-
tion wall at the Parliament House ex-
tensions.

Fig. 187: Ground floor stab reinforcement of an
office block at the Parliament House
site, Accra.

cage of the beam reinforcement and provide adequate
strength against diagonal tension failure {Fig. 186).

For large concrete areas (floors, walls) an additional
reinforcement is needed to arrest cracking (Fig. 187). It is
placed at right angles to the tension reinforcement in
reinforced slabs to distribute isolated loads and to coun-
teract effects of temperature and shrinkage. In normal
slabs mild steel building mesh placed near the surface is
sufficient. The same is used near exposed surfaces of
concrete walls.

For all reinforced concrete works adequate cover of the
steel is essential. Much of the deterioration of reinforced
concrete structures is due to insufficient cover of concrete
of the bars. Minimum cover should not be less than the
diameter of the specified reinforcement bars whichever
is smaller (Fig. 188). For all external concrete work {in
exposed conditions), concrete structures against earth
faces (retaining walls) and internal concrete structures in
corrosive conditions a cover of the bars of not less than 40
mm is recommended.
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rasLenes - PRODUCTION OF FERROUS METALS ﬂfw i L
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3.2.3 METALS

It would go beyond the scope of this book to describe in
detail the origin, production process and properties of all
metals. Only those metals which are important for con-
struction will be listed, especially if they can be or are
already processed and manufactured from raw materials
which are found in different tropical developing countries
and where this process contributes to a growing
economic development in these countries (Table 3).

There are two main groups of metals:

— Ferrous Metals: Iron and steels.

— Non-Ferrous Metals: Nickel (Ni}, Zinc {Zn), Copper
{Cu), Tin (Sn), Aluminium (Al), Silicon (Si), Manganese
{Mn), Magnesium (Mg), Chromium (Cr}, Cadmium
(Cd), Lead (Pb), Silver (Ag) and Gold {Au) — the two last
being precious metals.

FERROUS METALS

Table 4 explains schematically the origin and making of
ferrous metals.

STEEL

Steel is one of the most important construction materials
used for structural framework, reinforcement bars for
reinforced concrete, galvanized steel pipes, conduits,
corrugated roofing sheets, high tensile alloy steel bars for

L LIt

F16.189.TRADITIONAL HOT-ROLLED SECTIONS AND HOLLOW SECTIONS

a UNIVERSAL BEAM ; b UNIVERSAL COLUMN, c¢ JOIST OR I-BEAM,d CHANNEL,
e EQUAL ANGLE ,f UNEQUAL ANGLE ;g T-BAR .h FLAT ,SOUARE ROUND SECTIONS ,
i CIRCULAR HOLLOW , k SQUARE HOLLOW | RECTANGULAR HOLLOW SECTIONS

=

=
s

Fi6.190: MADE-UP SECTIONS
a GANTRY GIRDER ,b COMPOUND STANCHIONc PLATE GIRDER

I

prestressed concrete, steel window and door frames
etc.

Structural steel sections are described as Universal Sec-
tions (Fig. 189) up to 350 x 400 mm. Steel tubes for
mechanical, structural and general engineering purposes
are from 25 mm to 455 mm in diameter. Rectangular
hollow sections for the same purposes are from 25 x 50
mm to 406 x 305 mm. Steel plate, sheet and strip describe
plates from 3 mm thickness upwards, which can be
welded to form a wide range of structures, e.g. heavy box
columns and I-beams larger than the universal sections
(Fig. 190). Sheet steel is made by hot or cold roiling steel
plate, sheet and strip and passing through a galvanizing
process {a metal coating by electrolysis or a zinc or iron
coating without electricity). Sheet is either flat or corru-
gated, and used for cisterns, tanks, cylinders, roofing
sheets, pressed steel gutters, rainwater pipes, fittings and
accessories. Corrugated roofing sheets are produced in
Ghana from imported flat steel sheets (Fig. 191). Size:
2.45 m x 0.76 m using 34, 36 gauges with 0.063 mm ofzinc
coating.

(Ghana Standards Applicable:

G.S. 22-1970 - Galvanized corrugated steel sheets for
general purposes.

G.S. 152-1976 — Galvanized mild steel cisterns and cov-
ers, tanks and cylinders.

G.S. 163-1976 — Galvanized wire netting).

LT s

h

i k t

A

F16.191.COLD - FORMED SECTIONS AND SHEETS

COLD-FORMED STEEL PRODUCTS ARE GENERALLY SHEET AND CLAD-
DING MATERIALS IN MANY DIFFERENT SHAPES.a Z-PURLIN
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Alloy steel contains more than 5 % of alloying elements
to provide special properties such as ultra high strength,
corrosion and heat resistance. Stainless steel is about 8-
12 times more expensive as say, one kg of mild steel. Yet
itisincreasingly used in building, especially in sheetform
as stainless steel basins and bowls in hospitals,
laboratories and kitchens, where its use is especially
hygienic, since the hard, smooth, corrosion-free surface
does not hold dirt readily.

Corrosion Prevention: Untreated steel corrodes and also
looks ungainly. There are three methods by which protec-
tion is achieved:

— Vitreous Enamel Coating: This provides a tough,
glossy, highly corrosion resistant surface which can be
easily cleaned.

— Plastics Coatings: These are P.V.C., acrylic, epoxide or
phenolic coatings which are applied as liquids or
laminates. For external and corrosive conditions it is
advisable to choose:

— Metal Coatings: Zinc {the most common), aluminium,
cadmium and tin can be applied. Although zinc is much
more resistant to corrosion than mild steel, in exposed
positions an additional protection with paint is neces-
sary. Metal coating can be applied by:

— Electroplating;

— Cladding;

— Spraying;

— Hot-dipping (usually for zinc coatings),

— Sherardizing (nuts, bolts and small steel objects are put
into a cylinder containing zinc dust which is rotated and
heated and an alloy of zinc and iron is formed on the
surfaces).

NON-FERROUS METALS

These metals have superior working properties and bet-
ter resistance to corrosion than the ordinary ferrous
metals. Most non-ferrous metals are used as alloys in
building (Table 5).

NICKEL, TIN, CADMIUM, CHROMIUM and ZINC are
mainly used as coatings on steel sheet and steel compo-
nents or electro-plating the same for resistance to corro-
sion. Nickel, tin and zinc are used in different alloys. Zinc
is also used in sheet or strip form for roof coverings, wall
cladding, gutters and flashings but nowadays replaced
with aluminium sheet where this is available because
aluminium has longer life in exposed conditions.

LEAD (normally pure) is the densest, softest, weakestand
one of the most durable metals commonly used in
building. But lead pipes are rapidly being replaced nowa-
days with P.V.C. pipes for internal supply pipes, waste
pipes and rain water pipes. Lead is still being used for
radiation shielding from X-rays, reactors and radioactive
appliances and as sealing compound. Lead compounds
(white, red lead) are also used as paint pigments.

COPPER

Copper is a very ductile and malleable metal, which can
be made into sheets as thin as 0.051 mm and drawn into
wire of 0.025 mm diameter. Three grades of copper are
used in building:

— Deoxidized copper: Oxygen has been removed by
means of phosphorus. This copper can easily be
welded and is used for plumbing pipes and general
engineering purposes.

— Fire refined tough pitch copper: This contains oxygen
and is a metal with high thermal and electrical conduc-
tivity. It is used for roof coverings. Exposed to the
atmosphere copper develops a typical green-white
patina which acts like a protective film.

— Electrolytic tough pitch high conductivity copper: This
is used for electrical and heat conductors.

COPPER-BASED ALLOYS of which the brasses and
bronzes are the most known have high resistance to
corrosion and have high thermal and electrical conduc-
tivity.

ALUMINIUM ALLOYS
[ 1

NICKEL"SILVER" HE 15 K9—HE30
|
NICKEL
HhL) I ALUMINIITI BRONZE
CUPRONICKEL I l |
ZINC COPPER ALUMINIUM siLicoN  MANGANESE  MAGNESIUM
(an) l(tu) [Al) (5i) { Mn) [ Mg)
]
BRASS ,
TIN SILICON"BRONZE"
($n] TaBLE NS : NON-FERROUS METALS AND ALLOYS - THICK LINES INDICA-
L 1 TE PREDOMINANT INGREDIENTS IN ALLOYS .
BRONZE H - HEAT TREATABLE ALUMINIUM ALLOYS
H9-EXTRUSION FOR WINDOW AND DOOR FRAMES
HE - EXTRUDED BARS AND SECTIONS
GUNMETAL HE30-PRINCIPAL STRUCTURAL ALLDY
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Fig. 192: Production of corrugated aluminium, roofing sheets at
Ghana Aluminium Products Limited, Tema, 1976.

Fig. 193 and 194: Production of self-supporting industrial deep-
trough aluminium arches in the same factory.

Fig. 195: Plain aluminium sheet water tanks, made in the same
factory.

BRASSES: Alloys of copper and zinc. There are three
classes of brasses:

— Alpha brasses: From 0.37 % to 37 % zinc. These bras-
ses have a relatively high tensile strength and are
ductile. They are used for door furniture, caps of
electric light bulbs, headlamp reflectors, cartridge and
shell cases.

— Alpha-beta brasses: With 37 % to 45 % zinc. These are
high tensile brasses used for propellers, pumps, val-
ves, non-sparking tools (for gas, oil and explosives
industries);

— Beta brasses: 45 % to 50 % zinc. These brasses are too
brittle for most engineering works.

BRONZES: Bronzes are alloys of copper and tin and other
elements. They are harder and stronger than brasses but
less ductile. They are often employed for “prestige”
work, ornamental door furniture etc. Bronze, though
costly, still is a favourable sculpture material.

ALUMINIUM

This is, next to steel, one of the most important metals
used in building construction. Its properties have espe-
cially been found useful in construction in tropical coun-
tries although it is a costly metal which needs a great
amount of electricity for its production. For 1 ton of
produced aluminium 4 tons of bauxite clay and about
17.000 kitlowatt hours of electricity are needed. 4 kg of
high grade bauxite are processed to 2 kg of pure
aluminium oxide (alumina). This is reduced to 1 kg of
aluminium by electrolysis.

Ghana has large deposits of bauxite, but does not manu-
facture aluminium from own resources. The large
aluminium smelter which was built in Tema and uses
hydroelectric power from the harnessed Volta river at
Akosombo since the early 1960’s imports alumina for the
manufacture of aluminium ingots. Preparatory work for
the promotion, organization and development of an
aluminium industry is nearly completed.

Mineral bauxite is being exported from Ghana. The uses
of bauxite waste have already been drecribed in the
“Cement” section and will be further detailed in “Build-
ing Materials from Agricultural, Forestry and Industrial
Wastes”.

To provide improved strength aluminium is alloyed with
other elements. For building purposes, the alloys most
commonly used contain magnesium, manganese and
silicon. Of these the heat-treatable (H- or HE-)
aluminium-magnesium-silicon group alloys have very
high strengths, are corrosion resistant and widely used
for strucutural and building works. Aluminium wire is
also rapidly replacing copper wire for electrical wiring
and conductors.

Wrought Alloys: These are aluminium alloys suitable for
rolling, pressing and extrusions and are either heat-
treatable (prefix H) or non-heat-treatable (prefix N). The
heat-treatable alloys, as already mentioned before, are
largely used in building (H9 — for extrusions for window
frames, H30 — for structural works). The non-heat-treat-
ablé alloys gain strength by cold working, they are mainly
in sheet form (e.g. N3, the simplest alloy) and used for
corrugated and industrial trough roof sheeting, flashings,
etc. (Fig. 192 to 195).

Casting Alloys: These alloys are used mainly as door and
window furniture.
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Pure aluminium and its alloys are used in building con-
struction in form of:

Sheets;

Structural Sections;
Wire;

Castings.

Maintenance of aluminium sections, etc. is required fre-
quently to remove atmospheric deposits. Cleaning
should be done with soapy water.

The light weight of aluminium products is one of their
most valuable characteristics.

Finishes to Aluminium:

A process called “Anodizing” (electro-chemical process
which applies only to aluminium) is used to thicken the
natural oxide film on exposure of aluminium. Anodizing
enhances the appearance of suitable aluminium products
and forms an integra! coating with the parent metal.
Aluminium roofing sheets produced in Ghana are nor-
mally “silver” (matt) or “green” anodized. These finishes
greatly reduce the glare of untreated aluminium roofing
sheets. Aluminium surfaces can also receive other
finishes:

— Mechanical bright polishing {mirror-like);
Sand-blasted finish {matt finish);
Vitreous enamelied finish;

Lacquered finish.

A few precautions must be taken when fixing aluminium
sections, sheets etc. against other materials:

— Contact with Concrete: When aluminium sections are
fixed against concrete surfaces before the concrete has
completely set (fresh plastering, mortar joints etc.),
some light attack occurs when free lime is released. It
shows in a form of etching on the metallic surface, but
does not adversely affect the structural properties of
the metal. An embedded portion should however be
painted with a bituminous paint. In general it is advis-
able to paint aluminium surfaces where these are in
contact with concrete with bituminous paint.
Aluminium window and door frames should be fixed in
a timber subframe and not directly against cement/
sand/lime mortar or plaster surfaces (see “Construc-
tion: Windows").

— Contact with Stone, Block and Brickwork: Direct con-
tact with aluminium can, in wet conditions, cause
corrosion. Aluminium framing should be separated
from masonary with spacers (which can be treated
with bituminous paint), with strips of bituminous roof-
ing felt or with a timber subframe.

— Contact with Copper and Copper Alloys: All direct
contact with copper and copper alloys must be avoided
in conditions where water may run off copper surfaces
on to aluminium (copper over-head cables etc.).

— Contact with Zinc: Aluminium is not corroded by zinc.
It is rather zinc which must be treated in aggressive
atmospheres.

— Contact with Lead: Aluminium is only corroded on
contact with lead in most aggressive marine atmos-
pheric conditions, where both surfaces can be treat-
ed.

— Contact with Wood: In tropical conditions where rain
and sun expansion and contraction of a corrugated
aluminium roof can cause a considerable noise-nui-
sance a simple lining over the timber purlins to which
the sheets are fixed reduces the sound transmission. In
addition a suspended ceiling or a ceiling lining will
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normally be fixed to reduce solar heat transmission
(see “Construction: Roof Structures and Roof
Finisher”).

(Ghana Standards Applicable:

G.S. 30-1970: Aluminium roofing sheets.

G.S. 136-1975: The structural use of aluminium).

3.2.4 ASBESTOS-CEMENT

Asbestos-cement is composed of asbestos fibres {about
10 to 15 % by weight} and Portland cement. The incom-
bustible mineral is quarried from the rock, crushed, fibred
and graded in shaking screens, and formed in open
moulds by hand or in a mechanical process (Hatschek-
process). The common variety for general use is White
Asbestos {compound of magnesia and silica). Blue
Asbestos is composed of iron and silica and is more
suitable for use in positions where a great resistance to
acids is required. Asbestos in general is incombustible.
Its very low conductivity of heat and electricity makes it
an essential insulator in many industrial processes.

Fig. 196: Corrugated asbestos cement sheets.

Asbestos-cement sheets used in building construction
are built up in rolling mills from layers of cement and
uniformly distributed asbestos fibres (Fig. 196). Asbes-
tos-cement increases in strength with age, but intends to
grow brittle. During the production of asbestos-cement
sheets various colour and embossed finishes can be
applied to the product. Common colour for such applica-
tion is terracotta for roofing sheets. Corrugated cement-
asbestos roofing sheets and flat sheets are produced
(also in Ghana) in a wide range with a great number of
accessories and fixing accessories (see “Construction:
Roof Structures and Roof Finishes”). Asbestos-cement
pressure pipes are used for water and sewerage pumping
mains and similar applications. The pipes are produced
from 50 to 914 mm in diameter and up to 5 min length.

(Ghana Standards Applicable:

G.S. 177-1978: Sampling and inspection of asbestos-
cement products.

G.S. 178-1978: Asbestos-cement pipe fittings for build-

ing and sanitary purposes.

Guide to the use of ISO recommendation

R. 390 “Sampling and Inspection of

Asbestos-Cement Products.”

Building and sanitary pipes in asbestos-

cement.

G.S. 204-1978: Asbestos-cement pipes, joints and fit-
tings for sewerage and drainage.

G.S. 212-1978: Asbestos-cement pressure pipes).

G.S. 181-1978:

G.S. 193-1978:



3.2.5 BITUMINOUS PRODUCTS

These are three products: Bitumen (natural or derivative),
coaltar and pitch.

Bituminous materials resist the passage of water and
water vapour. They are, in general, resistant to acids and
alkalis.

Bituminous products are softened by heat and by sun-
light. Their uses in building construction are many:

— BITUMEN: Natural bitumen is extracted from mineral
matter called Lake Asphalt (Lake Trinidad, West Indies)
or from Rock Ashalt (limestones which contain bitu-
men) in France, Switzerland, Germany and Sicily.
Derivative bitumens are distilled from petroleum.

Bitumen has many uses, mainly in road building.
Mastic asphalt (produced from crushed limestone or
crushed rock asphalt, asphaltic cement and fillers and
fluxing oils) is used for special floorings (see “Floors
and Floor Finishes”) and for damp proof courses.

In building construction bitumen is used as damp-
proof membranes, adhesives to wood-block flooring,
insulating linings and felts, as a saturant for roofing
felts and different water-proof building papers and
joint fillers.

During the petroleum distillation process certain by-
products are available which are used in Ghana (pro-
duced by the Sheil Company of Ghana) in road con-
struction and road maintenance: Medium Curing Cut-
back (MC2) and Quick Breaking (or rapid setting)
Emuision (also called Colas). The Building and Road
Research Institute in Ghana has successfully con-
ducted experiments with MC2 as a stabilizer and water-
proofing material for soil-sand plasters and mud walls
(see “Walls and Wall Finishes”). It has been found that
a mixture of 5 % bitumen cutback (medium curing) or
of slow setting emulsion (Terolas, which is not avail-
able in Ghana) produce very satisfactory results with
the plaster retaining a good appearance and only
showing minute cracks on drying which can be
removed with a final trowelling.

— COALTAR: Softens at lower temperatures than bitu-
men and oxidizes more easily. Its uses are similar to
bitumen, except for heavy duty uses in road construc-
tion.

— PITCH: This is the residue after distilling tar from coal
(fluxed back with some of the by-products). Its impor-
tant use in building construction is as an impregnant
for pitch-fibre drain pipes. In the age of plastics
changes have also occurred here with P.V.C. being
used more and more as water, rainwater and drain
pipes and replacing some of the “traditional” mate-
rials.

3.2.6 GLASS

In building construction glass is mainly used as flat glass
{for glazing). Glass fibres and foamed {(cellular) glass are
also used. Another use is as vitreous enamel coating on
metals.

The following raw materials are needed for the produc-
tion of sheet glass:

(a) High Quality Quartzite Sand: 71-78 % of the total
volume of the raw materials;

{b) Limestone and/or Oyster Shell: (a) and (b) are the
materials which give glass mechanical strength and
increase its stability;

(c} Feldspar: Reduces the coefficient of expansion and
allows the glass to be worked;

(d) Dolomite: Is added for coiour (from magnesium).
This is useful for reducing light and solar heat pene-
tration;

{e) Soda Ash: Is a fluxing agent and reduces the melting
point from 1710° C to 1440° C (and introduces a fuel
saving factor in the process). It also gives transpa-
rency to the glass; .

(f} Borax: Gives physical and chemical stability to the
glass and increases its mechanical stability;

(g) Potash: Imparts oxygen into the glass during the
production process. The large bubbles which are
formed by the released oxygen rise through the glass
and sweep out smaller bubbles and “seeds”
(impurities).

The establishment of a glass-producing industry in a
tropical developing country, where the majority of the
raw materials needed for glass-manufacture are avail-
able, is an economic and feasible undertaking, becausein
such countries bottles, jars and containers are needed for
other industries (fruit juices, drinks, beer, preservatives,
vegetable pastes, oils etc.). For example, high quality
quartzite and deposits are not only found as alluvial
sands in Ghanain the incipient stages of streams draining
certain sandstone formations, but could be obtained
from angular quartz sands from the vast quantities of
sands available in the dumps of the country’s gold mines.
These sands can be used after undesirable impurities
(e.g. iron ore) have been removed. For the production of
soda ash sea salt can be used. In the case of Ghanawhere
a glass producing factory has been set up the only raw
materials which need to be imported are potash and
borax.

Sheet glass used for glazing in building is produced as
transparent or translucent glass.

TRANSPARENT GLASS:

This glass is transparent to infra-red rays and relatively
opaque to ultraviolet rays. It tends to accumulate heat
within the glazed area. The ordinary type of sheet glass
(drawn sheet) has fire-finished surfaces. Because the two
surfaces are never perfectly flat and parallel, there is
always a certain degree of distortian of vision.

In 1923 Pilkington Brothers Ltd. (England) developed a
continuous process of grinding and polishing rough cast
glass on both sides to form plate glass. In 1959 they
developed the Float Glass — process by which most clear
glass is produced today.

Glass produced this way is 3, 4, 5 and 6 mm thick. It
provides clear and undistorted vision and reflection.
Polished glass moreover has a lustrous and brilliant
finish.

Green, grey and bronze float glasses can be produced for
controlling solar radiation by the use of suitably shaped
electrodes which introduce the colour into the glass
producing process.

Transparent clear plate glass is used for window glazing
in domestic, public, commercial buildings, schools and
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hospitals, where a clear and undistorted view is required.
In the humid tropics glass-louvered windows (allowing
unobstructed passage of cross-ventilation) are used with
5 mm thick clear (or obscured) glass blades (Fig. 197).

TRANSLUCENT GLASS:

These glasses have one flat surface and the other with a
texture or pattern. The pattern obscures vision in varying
degrees. In general, light transmission decreases as the
degree of obscuration and diffusion increases. Thicknes-
ses are from 3 to 6 mm, with 4 to 6 mm most commonly
used.

Translucent giass is used in places where direct vision is
not required or desired (Fig. 198).

Wire mesh, electrically welded at the intersections, can
be embedded centrally in the thickness of rough cast
glass during rolling. It is valuable as an efficient fire
retardant and is normaily used for roof lights.

There are different Special Glasses which may be
specified and used for special purposes:

— Toughened Glass: This glass is made by subjecting
ordinary clear plate or float glass to a process of
heating and sudden cooling which results in an
increased mechanical strength and higher resistance
to impact. When it breaks it disintegrates into small
pieces which do not have the dangerous cutting edges
of ordinary glass. Thickness: 5, 6, 10, 12, 15, and 19
mm.

— Solar Control Glasses: These are specially manufac-
tured glasses which reduce solar heat gain by absorp-
tion and re-radiation (by reflection). They are produced
in several types, but all have a tinted effect. The extra
costs of these glasses are easily compensated in tropi-
cal conditions by the improved comfort conditions for
the occupants and by the savings in costs of air-
conditioning buildings (Fig. 199).

— X-Ray Resistant Glass: This is usually a polished plate
glass containing a large proportion of lead oxide
{which has a high degree of radiation shielding).

— Antique Glass: This is made by traditional meansinthe
handblown process and therefore costly. Antique glas-
ses are used for decorative and ornamental work.

— Glass Mosaic: Molten glass mixed with alkaline and
metal oxide is poured into moulds and pressed in 20 x
20 x 3 mm sizes. Glass mosaic is used for wall finishes,
in swimming pools, for decorative purposes.

Fig. 197: Clearglasslouvre biadesin Naco-louvre blades.
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— Glass Blocks: These are hollow pressed glass units in
clear glass, colours or various patterns for the con-
struction of translucent nonload-bearing walls.

Useful information on all aspects of glazing in building
and patent glazing may be gained from the publications
of Pilkington Brothers, St. Helens, Merseyside, Eng-
land.

GLASS-FIBRE PRODUCTS:

The modern glass-fibre products are classified as glass
wools and glass fibre reinforcement. These products are
used for thermal, sound and electrical insulation. Glass-
fibre-reinforced polyester (GRP} is used in the production
of corrugated plastic translucent sheets for rooflights,
cladding panels and many other purposes. Glass-fibre
reinforced cement (GRC) is used as permanent formwork
with superior resistance to abrasion and chemicals than
the in-situ concrete it encases. Glass-fibre-reinforced
gypsum (GRG) is produced in panel form and used as
internal partitions and floor units.

Fig. 199: Solar-control reflective glass facade at the 2nd Febru-
ary Hotel in Lome, Togo, 1981.

Fig. 198: Obscured glass louvre blades.



3.2.7 PLASTICS

Plastics have, since a few decades, become steadily
assimilated into building usage. Plastic materials have in
some cases nearly replaced the traditional materials in
the production of rainwater, water, waste and drainage

pipes.

The expanding use and market of plastics received a set-
back when oil prices were drastically increased in 1973
and have been increased ever since. Fossil fuel form the
basis of plastic materials used in building construction.
With the steadily rising price of oil the industrialized
countries are looking for and experimenting with alterna-
tive energy sources. Plastics are today entering a new
period, where they must compete with the traditional
materials on much more equal grounds. It is therefore
important for developed and developing countries to
channel the use of plastics into those areas where their
undoubted unique properties can be utilized with great-
est advantage.

All plastics are “Polymers”, their molecular structure
comprises long chains of molecules loosely tangled
together. This explains the lightweight of plastics.

Two types of plastics are distinguished. One kind —
Thermoplastics — softens when it is heated and hardens
again on cooling. The other kind— Thermosetting Plastics
— passes through a chemical change during moulding
and becomes permanently and inalterably a new, inert
material after curing and cannot be re-softened again by
heat.

Like all other organic materials plastics are combustible
and have to be treated with caution. Some are highly
flammable (Polyurethane Foams — used for mattress-
making), others are difficult to burn (Polyvinyl Chloride).

Below are listed some of the most important plastics,
their properties and uses in building:

3.2.7.1 THERMOPLASTICS

— Polythene: Low and high density (they differ in their
basic physical properties, high density polythene
being harder and more rigid than the lower density
polythene). It is a tough, resilient material, unaffected
by action of water and a number of corrosive elements
but melts and burns like wax. Polythene film is used for
damp proof courses and damp proof membranes. If
exposed to sunshine it will quickly degrade.

— Polymethyl Methacrylate (Acrylic Resins): This plastic
material has been used as clear and translucent corru-
gated roofing sheets (Perspex) where it has shown
good resistance to weather. It is a light, tough material
which can easily be bent or shaped, but melts and
burns readily.

— Polyvinyl Chioride: It is produced as flexible (plas-
ticized) PVC or rigid (unplasticized) PVC. PVC is one of
the cheapest and more generally known plastic mate-
rials. It is remarkable for its versatility. Rigid PVC is
used for rainwater goods, cold water pipes, soil and
waste pipes (with temperatures of waste water not
higher than 65° C). Depending on the nature and
proportion of fillers, stabilizers, plasticizers and colour-
ants in the compound PVC can be produced as very
resilient and durable floor and wall coverings and tiles.
PVC melts but burns only with great difficulty (depend-
ing on the plasticizer used). By postchlorination {of

rigid, unplasticized PVC) PVC can be used for higher
temperatures, up to 120° C, to make it suitable for hot
water pipes.

— Polyvinyl Acetate: In emulsion form this plastic is the
base for emulsion paints and adhesives.

— Polyvinyl Fluoride: Polyvinyl fluoride film is being used
for lamination to the surfaces of other materials, such
as aluminium, plywood, asbestos-cement and other
plastics. Weathering properties of these films are very
good, requiring low maintenance of the covered mate-
rials.

3.2.7.2 THERMOSETTING PLASTICS

— Phenolic Resins: Phenolic resin-bonded laminates are
of dark colour. They are used in a variety of industrial
and domestic appliances (W.C. seats, electrical fittings,
etc.).

— Melamine Resins: These are decorative laminates in
light colours, used for wall and ceiling linings, table
and counter tops, mouldings in light colour etc.
Phenolic and melamine resins are highly resistant to
ignition.

— Polyester Resins: Polyester resins are used mainly
with glass fibre reinforcement. They harden without
heat and pressure.

— Epoxide Resins: They are extremely tough and stable,
have excellent electrical properties and good resist-
ance to chemicals (especially to acid and alkaline
solutions). They are used in in-situ floorings, clear
finishes, glass-fibre reinforced plastics and adhe-
sives.

3.2.7.3 CELLULAR PLASTICS
EXPANDED PLASTICS)

- Polystyrene: This is normally produced in form of
boards. Although ultra-violet light gradually embrittles
the surfaces, these can be painted with water-based
and emulsion paints or they can be plastered. Used as
suspended ceiling boards or for thermal insulation
purposes.

{(FOAMED AND

(Ghana Standards Applicable:

G.S. 45-1972: Polystyrene moulding materials.

G.S. 46-1972: Phenolic moulding materials.

G.S. 49-1972: Glossary of terms used in the plastics

industry.

Low and intermediate density polythene

sheets for general purposes.

G.S. 66-1972: Thick PVC sheeting (calendered flexible,
unsupported).

G.S. 74-1972: Expanded polystyrene tiles and profiles.

G.S. 85-1972: Thin PVC sheeting (calendered flexible,

G.S. 50-1972:

unsupported).

G.S. 89-1972: Unplasticized PVC pipe for cold water
service.

G.S. 94-1972: Unplasticized PVC pipe for industrial pur-
poses.

G.S. 95-1972: Methods of testing plastics.

G.S. 108-1973: Polystyrene tiles for walls and ceilings.
G.S. 177-1972: Unbacked flexible PVC flooring.
G.S. 182-1978: W.C. seats (plastics)).
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3.2.8 PAINTS

Paint is a viscous substance made by suspending finely
ground pigments in a liquid medium (oil or emulsified
oil). When this is applied to a surface it solidifies. The
functions of paints are:

~ To protect the painted surface;
— To create a decorative effect;
— To create a healthy atmosphere in the painted area.

Functions of the constituents of paint:

— Pigment: This is the solid matter in paint which gives it
body, colour and obscuring power. Pigments used are:
Zinc Oxide, Titanium Oxide, Red Lead, White Lead and
Aluminium Powder.

— Medium: This is the liquid component of the paint. It
should improve its cohesive properties and at the same
time promote adhesion to the painted surface.
Mediums used are: Tung Qil, Soyabean Oil, Raw Lin-
seed Qil, Boiled Linseed Qil.

— Drier: These help to speed up the drying process of the
applied paint by hastening absorption of oxygen. They
are only required in very small quantities and are
composed of Leads, Manganese and Cobalt.

— Thinner: Thisis a clear, colourless, volatile liquid which
is used in the adjustment of paint to a workable
consistency. It should, on application of the paint,
evaporate completely and form no part of the dried
paint film,

There are different types of paint used in buildings:

(a) Oil-Based Paints: These paints consist of a drying oil
or an oil varnish as a binder and dry by oxidation or
polymerization of the binder. Paint finish is flat (matt),
glossy or eggshell (in between flat and glossy).

(b) Water-Based Paints: These are paints in which the
binder is an emulsified oil in water and dries initially
by evaporation.

{c) Alkali-Resisting Primer: This is a medium made up of
soils which resist alkali attack.

(d) Aluminium Primer: This is a medium applied on
wood (which must be seasoned and dry) before other
paints are used.

{e) Anti-Corrosive Primer: With red lead, zinc and zinc
oxide pigments, this primer is applied to steel sur-
faces before their final finish with Aluminium, Red
Lead paints or Alkyd Resin paints.

(Ghana Standards Applicable:

G.S. 221-1978: Paints and varnishes — sampling).
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3.3 BUILDING MATERIALS FROM AGRICULTURAL,
FORESTRY AND INDUSTRIAL WASTES

Imported building materials can account for 15-40 % and
more of the construction costs in developing countries. In
many emerging countries an industrialization process
has started and industries have been set up which are
producing some of these building materials. These coun-
tries have realized that it is essential to develop an
efficient domestic building materials industry in order to
save (in most cases scarce) foreign exchange. Equally
important is it to develop at the same time their own
industries for the supply of local raw materials needed in
the building materia!l producing industries. And in this
respect developing countries are also beginning to real-
ise that they cannot longer continue to depend on some
of the “conventional” raw materials used. For example
products from the petro-chemical industry used as adhe-
sives and binders in the production of a large number of
building materials are becoming so expensive with the
steadily rising price of oil that they are too costly. This is
equally affecting developed countries (which are not “oil-
owners”). Facing the same limitations caused by the
continuing rising cost of oil research has been and is
being undertaken into the use of the large quantities of
agricultural, forestry, industrial and consumer (house-
hold waste, municipal waste, refuse etc.) wastes avail-
able for the production of building materials. The follow-
ing section of the book attempts to record the most useful
researches and successful attempts to utilize wastes in
different tropical developing countries and in Ghana.

3.3.1 AGRICULTURAL WASTES

3.3.1.1 RICE HUSK

Every ton of paddy rice yields 200 kg of husk. This husk
contains about 40 % cellulose, 30 % lignin and 20 % ash.
Rice husk therefore comprises nearly 20 % of the weight
of the dried and harvested rice crop and is the largest by-
product in the rice-milling industry. Husk is not suitable
for use as animal feed due to its abrasive character and
almost negligible digestible protein content. For the
manufacture of paper rice husk is also unsuitable
because of its high ash and lignin content. Throughout
the world the annual rice production of about 300 million
tonnes yield approximately 60 million tonnes of husk.
The buik of this husk is disposed of by burning.

Research into the use of husk ash has been conducted for
a long time, especially in the major rice-producing coun-
tries in Southeast-Asia, where the production of rice is
more than half of the entire world production.

I. RICE-HUSK-ASH CEMENT:

The material presented in this section has been compiled
from “Rice Husk-Ash Cement” (Proceedings of a joint
workshop sponsored by UNIDO-United Nations Indust-
rial Development Organisation — in Peshawa, Pakistan,
1979) by courtesy of the Regional Centre for Technology
Transfer, Bangalore 560052, India.

It has been estimated that 40 to 60 per cent of ordinary
Portland cement used in developing countries goes into
foundations, flooring, mortars for block and brick laying
and plastering. The demand for cement is increasing. If
cheap but good quality housing is to be provided in the
urban and rural areas of tropical developing countries,



where cement is very costly and also mostly not avail-
able, rice-husk-ash cement is an appropriate substitute in
rice growing areas.

To obtain cementitious material from rice husk ash both
the heating value and the silica content of the rice husk is
utilized.

Chemical analysis of rice husk ash:

Content in %

Si0O,(SiliconOxide) . . .. . ... ... .. 93.2
Al, Oz (AluminiumOxide) . . .. ... ... 0.59
Fe, O;(FerrumOxide) . . . . ... ... .. 0.22
CaQ(CalciumOxide) ... ... ...... 0.51
Mg O (MagnesiumOxide) . . . .. ... .. 0.41
Na, O (SodiumOxide) . . . . ... ... .. 0.05
K,O{(PotassiumOxide} . . ... ... ... 2.93
Lossonlgnition . . . . ... ... ..... 2.09

(Cental Building Research Institute, Roorkee, India).

High reactive silica can either be obtained by controlled
burning of the husk in a range from 450 to 700° C or by
extensive grinding of the ash obtained from burning the
rice husk in a wider temperature range. Controlied burn-
ing is necessary to reach complete combustion of the rice
husk, so that all carbon is burnt off. The controlled
burning produces a silica that is amorphous in form and
highly reactive. If the combustion temperature is too
high, more crystalline forms of silica are produced which
are less reactive. Complete combustion produces 40 kg of
ash from every ton of rice produced. (P. Kumar Mehta,
Department of Civil Engineering, University of California,
U.S.A).

There are about six classifications of cementitious mate-
rials utilizing reactive silica:

(1) Blended lime-rice husk ash mixtures;

(2) Interground lime-rice husk ash mixtures;

(3) Limestone-rice husk mixtures which are fired
together and ground after calcination and ash produc-
tion (temperatures required for calcination converts
the silica in the rice husk ash to the less reactive
crystalline phase);

(4) Blended lime-rice husk ash mixtures which are mixed
with certain bauxitic clays;

(5) Blended Portland cement-rice husk mixture;

(6) Interground Portland cement-rice husk mixtures.

Of these (3) ist producing lower strength than (1) and (2).
Mixtures (5) and (6) produce the highest strengths. Even
with 70 % cement replacement by ash the strength at 90
days was acceptable (Mehta). This means that substantial
cement replacement can be made without any significant
effect on long term strengths properties. Moreover
Mehta’s research has shown that concretes made with
rice husk ash have improved durability particularly in acid
environments.

Technologies developed to date can provide cementiti-
ous materials based on rice husk ash to suit different
needs ranging from plastering materials to structural
concretes. The particular strength properties depend on
the raw materials (e.g. the form of lime, whether it is
limestone to be calcined, partially slaked or unslaked
lime, lime sludge etc.), the temperature of ash conver-
sion, the degree of grinding (hence fineness), the mix
proportions and the curing conditions. More research is
still going on to establish a satisfactory understanding of

the material for a commercial production. Further
research is necessary to study the influence of the carbon
on reactivity and the long term behaviour of materials
made from rice husk ash.

Some processes of producing rice husk ash cement are
described:

(a) Rice Husk Burning under Controlled Conditions:

Ash is produced under controlled conditions (temp-
eratures between 500 to 700° C) in a suitably
designed kiln (Fig. 200 shows an incinerator designed
by the Pakistan Council for Scientific and Industrial
research laboratories in Peshawar). The ash is ball
milled, then mixed with hydrated lime or cement.
With a 20 to 30 % addition of hydrated lime to rice
husk ash a suitable cement can be produced.
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(b) Rice Husk-Clay Pozzolana:

This is a process developed by the Central Building
Research Institute in Roorkee, India. An intimate mix-
ture of rice husk and clay is made by using equal
amounts of the ingredients by weight, moistened
with water and shaped into balls. These are sun-
dried and then fired in an open clamp. Due to the rice
husk content the balls are self-burning, no extra fuel is
required except for the igniting. To make this poz-
zolana any soil or clay which contains more than 20 %
clay fraction can be used. The fired balls are ground to
a fine powder in a bali mill. The result is a reactive
pozzolana which can be mixed with hydrated lime in
the ratio of 2:1 by volume to give a cementitious
material which is suitable for mortar and plaster
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mixes. The pozzolana can also be used as an admix-
ture with Portland cement {to the extent of 20 to 30 %}
to make Portland-pozzolana cement.

It has, however been found in Ghana that it would be
better to prepare and burn the rice husk and clay
separately, since they are activated at different tem-
peratures. This process produces a highly reactive
pozzolana after mixture of the two.

-~

{c) Rice Husk-Waste Lime Sludge Binder:

This is the second process developed by the CBRI in
Roorkee, India: The rice husk-lime sludge binder is
made in the same way as the rice husk-clay pozzolana
described above. Clay is, however, replaced by waste
lime which is available from the sugar or paper
industry or from the production of acetylene gas. Here
also, no extra fuel is added and the heat of combus-
tion of the rice husk converts the calcium carbonate
(from the lime sludge) to lime. The obtained ash is
ground to th+ desired fineness in a ball mill and
possesses hydraulic properties without further addi-
tion of lime. The product can be used for mortar and
plaster (binder-sand mortar or plaster in 1:3 composi-
tion by volume) or for making lean concrete for
foundations and base concrete for floors. It can be
used as a soil-stabilizer in the production of stabilized
soil blocks or bricks (mixed with the soil to the extent
of 10-15% by weight) for improved rural housing
suitable in areas where burnt bricks cannot be man-
ufactured due to fuel shortage, but rice is produced
and lime sludge is available.

{d) Ashmoh-Process:

Developed in the Indian Institute of Technology, Kam-
pur, India, by Dr. P. C. Kapur, this process really caters
for the requirements in the rural areas. It is essentially
the production of rice husk ash which has not been
burnt under controlied conditions in heap or boiler
burning. The inert ash contains high percentage of
crystalline silica, but can be ball-milled with hydrated
lime to produce a hydraulic cement. Important (as
well as to all other processes) is a suitabie ball mill. in
India research is continuing in this field. A pilot plant
has been established with a ball mill where the ash
can be ball-milled to a (Blaine) fineness of between
10,000 and 20,000 cm?¥g.

It is apparent that cement made from rice husk ash can
work out to be 30 to 50 % cheaper than ordinary Portland
cement. The production of rice husk ash cement would
also require far less capital investment than that required
for the production of conventional cement. When pro-
duced under controlled conditions rice husk ash is an
excellent pozzolana.

Although complete figures of rice production in Ghana
are not available, it is interesting to note the amount of
cement which could be produced from the waste of just
one rice mill in the North of Ghana. In 1978/79 the
Government Rice Mill in Tamale processed 58,609 bags
of paddy rice, with a bag weighing 80 kg. This would work
out to approximately 4,700 tonnes of rice. With Mehta's
conversion this would mean a possible production (with
controlled burning in an incinerator similar to the PCSIR-
Peshawar kiln) of about 200 tonnes of ash from the 940
tonnes of rice husk which were the waste product left
after processing the paddy. Adding to the ash 30 % of
hydrated lime (by weight) 265 tonnes of suitable cement
can be produced after the intergrinding process. This
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would amount to about 5830 bags of 50 kg cement. If the
transportation of suitable lime from the deposits at Buipe
and Bongo-Da (about 90 km from Tamale) is too expen-
sive clay which can be used instead is readily available
near Tamale. The production of rice husk ash cement in
this area would be a feasible and economic unter-
taking.

. SAND-LIME BRICKS(repIacing% of the sand with
active silica obtained from rice husk ash):

The Building and Road Research Institute in Kumasi,
Ghana, has produced sand-lime bricks without autoclav-
ing by replacing about one third of the sand with active
silica obtained from burnt rice husk. This was mixed with
hydrated lime, moulded under pressure and allowed to
cure. The bricks have been tested and have sufficient
strength for ordinary use. Such bricks could be produced
in the country’s northern regions where rice husk and
limestone are available, but firewood for use in kilns for
burnt clay brick production is scarce.

3.3.1.2 BANANA AND PLANTAIN STALKS AND LEAVES

In the transitional forest and forest areas of Ghana where
banana and plantain are cultivated a thick liquid is pro-
duced from boiling the stalks and leaves. This liquid is
used as a water-proofing agent which is applied as a
wash on the plastered mud walls. The presence of fibres
controls the formation of cracks during drying.

The process of producing the water proofing agentis very
simple. After the stalks and leaves are removed from the
plant they are cut into very small pieces. A 40-gallon (180
litres) drum is filled up with two thirds of these cut-up
pieces and one third of water. The mixture is boiled, the
ingredients mashed from time to time. When the liquid
thickens, remaining heavy material is screened out. After
application of this liquid good protection of the rendered
walls is achieved for about three years before re-applica-
tion becomes necessary.

3.3.1.3 JUTE STALKS

The Barnagore Jute factory near Calcutta in India is
producing chipboards from jute stalks for a number of
years. The boards are actually soft boards in various
thicknesses, densities and different colours. They are also
manufactured in laminated form. The boards are used for
thermal insulation. A plant producing rigid boards is
planned. These will be manufactured by applying heat
and pressure techniques. Chipboards from jute stalk are
also produced in Bangladesh since 1969.

3.3.1.4 SUGAR CANE WASTES

During the sugar cane processing a waste by-product,
Bagasse, is considered in many developing countries as
one of the most promising ligno-cellulosic raw mate-
rials.

|. BAGASSE-REINFORCED COMPOSITE ROOFING:

The Agency for International Development, United States
Department of State, Washington, sponsored a 4-year
research project from 1973-1978, with the aim to develop
low-cost roofing from indigenous materials in three
developing countries (Philippines, Jamaica and
Ghana).



Four composite panel roofing material systems were
developed which utilize major percentages of indigenous
bagasse filler and minor amounts of phenolic or other
resin binders. Three of the systems developed use an
intensive (Branbury) mixer, all four have compression
moulding as a final process step in panel fabrication.
(Report: “Development of Low-Cost Roofing, from indi-
genous materials in developing countries” — Agency for
International Development, U.S.A., Washington, 1978).
Two of the systems which were found to be feasible for
Ghana are explained below.

In Ghana it has long been recognized that roofing is one
of the key and most costly elements of construction (the
roof can account for up to 15 % of the total costs of the
building) and that due to the shortage of cement and
suitable roofing materials a meaningful housing pro-
gramme cannot be realized. The programme aimed at
producing a roofing material which consisted of compo-
sites of low cost indigenous fillers and polymeric binders
and required only a minimal foreign currency compo-
nent. The production process should moreover utilize
abundant local manpower and locally available
facilities.

The material should successfully pass performance and
durability tests and prove to have acceptable resistance
to:

— Static loading,

— Impact,

— Solar radiation,

— Heat,

WHOLE BAGASSE oIl PIGMENTS &
STABILIZER

BANBURY TYPE INTENSIVE MIXING

DRY BLEND WITH PHENOLIC RESIN

COMPRESSION MOULDING

CUTTING AND TRIMMING

L

ROOFING PANELS
{ 530x530mm}

— Rain,

— Humidity,

- Wind,

— Fire,

Sound transmission,

— Insects, pests and fungus,

and should be of an acceptabie appearance.

The tests with two of the composite systems were super-
vised in Ghana by the Building and Road Research
Institute at Kumasi (M. K. Obeng) and manufacturing was
undertaken by Ghana Rubber Products Ltd., Accra.

(a) Bagasse — reinforced Phenolic Composite Roofing
Material (BRP):

This system consists of fibrillating the bagasse (in a
Branbury intensive mixer) and dry biending it with
resin binder in an end-over tumbler, e.g. concrete
mixer {Table 6). The material is then compression-
moulded for 3-7 minutes at 135° C. The result is a
rigid, strong, durable, moisture resistant, red pig-
mented panel product.

This system was found to be the one involving the
lowest costs from all four system.

NATURAL
RUBBER

L

OVEN DRIED WHOLE
BAGASSE

ADDITIVES

-

BANBURY TYPE INTENSIVE MIXING

|

FLUX , BLEND,CHOP, FIBRILLATE
AND DEWATER

Py

BAGASSE -REINFORCED NATURAL
RUBDER MOULDING COMPOUND

|

ROUGH CALENDERING SHEET
{ LOW TEMPERATURE )

€

COMPRESSION MOULDING
{HIGH TEMPERATURE)

ROOFING SHINGLES ‘
( 500 x 250 mm )

TaBLeE 6 : PRODUCTION PROCESS OF BAGASSE -REINFOR-

CED PHENGLIC COMPOSITE ROOFING MATE -
RIALS - BRP.

TaBLe 7: PRODUCTION PROCESS OF BAGASSE-REIN -
FORCED HARD RUBBER COMPOSITE ROOFING
MATERIALS - BRR .

113



Composition of raw materials:

Weight
— Phenolic Binders (Phenol Formal-
dehyde resin) for strength rigidity
andfireresistance) .. ... ... .. 30 %
— Whole Bagasse (reinforcing filler). . . 61 %
— lron Oxidepigment . . . . .. .. .. 5 %
-0il ... e 4%
— Preservative . . . .. ... ... c. 0.05 %

In Ghana, besides bagasse, the filler, constituting the
largest volume of raw materials needed, process oil,
pigments and phenolic powder are available.

On the exposure site it was found that a very thin top
surface layer which is rich in resin binder was
degraded after the first two months, changing the
surface from glossy to a dull finish which is accept-
able for the appearance. After a number of years the
roofing material is still in good condition (Fig. 201).

(b) Bagasse — reinforced hard Rubber-Composite Roof-
ing Material (BRR):

This system has a more complicated process of pro-
duction using different ingredients. Ghana is a rub-
ber-producing country. The availability of the major
raw materials (weight) would make the large-scale
production of BRR - roofing shingles or panels an
economic venture if a press can be developed for the
compression-moulding which works with higher
temperatures than that used for the commercial rub-
ber processing.

Composition of raw materials:

Weight
-~ Components of a hard rubber matrix
material (natural rubber, chlorinated
paraffin, sulphur, stearic acid zinc,
oxide, stabilizer and accelerator) . . . 45.26 %
— Constituents needed to introduce a
level of fireresistance . . . . .. ... 0.54 %
— Fillers,drywholebagasse. . . . . .. 52.20 %

A low-cost version has been tested in which the
chiorinated paraffin oil was substituted with rubber
processing oily This material had a poorer fire resist-
ance. The production process is explained in Table 7.
On the exposure site it was found that the very thin
top surface layer which is rich in natural rubber resin
binder degraded and eroded, changing the glossy to a
dull finish similar to the BRP sheets. Tensile retension
of 97 % was graded excellent after two years.
BRR-shingles are tough. They can be nailed with flat
top nails. The material can be bent when heated {up to
65° C) around large radius simple curves {(which
would, in use, minimize sealing problems).

The other two processes, bagasse-reinforced thermo-
plastic composite roofing (BRT) and phenolic bonded,
oriented bagasse fibre composite roofing (BOB) were not
tried in Ghana. They also proved to be good materials
where they were tried (Philippines, Jamaica).

In a tropical developing country which is self-sufficient in
sugar through sugar cane production excess bagasse
would be available in sufficient quantities. At present
Ghana uses all the bagasse for firing in the two existing
sugar mills. “Mini-sugar mills” would offer a solution. If
the equipment for the production of the composite roof-
ing material is availsble as well as suitable phenolic resin
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Fig. 201: Experimental bagasse — reinforced phenolic compo-
site roofing shingles on a kiosk at the Council for
Scientific and Industrial Research headoffice in Accra,
1981.

or hard rubber binders, this roofing material would be a
good aiternative to the costly conventional roofing mate-
rials which in many of these countries have to be
imported.

Il. SUGAR PRESS-MUD:

Sulphitation and carbonation sugar mills have a waste
material in the sugar production process, sugar press-
mud or lime sludge. From the sulphitation mills this is
used as fertilizer. The sludge left from the carbonation
sugar mills consists mainly of calcium carbonate and has
no use. In India this press-mud has been used as building
lime, which was found to be cheaper than to make lime
from limestone.

3.3.1.5 COCONUT WASTES

Coconut husk and coir fibre have been used in the
production of building boards and corrugated roofing
sheets combined with Portland cement in the Central
Building Research Institute of Roorkee, India. The boards
can be used for partitions and walling, or for thermal
insulation. The corrugated roofing sheets have to receive
a protective treatment on the exterior surface (a coating
based on cashew nut-shell liquid resin or an aluminium
foil 10-15 microns thick have shown good-reults against
weathering and solar radiation).



3.3.2 FORESTRY WASTE

With the policy adopted in many tropical developing
countries to export semi or fully processed timber pro-
ducts rather than the complete logs of commercial tropi-
cal hardwood species the processing saw mills, ply and
veneer mills, produce waste in form of saw dust, timber
off-cuts and shavings (Fig. 202). It has been found that
different building materials can be made from wood
wastes.

3.3.2.1 SAWDUST

I. PYROLYTIC CONVERSION TO FUEL:

In Ghana a pyrolytic converter has been built (as already
mentioned in “Natural Materials, Clays and Clay Pro-
ducts”) which converts wood wastes into oil and char.
This process was developed by the Engineering Experi-
ment Station (EES) at the Georgia Institute of Technol-
ogy, U.S.A., through pilot plant studies. The process is
applicable to almost any type of carbonaceous waste and
ligno-cellulosic materials that are available in sufficient
quantities in most of the tropical developing countries.
One ton of waste produces the fuel equivalent of about
one barrel of oil.

It. BRICK AND FLOORING FROM SAWDUST:

Sawdust is used in the production of porous clay bricks.
Sawdust and clay are mixed and hand-moulded. When
the bricks are burnt in a kiln the burnt sawdust leaves
pores in the structure of the brick, producing a brick of
good thermal properties. Magnesium oxychloride floor-
ings are also manufactured containing 28-30 % saw-
dust.

3.3.2.2 WOODCHIPS, STRANDS, SHAVINGS, WOOD-
BASED FIBRE MATERIALS

Timber offal is used for the manufacture of different types
of panels. The products manufactured with these particle
and wood-base fibre materials include insulating boards,
hardboards, particle boards and woodwool slabs. Wood
off-cuts can be engineered to an optimum particle size
and shape for the product that is to be made. These panel
materials are all reconstituted wood. The end products,
different types of boards, vary in thickness, density,

weight and properties. The raw material used in the
production of these boards are coarse residues from
logging operations, saw mills and furniture workshops.
In addition suitable binders are used. Whereas the fore-
stry wastes used from mills etc. are normally from prim-
ary wood species, lesser known or non-commercial
species are also a good source of raw materials.

|. FIBRE BOARDS:

The wood materials are converted into fibres and then
interfelted together. Lignin acts as bonding agent.
Natural and synthetic resins can also be used as binding
agents including preservative and fire-resistant chemi-
cals as additives. These will increase the strength of the
boards, the resistance to decay, fire and insects.

Il. PARTICLE BOARDS:

In the production of particle boards wood chips are
bound with synthetic resin (Urea-Formalidehyde, in some
cases Phenolic Resins). Special machines are needed to
cut the chips and press the boards in the presence of heat.
The resins used as binding agents are thermosetting
resins with other chemical additives to improve the
properties of the boards.

In Ghana rigid particle boards are produced by Novotex
at Nkawkaw (Fig. 203). The size of these boards is 2.43 m x
1.22 m x 6 mm (Imperial size 8'-0" x 4'-0' x "),

Fig. 203: Particle board made by NOVOTEX, Nkawkaw, 1981.

Fig. 202: Timber waste heaps be-
hind carpenter workshops
at Anloga, Kumasi, 1981.
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lll. WOODWOOL BUILDING BOARDS:

Woodwool is manufactured from special wood shavings
and mineral binding agents, normally Portland cement,
magnesite and gypsum. Wood used for the shavings
should be of no commercial value. The Forest Products
Research institute (F.P.R.l.) at Kumasi, Ghana, has tested
a number of different local timber species for their suita-
bility in the manufacture of cement-bound woodwool
slabs. Not all tropical wood species are suitable for this
purpose. Species with too high tannin and/or sugar
content (of the ligno-cellulosic material) cannot be used,
the setting of the cement would be adversely affected.
Of the suitable species Celtis sp. and Chrysophyllum sp.
are abundant in the moist semi-deciduous forests of
Ghana and neither are commercial species. Woodwool
slabs manufactured with shavings of these species have
furthermore been tested by the Building and Road
Research Institute (B.R.R.l.) at Kumasi, against termite
attack and were found to have the lowest termite damage
after 16 months exposure on the surface of the ground
and in the ground sandwiched between bait wood, com-
pared to other species.

Woodwool slabs are also produced with shavings from
other non-economic species like Musanga Cecropioides
{Umbrella Tree).

Woodwool slabs produced in Ghana are 2.00 m x 0.50 m x
25,50,75, or 100 mm thick (first commercial production of
woodwool slabs was recorded in Austria in 1928). The
density of the boards decreases with increasing thick-
ness. The shavings are mixed by volume: 1 volume of
woodwool to two volumes of cement and one part of
water. Before mixing, the shavings have been soakedina
3 % solution of calcium chloride {or magnesium chloride)
for 6 minutes. The main binder is cement, but successful
tests have also been made to use pozzolanic cement from
bauxite waste instead. The mixture is placed in wooden
moulds, kept under pressure (with cramps) for maximum
24 hours. The slabs are then stacked on top of battens to
allow free air circulation and left to cure for 28 days (Fig.
204 to 206).

Fig.205: Using a clamp to press down ready-mixed woodwool
shavingsin moulds.

Fig. 204: Shreddedtimber used forthe production of wood wool
slabs at the Forest Products Research Institute, U.S.T.,
Kumasi, 1981.

Woodwool slabs are normally used as non-loadbearing
building slabs for thermal insulation, partitions, plaster
boards, ceiling boards. They have high accoustical and
insulative properties. They can be nailed, sawn and
plastered. By adding appropriate chemicals during the
manufacture, they can be made resistant to fire and rot.
Woodwool slabs are normally used in the interior of
buildings where it is less likely that they are attacked by
subterranean termites. Woodwool slabs should not be
used in a damp and wet environment.

3.3.2.3 TANNIN-BASED ADHESIVES FROM MANGROVE
BARK

The bark of Rhizophora (Red mangrove) contains up to
40% tannin. In Indonesia work has been done on using
tannin-based adhesives from this bark in the production
of particle boards. The resins (a thermosetting condensa-
tion product from the reaction of para-formaldehyde with
mangrove bark extract) are the bonding agents in the
manufacture of particle board.

Fig. 206: Matured woodwool slabs. Wood used for shredding in
the foreground.




3.3.3 INDUSTRIAL WASTES

3.3.3.1 POZZOLANA FROM BAUXITE WASTE

Much work has been done by the Building and Road
Research Institute at Kumasi, Ghana, on the production of
pozzolana from bauxite waste that can be used, mixed
with lime and sand as mortar or plaster or mixed with up
to 40 % of Portland cement as pozzolana cement for
structural concrete. Some details are also listed in “Man-
Made Materials, Pozzolana-Cement”.

Bauxite waste in Ghana is produced through washing of
bauxite ore for export. These washings, containing 25 %
of solids, are collected as ponds. During the dry season
from December to February the ponds dry out leaving a
red plastic mud. A vast amount of this mud has accumu-
lated to more than a million tonnes at Awaso (British
Aluminium Company) mine over the years. This red mud
is, after excavation, sun-dried, calcined at controlled
temperatures between 600 to 800° C for a suitable
period, after which itis ground to cement fineness. In this
state it is used with lime and sand as mortar or plaster and
has shown satisfactory compressive strengths proper-

MORTAR CONCRETE 1:2:4
MIXTURE
7 DAYS | 28 DAYS 7DAYS |28DAYS
100°/s CEMENT 284-35 362-96 21444 305-84
80°/ CEMENT/
20°/. POZZOLANA| 26704 31919 228-50 316-40
70°%, CEMENT/
30/ POZZOLANA | 254-51 286-12 21162 300- 1
60°, CEMENT/
L0/ POZIOLANA | 248-17 26738 160-00 224-28

Tagtes COMPRESSION TESTS OF CEMENT-POZZOLA-
NA MORTAR AND CONCRETE (kg/cm?)

SAMPLE 7DAYS |28DAYS [60DAYS 90 DAYS
LIME:POZZOLA-
NA:SAND 1:2:9 | 111.87 | 120-92 127-95 137-79

Tapte 9 COMPRESSION TEST OF LIME-POZZOLANA-

SAND MORTAR kg/cmZ)

ties. The ground pozzolana can also be blended with
cement in different proportions. Intergrinding the poz-
zolana with cement clinker in proportions as high as 50 %
yields a pozzolanic cement with long-term strenghts
equivalent to that of ordinary Portland cement.
Preliminary cost estimates for the commercial produc-
tion of the pozzolana have indicated that with the availa-
bility of bauxite waste (with more waste available if other
bauxite reserves are to be developed as proposed) the
cost of cement may be reduced by a considerable
amount. Bauxite is also being mined in Sierra Leone,
Guinea, Zaire, Jamaica, Guyana.

Tables 8 and 9 show compression tests of blended
cement — pozzolana mortar and concrete (“Pozzolana
from Bauxite Waste” by A.A. Hammond, B.R.R.l,
Kumasi).

3.3.3.2 BLAST FURNACE SLAG: SLAG CEMENT

Integrated steel works produce large quantities of blast
furnace slag as a waste product. Slag is discharged from
the blast furnace as a hot liquid. After it cools in the air {or
water) its composition is similar to that of clinker used for
cement manufacture, except that its lime content is very
low. Blast furnace slag can be used for inter-grinding with
clinker to produce conventional slag cement. Other uses
for blast furnace slag have already been mentioned in
“Man-Made Materials: Concrete, Aggregates”.

3.3.3.3 FLY ASH

Fly ash which is a waste by-product of the combustion of
pulverized coal in thermal utility plants, is increasingly
being used as a pozzolanic material to partly replace
ordinary Portland cement. In developing countries which
are using thermal power stations the disposal of fly ash
and its use as a good quality cementitious material is of
ecnomic advantage. The quality of the fly-ash used
depends on the quality and fineness of the pulverized
coal and the method of burning it. Good quality fly-ash
increases the workability, strength and durability of the
produced cementitious material.

The Central Building Research Institute of India has
developed a process of using fly-ash obtained from
India’s thermal power stations in the brick industry. The
addition of fly ash to the clay results in less firing costs.
The bricks are lighter and better burnt. Addition of fly ash
has also resulted in a reduction of drying shrinkage of the
bricks. The C.B.R.l. has also developed a process for the
use of fly ash in combination with clay and coal for the
production of light-weight aggregates with bulk density
of 850 to 700 kg/m°. The fly ash is fed (together with clay
and pulverized coal in suitable proportions) into a pan
pelletizer. The pellets are then fed into a sintering
machine. The sintered products are allowed to cool, then
crushed in a jawcrusher and sieved into three fractions.
Oneton of aggregate requires alittle more than one ton of
fly ash.

3.3.3.4 LIME SLUDGE

Large quantities of waste lime sludge in form of finely
precipitated calcium carbonate are available from:

— Carbonation process, sugar factories;

— Sulphate and soda process, paper mills;

— Tanneries;

— Calcium carbide based acetylene industries (Fig. 207).

%, . bt s 2 BRSO
Fig. 207: Lime sludge waste at the AIR LIQUID factory in Tema,
1981.
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Much research work has been done in different develop-
ing countries into the use of lime sludge by intergrinding
this waste material with Portland cement to produce a
specially formulated masonry cement. It is necessary,
however, to examine lime sludges before they are used
as raw materials for the manufacture of cement, since
calcium carbonate and lime sludge are likely to contain
impurities such as sulphates, phosphates and alkalis.

3.3.3.5 ASBESTOS CEMENT FACTORY WASTE

During the production of asbestos cement waste in form
of asbestos cement sludge and recuperator waste is
produced. The Regional Research Laboratory in Jorhat,
India, has developed a simple process for making durable
floor tiles from this waste. Even with a low moulding
pressure of 50 kg/cm?, the value of transverse breaking
load and the percentage of water absorption satisfy the
specification requirements. Tile sizes are 200 x 200 mm x
20 mm thick and they can be produced in different
colours. The raw materials required are: asbestos cement
sludge and recuperator waste, ordinary Portland cement,
white cement, marble dust and chips and pigment. The
main items of the equipment for the production are:
pulverizer, ball mill, concrete mixers, hydraulic press with
necessary moulds for tile making, grinding machine,
curing and water tanks. With sufficient raw materials
available 2000 tiles could be produced in a working day.

3.3.3.6 ASPHALTIC CORRUGATED ROOFING SHEETS

Bitumen, a by-product of the petroleum-refining industry
is already being used together with paper felt in the
manufacture of asphaltic corrugated roofing sheets in
India, Brazil and some African countries. The production
process (as described by DR. A. V.R. Rao from the Indian
National Building Organization in Appropriate Techno-
logy. Vol. 1, No. 4, “Roofing with Low-cost Corrugated
Asphalt Sheets”) is simply to reduce the basic raw mate-
rial: waste paper, rejected asbestos fibre and rags or
other cellular fibres, cocosnut fibres, etc. to a wet pulp of
the required fineness successively in coarse and fine
hammer mills and forming the pulp into sheets, in felt or
board forming machines. The boards are dried in the sun
or in a drying oven under controlled conditions and
trimmed. They are then impregnated in an asphaltic bath,
cured for a short time and finally dip painted (aluminium
paint). The impregnation medium is a standard paving
asphalt.

Asphaltic corrugated sheets could satisfactorily replace
conventional and more expensive roofing materials such
as corrugated iron and aluminium sheets especially
where these have to be imported and waste raw materials
for the production of asphaltic corrugated sheets are
available.

It is recommended to use asphaitic corrugated roofing
sheets in temperatures not exceeding 44°C in the
shade. India is already producing these sheets with an
average annual capacity of 20 million square metres
(1976) and plans to establish more plants. Asphaltic
corrugated roofing sheets are completely waterproof,
having excellent thermal insulation properties, are flex-
ible, non-conducting, fungus and termite proof and not
susceptible to corrosion {(and consequent leakages, as so
often happens with galvanized iron sheets). Being light
the sheets require a lighter substructure. They can be
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nailed directly on to the supporting structure even by
unskilled labour without special fixing equipment. In
India these roofing sheets are used in areas of heavy
rainfall, for low-cost urban housing and for rural
housing.

3.3.4 CONCLUSION

From the foregoing it can be seen that the conversion of
various types of agricultural, forestry and industrial
wastes into building materials is no longer just aresearch
pursuit but in many cases an already established tech-
nological achievement, especially in many of the
developed countries. There the industries established to
manufacture building materials from wastes have the
advantage of vast amounts of low cost raw materials. At
the same time these new industries help solve pollution
and socio-economic problems. With rapid agricultural
development and industrialization in the developing
countries large quantities of agricultural, forestry and
industrial wastes are now available. Their conversion into
building materials will supplement conventional building
materials, will reduce shortages of building materials and
will enable developing countries to implement their
necessary construction programmes.
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4 TIMBER AND TIMBER FRAME

GONSTRUGTION

For the present housing need in developing countries
where the population grows at a much higher rate thanin
the developed countries the uses of all available local
building materials must be fully explored.

As already mentioned before the tendency in Ghana has
been to use cement-sand block construction for wall
building in the fast growing urban areas. With the begin-
ning stagnation and decline of the economy the call went
out for low-cost housing schemes. As about 60 % of the
costs of a building account for materials used in the
construction it is in the national interest of developing
countries which are rich in different tropical hardwoods
to use timber to a greater extent in building.

The advantages of timber will be discussed in the follow-
ing sections on the physical and mechanical properties of
timber. The disadvantages are always over-emphasized,
whenever there is a discussion about the use of timber for
construction of houses. The first reason for rejecting
timber is “that it burns”. It is true that timber is a
combustible material, but in larger sections (which are
those normally used in frame construction) it has a
greater resistance to fire than for example steel and
aluminium, because metals distort, bend and collapse in
a short time when burning, while timber sections stand
fires for a longer period without failure. It is perhaps
interesting to note here that during World War Il and the
bombing damages to European, especially English and
German towns, structural timber in many medieval and
other buildings survived the fires (the framework was
burnt and smouldered away on the outside, the core of
the sections was untouched and sound), yet buildings
with reinforced concrete frames and slabs had collapsed.
In its natural state timber already satisfies general fire
resistance requirements of building codes. With addi-
tional treatment it can be rendered incombustible. Fire
hazard is therefore not a setback in the use of timber for
building.

Treatment of timber can also improve its resistance to
fungi and termites, as will be explained further on.
Coupled with these measures should be a careful selec-
tion of the right timber species for construction and
specific design details which help to prevent possible
fungus and termite attack.

As with mud houses a change of mentality is necessary to
understand that timber houses have qualities equal and
better than houses built with cement-sand blocks and
reinforced concrete frames. Wood is easily worked and
shaped. It has high strength compared to its weight. Itis
flexible for component design, that is for prefabricated
panel system building, which makes erection and dis-
mantling of timber structures easy. Industrialized build-

Overleaf: Logs at a sawmill in Kumasi, 1982.

ing methods with timber components and structural
timber are common practice in the Scandinavian coun-
tries. This practice is spreading throughout North
America, Canada and Britain where timber is becoming,
next to bricks the principal material in one, two and three-
storey housing construction. The same is true of Australia
and New Zealand. Some tropical developing countries
such as Papua New Guinea, India, Kenya and Malasia are
also putting a larger emphasis on the use of wood for
housing.

Timber houses are durable, comfortable and also more
resistant to earthquakes. The feeling of comfort in a
house is being enhanced by wood panelling on walls, by
a timber floor and timber strip ceiling. The wealth of
textures and colours of different tropical timber species
and their natural beauty cannot be matched by any other
material (Fig. 208). Wood has excellent insulating proper-
ties and a low thermal conductivity. It is resilient. In
concert halls timber panels of different kinds are most
valuable tools in tuning of these halls or in sound studios
(wood is used there for accoustic applications). Timber
frame windows and doors have proved to be more
economical than steel or aluminium-framed windows
and doors in tropical developing countries.

There are no less than about 250 species of timber
available in Ghana, out of which about 100 species are
usable for construction (see “Timber Catalogue”, Appen-
dix ). Of these about 40 are so-called “‘commercial” spe-
cies (of which 12 are used primarily for export). Some of
these species are soft and light, some are as hard as iron
and very heavy. Some of them have similar properties. So
that, if one particular species, e.g. Odum (Chlorophora
Excelsa) is not locally available in one area, other timber
species may be there which have properties similar to
Odum.

4.1 TREE GROWTH (Fig. 209)

Wood is made up of individual units, called cells. When
cells of the same type are together and perform the same
function, their formation is described as tissue (there are
the storage tissue, the conducting tissue, the strengthen-
ing tissue). The growth of a tree is the result of the living
process of cell formations. Growth is restricted to those
regions in which cell forming tissue occurs and this is
entirely in the Cambium-sheath (Fig. 210). Tropical tim-
bers, unlike timbers from temperate climates, do not
obey climatic changes and so do not often exhibit growth
rings. The effect of wide rings, if any, is a lower density of
the wood and consequent decrease in structural strength.
Narrow rings point to a strong wood of high density. f
both wide and narrow rings occur in one piece, typical
seasoning defects may appear on drying, which will be
explained further on.
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Fi6.210 SECTION THROUGH A TREE TRUNK

Under normal conditions the growth of a tree is more or
less erect. Wood for building construction should be cut
from straight logs and should be free of defects, such as
knots {which cause the grain fibres to run obliquely to
their former course in their vicinity).

The grain of wood is the direction or arrangements of
fibres or cells. It is also describing the structural features
of timber {(or the plane of the outer surface of the timber—
end grain, side grain). The strength of timber varies with
the angle of inclination of the applied stress to the
direction of the grain. The greater the inclination or slope,
the weaker the timber is in strength; for example knots
disturb the direction of grain causing localized cross grain
with steep slopes.

4.2 CONVERSION AND GRADING OF TIMBER

4.2.1 CONVERSION

A proper conversion of timber (cutting up of a log into
sawn timber) is important, because the value of the wood
is being influenced by the correct methods used for the
different requirements of the sawn timber.

A survey on timber conversion at some of the sawmills in
Kumasi showed that generally two methods of conver-
sion are being used (Fig. 211). The type of conversion
used depends on the user’s specifications.

FLAT SAWN:

Also described as through and through sawn or slash-
sawn refers to cutting tangential to the growth rings right
through the log.

QUARTER CUT:

Or rift-sawn refers to cutting radially to the growth rings.
Quarter-sawn timber shows less tendency to curl across
the width and shrinks less than flat sawn timber. It is the
best method of cutting floor boards.

4.2.2 GRADING

Grading of timber means sorting or classifying it into
quality groups for particular uses. The basis for grading
may be the determination of defects (by visual means)

which affect appearance and/or strength or the determi-
nation of strength by mechanical means. In some saw-
mills the following grading system is being used (in the
absence of a uniform system of grading) in Ghana:

1st grade = free from all defects;

2nd grade = some round knots and small defects:;

3rd grade = atlarger number of knots and small defects;
4th grade = definitely knotty (with dead knots) and

waney edges.

Since it is seldom possible to find a perfect log, most
sawn timber will have a certain number of imperfections,
defects and blemishes. A defective piece of timber cannot
be used where it is necessary to use a faultless piece. On
the other hand it would not be economical to use a
faultless piece of timber where pieces with some defects
could be tolerated. The basis for a grading system there-
fore is the identification and description of limiting
defects (in the case of strength grading) or limiting
blemishes (in the case of appearance grading). In addi-
tion the user’s specification will be another basis (“usage
grading”).

Grading for strength is more technical. As already men-
tioned before, different defects have variable influences
on strength properties of timber. Principal defects which
cause a decrease in the strength of timber are:

1. Slope of grain;

2. Knots and holes;

3. Wane (decrease in size);
4. Gum pockets.

Grading rules are formulated which specify limitations
for the defects which affect the strength of timber
(“Stress-grading” = accurate and reliable grading for
strength). In recent years mechanical grading has
received considerable attention. It is based on the rela-
tionship between deflection and flexural strength.

In Ghana work on grading by the Building and Road
Research Institute (B.R.R.l.), the Forest Products Research
Institute, (F.P.R.l.) and the Utilization Branch of the Minis-

i,
Wiy

TFLAT SAWN { THROUGH AND THROUGH SAWN ) WITH A BOXED HEART
WITH STAR SHAKES; GOOD FOR FLOOR JOISTS .

2 QUARTER CUT OR RIFT SAWN ,WITH BOXED HEART { STAR SHA-
3KES ) IN 3;6000 FOR BOARDING .

CONVERSION OF TIMBER

FIG. 211

try of Forestry is based on strength grouping of timbers.
More or less uniformly accepted seem to be the recom-
mended strengths groups of N.S. Bawa (“Working Stress
of Ghana Timbers” — Technical Note No. 5 — B.R.R.L).
These are listed in three grades:

— Grade | or 75 % stress grade:
Faults in this particular grade of timber will require that
basic stresses be reduced to 75 % of their values.
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— Grade || or 65 % stress grade:
Working stress values for Grade |l timber will be 65 %
of the basic stress values.

— Grade |l or 50 % stress grade:
Extends of faults in Grade Ill timber will require a
reduction of basic stresses by 50 % of their values.

Basic properties of some indigenous Westafrican hard-
woods are listed on Table 10 (from: “Compilation of Data
on the Properties of some Hardwoods Indigenous to
West Africa” by Isaac K. A. Okoh, Technical Note No. 22,
F.P.R.l. For Table 10 see Appendix lll).

4.3 PROPERTIES OF TIMBER

4.3.1 PHYSICAL PROPERTIES OF wWOOD

Wood ist hygroscopic, it absorbs or gives up moisture to
the atmosphere in a constant interchange. Green wood
(wood just cut) starts to give up free water first when
exposed to the air, then the cell walls start to shrink as the
water in them is given up. The wood starts to shrink
below the fibre saturation point (fibre saturation point =
25 % to 30 % of the dry weight of wood). During this
“drying” period the strength, hardness and stiffness of
the wood increase. If this timber is exposed to a humid
atmosphere again (after it has been dried below the fibre
saturation point) it will absorb water, but only in the cell
walls. This “working” of the wood cannot be eliminated
but can be kept within reasonable limits by proper sea-
soning and also correct storage (Fig. 212).

4.3.2 MECHANICAL PROPERTIES OF WOOD

The mechanical or strength properties of wood are a
measure of the ability of timber to resist externally
applied forces which tend to alter its shape or size or to

result in any other deformation. For the structural use of
timber its resistance to:

Fi6.213 MECHANICAL PROPERTIES OF WOOD :
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RS.= RADIAL SHRINKAGE AS MUCH AS 8°% FROM GREEN TO DRY.

T.5.= TANGENTIAL SHRINKAGE AS MUCH AS 14°, FROM GREEN TO
DRY.VARYING WITH THE SPECIES T.5.1S GENERALLY CON-
SIDERED TO BE TWICE AS MUCH AS THE RADIAL SHRINKAGE.

F16.212 SHRINKAGE OF WOOD AND STRUCTURAL
AXES

— Bending;

— Compression;

Tension;

— Shear;

must be known. Unlike steel which is isotropic (and has
the same properties in all directions) wood is orthotropic;
it possesses different mechanical and elastic properties
in accordance with the direction in which it is stressed
(Fig. 213).

: THIS IS AMEASURE OF THE ABILITY OFTIMBER TO RESIST FORCES THAT TEND TO PULL !T APART,OR

T0 STRETCH OR ELONGATE IT.WOOD IS STRONGEST IN TENSION PARALLEL TO THE GRAIN.
COMPRESSIVE STRENGTH : THIS 1S AMEASURE OF THE BEARING STRENGTH OF TIMBER PARALLEL TO AND ACROSS THE GRAIN.

SHEARING STRENGTH

©THIS IS A MEASURE OF THE ABILITY OF TIMBER T0 RES!ST FORCES THAT TEND TO CAUSE ONE

PART OF THE PIECE TO SLIDE ACROSS ANOTHER PART ADJACENT TO IT. SHEAR PARALLEL T0
GRAIN IS FREQUENTLY THE CAUSE OF FAILURE OF BEAMS UNDER CERTAIN LOADING CONDITIONS.

BENDING STRENGTH

* THIS IS A MEASURE OF THE STRENGTH OF TIMBER ACTING AS A BEAM.STRESSES INDUCED ARE

COMPOSITES OF SIMPLE COMPRESSION, TENSION AND SHEAR STRESSES.

STIFFNESS

e

THIS IS AMEASURE OF THE ABILITY OF TIMBER TO RESIST DEFLECTION ORBENDING.IT IS EXPRES-

SED INTERMS OF "MODULUS OF ELASTICITY "(E).THE MOST IMPORTANT 'E'IS THAT PARALLEL

TO THE GRAIN.
HARDNESS

TOUGHNESS : THIS IS A MEASURE
OF THE ABILITY OF WOOD TO WITH-
STAND SHOCK,TO ABSORB THE ENERGY
CAUSED BY THE SHOCK OF IMPACT.
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: THIS IS A MEASURE OF INDENTATION RESISTANCE.

HORIZONTAL SHEAR : THE RE-
SISTANCE TO SHEAR PERPENDICULAR
TO GRAIN IS MUCH GREATER THAN
PARALLEL TO THE GRAIN.

Vi

COMPRESSION : 1=PERPENDICULAR TO
GRAIN AS IN POST OR STUD ON SILL OR PLATE.
2 =PARALLELTO GRAIN AS INPOSTS,TIMBER CO-
LUMNS, STRUTS AND TRUSS STRUTS.



overtear Fi6.208: 92 OHANA -TIMBER SPECIES

STERCULIA BROWN PTEROCCARPUS ERINA- ALBIZIA ADIANTHI- COMBRETODENDROM
( WAWABIMA) CEUS ( SENEGAL FOLIA MACROCARPUM

'|3 26 ROSEWO0O0D ) 39 ( PAMPENA) 52 (ESIA)
TIEGHEMELIA TERMINALIA IVOREN- cyLICOoDBISCUS SACOGLOTTIS GABO-
HECKELIl { BAKU/ SIS (EMERI/IDIGBO, {DENYA / OKAN) NENSIS
12 MAKORE ) 25 SHINGLE wOoOD) 38 5" ( TIABUTUO }
MITRAGYNA CILIATA GUAREA CEDRATA STROMBOSIA CHLOROPHORA EX-
( SUBAHA/ABURA ) ( SCENTED GUAREA) ( AFINA ) CELSA ( ODUM/

IROKO

1 24 37 50 "’
ENTANDROPHRAGMA ALBIZIA ZYGIA GLUEMA IVORENSIS CHRYSOPHYLUM
UTILE {OKURO) (GLUEMA ) ALBIDUM
lo( UTILE ) 23 36 49(AKAASA)
ONGOKEA GOR MAMMEA AFRICANA HOLARRHENA FLORI- ENTANDROPHRAGMA
{ BODWE ) { BOMPEGYA / AFRI- BUNDA { OSESE/ CYLINDRICUM

9 22 CAN APPLE ) 35 SESE ) 48 ( SAPELE )
PSEUDOCCEDRELA CEIBA PENTANDRA NAUCLEA DISTEMONANTHUS
KOTSCHI!I ( ONYINA, SILK { KUSIA / OPEPE ) BENTHIAMUS (AYAN/
8 ( KRUBETA) 21 COTTON TREE) 34 47 BONSAMDUA )
PTERYGOTA MACRO- TERMINALIA SUPERBA|| ANINGERIA ALTIS- TARRIETA UTILIS
CARPA ({ OFRAM / AFARA ) SIMA ( NYANKOM )}

KYERE ({ ASAMFONA)

7 TR 20 33 46

LOPHIRA ALATA ALSTONIA BOONEI LOVOA STERCULIA OBLONGA
{ KAKU / EKKI ) { NYAMEDUA ) { AFRICAN WALNUT)) { CHAA )
. 19 32 45

SCOTTELLIA CORIACEA AFZELIA MORUS MESOZYGIA PIPTADENIASTRUM

{ KOROKO ) ( PAPAO ) ( WONTON ) AFRICANUM
5 18 31 44( DAHOMA )
MANILKARA LACERA TRIPLOCHITON DIOSPYROS SANZA- MANSONIA ALTIS-

{ AFRICAN PEARWOOD) | ( WAWA ) MINIKA SIMA

4 '7 30 { KUSIBIRI ) 43 { MANSONIA)
ELAE!IS GUINEENSIS ALBIZIA FERRUGI - KLAINEDOXA GABO- DANIELLA OGEA

{ OIL PALM ) NEA ( AWIEMFO - NENSIS (HYEDUA)

3 Ib SAMINA) 29 { KROMA) 42
TURRAEANTHUS KHAYA IVORENSIS ERYTHROPHLEUM ENTANDROPHRAGMA
AFRICANUS { MAHOGANY ) ( POTRODOM ) ANGOLENSE

2 (AVODIRE) |5 28 4| ( EDINAM )
CANDOLLE! ENTAN - KHAYA GRANIFO - AFRORMOSIAELATA CELTIS MILDBRAEDII
DROPHRAGMA LIOLA { AFRORMOSIA ) (ESA)

I ( CANDOLLES) '4 { MAHOGANY ) 27 40
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SOME DEFINITIONS:

Stress = Distributed force; force per unit
area;

= The distributed force tending to
compress, elongate or change the
relative position of wood fibres;

= An internal stress induced by
forces which tend to elongate a
member;

Compression Stress = An internal stress induced when
opposing forces tend to crush or
shorten a member;

= An internal stress induced when
opposing forces tend to cause
adjoining planes or surfaces of
members to slide, one on another;
= The maximum stress which may
safely be induced in a structural
part;

= A term which embraces those
properties of wood which enable it
to resist imposed forces;

= The measure of the load-bearing
capacity of a beam;

= A compound stress induced by
loads acting perpendicular to the
longitudinal axis of a member — a
composite of the simple stresses:
tensile, compressive and shear;

Fibre Stress

Tension Stress

Shear Stress

Working Stress

Strenght

Bending Strenght

Bending Stress

Stiffness = The property which enables a
member to resist deformation
when acted on by external forces;

Elasticity = The property which permits

changing form with the application
of force and immediate recovery
upon release. In any elastic mate-
rial, the deformation is propor-
tional to the force applied, within
limits.

4.3.3 THERMAL PROPERTIES OF WOOD

Wood is a natural heat insulator because of its cellular
structure. If a timber structure has an outer and inner skin
(external boarding and internal lining) the air in between
the skin is an insulator. The result in tropical climates is a
comfortable in-door condition. In addition the wall
cavities between the external boarding and internal
panelling or lining can be lined with fibre glass quilts or
plastic foam as extra insulation, if so required. In terms of
resistance to heat flow a 25 mm thick timber board is the
equivalent to a 115 mm thick brick wall (Table 13).

4.4 SEASONING OF TIMBER

As already mentioned seasoning of wood increases its
strength properties (Table 14). It is also achieving other
objectives:

~ to render the timber as stable as possible so that
movement (“working”) will be negligible when it is
used for construction or furniture;

— to make it immune to attack from wood-rotting fungi
and to lessen attacks from insects;

- to prepare it for finishes;

— to reduce its weigh (ultimate saving in transport costs).
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RESISTANT

LESS RESISTANT,SOME PRO -
TECTIVE MEASURES NEEDED

AFZELIA (AFZELIA AFRICANA)

AVODIRE [ TURREANTHUS AFRIW
CANUS )

ESIA{COMBRETODENDRON
MACROCARPUM )

KOKODUA (PARINARI RO -
BUSTA)

KONKROMA [ MORINDA LUCIDA)

KUSTA{ NAUCLEA DIDER-
RICHIT )

MAKORE { TIEGHEMELLA
HECKELII)

OKAN [ CYLICODISCUS GABU-
NENSIS )

POTRODOM { ERYTHROPHLEUM
IVORENSE)

SAPELE(ENTANDOPHRAGMA
CYLINDRICUM)

UTILE{ ENTANDOPHRAGMA
UTILE)

WONTON(MORUS MESOZYG1A}

AFRORMOSIA [ PERICOPSIS
ELATA)

ALBIZIA (ALBIZIA FERRU-
GINEA)

AFRICAN MAHOGANY (KHAYA
IVORENSIS)

AYAN (DISTEMONANTHUS
BENTHAMIAMUS )

DAHOMA (PIPTADENIASTRUM
AFRICANUM)

DANTA ( NESOGORDONIA PAPA-
VERIFERA)

EXKKI { LOPHIRA ALATA)

GUAREA (GUAREA CEDRATA)

ODUM [ CHLOROPHORA EXCELSA)

MANSONIA [ MANSONIA AL-
TISSIMA)

AFRICAN WALNUT (LOVOA
TRICHILIGIDES )

STERCULIA BROWN [ STERCU-
LIARHINOPETALA)

TasLE 11 RESISTANCE OF SOME GHANAIAN TIM -

BER SPECIES 70 SUBTERRANEAN TER -
MITES ( TIMBERS TESTED [N GHANA AND NIGERIA)

HIGHLY RESISTANT

RESISTANT

AFINA ( STROMBOSIA GLAU -
CESCENS )

AFRORMOSIA *
ALBIZIA
OKAN - DENYA *
EXKI - KAKU*
KUSia*
ODUM-IROKD*
POTRODOM *

BONSAMOUA [DISTEMONAN-
THUS BENTHAMIAMUS)

DANTA *

ESIA*

TEAK(TECTONA GRANDIS)
WONTOK *

TaBLE 12 RESISTANCE OF SOME GHANAIAN TIM -

BER SPECIES TO MARINE BORERS

+ SEE TABLE M

THERMAL THERMAL EFFICIENCY

MATERIAL  |CONDUCTIVITY| RESISTANCE |AS INSULATOR
K R %o
w000 0-80 1-25 100-00
AIR SPACE 1-03 097 776
COMMON BRICK 5-0 0-20 160
FACE BRICK 9-0 0-11 8-9
CONCRETE 12-0 0-08 54
STONE 12:5 0-08 64
STEEL 3120 0-0032 0-25
ALUMINIUM 1415-0 0-00070 0-06

tasLe 13 THERMAL PROPERTIES OF SOME BUILDING

MATERIALS PER 25mm THICKNESS




A preliminary seasoning is sometimes accomplished by

BENDING MAX.COM- : PP L ;
MAX SHEAR girdling” the tree trunk before cutting it down. A strip of

AFRICAN WALNUT

{LOYOA TRICHI-

GREEN STRENGTH :?:ESS;VTZ PSI;:':EETLH bark and wood completely encircling the trunk is cut
ITOGRAIN | TO GRAIN away. This severs the supply of water from the roots. The
leaves, before they die, continue to exhaust some of the
KUSIA [ NAUCLEA 703- 28 50691 1% -12 water present in the trunk. This could be described as a
BIDERRICHII ] very slow way of pre-seasoning.
“A"gMuHLﬁRSR)IE 710 - 06 372-64 101 -95 4.41 AIR SEASONING
ABURA { MITRAGYNA| 527-30 267-87 - This method makes use of the prevailing winds, the
STIPULOSA} warmth of the air, while protecting the timber from the
SAPELE(ENTANDO - | 752-28 36701 99 - g4 rain. The timber is stacked off the ground {(under cover) so
PHRI;&GMA Y- that air can pass over each piece of wood. Each piece is
LINDRICUM)

separated from the other by approximately 256 mm. A
548-40 292-48 - stack is normally 1.80 m wide. A moisture content of
14-18 % can be achieved in humid areas (depending on

LIOIDES) the season) after about 4 to 6 weeks air drying per 25 mm
of timber thickness.
DRY
12%%MOISTURE CONTENY kg /cm? kg/cm’ kg /cn’ 4.4.2 KILN SEASONING
In kiln seasoning the rate of drying is accelerated b
KUSIA 116006 704-48 15397 heating and control of humidity. Thisis accomplishedinz
NYANKOM 703-28 521-30 129-30 closed chamber with controlled temperatures, humidity
ABURA 808-53 45349 127-00 and air flow. The great advantage is speed and precision
SAPELE 1131-94 597- 61 182-80 in regard to the required moisture content of the timber.
AFRICAN WALNUT 791-47 6731-17 89 -99 Forced draught kilns dry 50 mm thick hardwood from
green condition to a moisture content of 10-12 % in 3 to
12 weeks; drying from an air-dry condition (20 % mois-
taBLE 14 COMPARISON BETWEEN THE STRENGTH ture content} down to 10-12 % takes from 1 to 4 weeks
PROPERTIES OF SOME GREEN AND DRIED (from "The Structural Properties of West African Tim-
bers”, R. G. Tyler). In natural draught kilns the drying
GHANAIAN TIMBER SPECIES times are considerably longer. The variation in the given
NOTE : I TOGRAIN = PARALLEL TOGRAIN times depends on the timber species which are dried;
TABLES 11,12,13 AND 14 COMPILED WITH INFORMA- softer species generally take less time.
TION ANO DATA RECEIVED FROM THE FOREST PRO - Comparing the times for air and kiln seasoning one can
DUCTS RESEARCH INSTITUTE AND THE B.RR.I.,US.T, say that air seasoning will take from two to four times as

KUMASI.

CHECK : & SEPARA -
TION OF THE FIBERS

ALONG THE GRAIN FOR-
MING A CRACK OR FIS-
SURE FROM STRESSES
SET UP DURING THE

SEASONING PROCESS.

F16. 214 :SEASONING DEFECTS

long as kiln seasoning which is quicker, but at the same
time much more expensive.

BOW : A CURVATURE OF A
PIECE OF TIMBER IN THE
DIRECTION OFITS LENGTH.

CUP . A CURVATURE OF A
PIECE OF TIMBER IN THE
CROSS - SECTION OF THE
PIECE.

DISH : A CURVATURE OFA
PIECE SUCH THAT ONE FA-
CE IS CONCAVE {COMBINA-
TION OF BOW AND CUP).

SPLIT:asepara- TYPICAL SHAKES : A sepa-
TION OF THE FIBERS RATION OF FIBERS ALONG THE
ALONG THE GRAIN FOR- GRAIN DUE TO STRESSES DEVE -
MING A CRACK OR FIS- LOPING IN THE STANDING TREE
SURE THAT EXTENDS  OR IN FELLING OR DURING SEA-
THROUGH THE PIECE  SONING.

FROM ONE SURFACE TO

THE OTHER.

SPRING : A CURVATURE
OF A PIECE OF TIMBER IN
THE PLANE OF ITS EDGE.

TWIST - A SPIRAL DIS-
TORTION OF A PIECE OF

Seasoning of timber must be controlled carefully in order TIMBER.

to avoid that the outer layers dry out faster than the inner

layers which will result in seasoning defects {Fig. 214).

Timber should be dried out to such an extent that it will be

in equilibrium with its surroundings in which it is used. WARPING : OISTORTION IN CONVERTED TIM-
There are two basic methods of seasoning: BER CAUSING DEPARTURE FROM ITS ORIGINAL

{a) Air seasoning;
(b) Kiln seasoning.

PLANE ,USUALLY DEVELOPING DURING THE SEA-
SONING PROCESS.
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A moisture content of timber between 14 and 18 % is
acceptable for tropical humid areas. In the dry arid zones
of tropical countries timber used in construction should
be dried to a moisture content of 8 to 13 %.

4.4.3 UTILIZATION OF SOLAR ENERGY FOR TIMBER
SEASONING

Research has been going on in a number of countries into
the use of different types of kilns utilizing solar energy as
a source of heat for drying wood. For timber seasoning in
a tropical developing country solar drying methods will
be able to compete with air-drying on an economic basis,
with kiln drying on time basis, if used correctly.

Although solar drying kilns have been built and tested in
different countries (Australia, India, Philippines, U.S.A.
and Britain etc.) no uniform design has yet been
developed. The principle of a solar timber drying kiln is as
follows:

1. Green timber is stacked as if prepared for air-sea-
soning.

2. A structure is built around the stack and completely
covered with glass {like a green house) or surrounded
with a polythene envelope.

3. The roof of the structure is inclined at an optimum
angle (which should be equal to the iatitude on the
earth’s surface, with the south wall of the structure
being shorter if the location is in the Northern Hemis-
phere and vice versa).

4. A simple solar heat-absorber (from black painted cor-
rugated metal) is placed 150-200 mm below the roof
inside the kiln. These absorbers collect the incident
solar energy.

5. An internal baffle regulates air movement within the
kilin, with simple vents acting as inlets and exhausts. In
addition an electric fan (from an outside power supply)
can effect movement of air and the water vapour given
off from the wood. Most of the air inside the kiln is re-
circulated (from Appropriate Technology Vol. 6, No. 1:
“A Solar Dryer for Timber”, A. D. K. Hardie, see Fig.
215).

The results so far achieved with solar drying are very
satisfactory:

— Drying to a 12 % moisture content takes two to three
times as long as in a conventional kiln and is about
twice and thrice as fast as air drying;

— The quality of drying in solar kilns is high, because (a)
the general rate of drying is slower compared to
conventional kilns; (b) the daily variations in tempera-
ture are higher but in humidity lower, resulting in a
less rapid drying.

The Department of Forestry, Commonwealth Forestry
Institute, University of Oxford, supplies a building kit for
the construction of the “Oxford Solar Timber Drying
Kiln”, which has been successfully tested. The costs of
one of such kiln works out to be a tenth of the cost of a
prefabricated conventional kiln of the same capacity (5.7
to 7.1 m® of sawn timber).
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seccescc«)FRESH AIR MOVEMENT INTO KILN, HEATING UP AND
EXIT THROUGH EXHAUST VENT

Fic.215: SCHEMATICAL DETAIL OF THE OXFORD

SOLAR HEATED KILN -FROM:"A SOLARHEATED
ORYER “BY ADK HARDIE “APPROPRIATE TECHNOLOGY"
VOL.6 . N°1, MAY 1979 .

4.5 PRESERVATION AND PROTECTION OF TIMBER

There are a number of Westafrican timbers which have a
natural durability and are also resistant to fungi, termites
and borers. These timbers are normailly listed in class | of
the commercial timbers, which are used primarily for
export. Most of the other timber species which are
suitable for construction need one or another form of
protection against the following:

— Wood-destroying fungi;

— Wood-destroying insects;

— Weathering;

Dirt, dust, chemical pollution (in the air);
Fire.

This protection can be achieved through preservative
treatment with chemicals, a protective media (in form of
varnishes or paints) and through appropriate construc-
tion details (which will help to keep off the causes of
harm).

4.5.1 PROTECTION AGAINST INSECTS, TERMITES AND
FUNGI

INSECTS: Wood is attacked by pinhole borers
(Ambrosia Beetle) in both heartwood and sapwood of the
log, later by Powder Post Beetles (in the sapwood only)
during and after seasoning (Fig. 216).

TERMITES: There are two types of termites which cause
damages to wood, the subterranean or soil termites
(Macrotermes sp., Cubitermes sp. and Microtermes sp.),
which live in the soil and find their way into buildings in
their search for food (Fig. 217 to 219) and the drywood
termites (Kalothermitidae), which live inside wood. Dry-
wood termites tend to concentrate on coastal regions,
soil termites are widespread throughout the tropics.



Fig. 216: Wood attacked by pinhole borers. Fig. 219: A CUBITERMES SP. mount, Kumasi, 1981.

FUNGI: These are a low form of plants which digest the
wood on which they grow. In order to grow they need
temperatures of 5 to 30°C, an adequate supply of
oxygen and a moisture content in their environment of
over 20 %.

Protection against insects, termites and fungi is nor-
mally achieved through application of preservatives
by:

Brushing or spraying,
Dipping,

Hot and cold stepping,
Pressure impregnation,
Diffusion impregnation.

PRESERVATIVES:
Fig. 217: Runways of subterranean ants on a house wall in  There are certain requirements which good preservatives
Kumasi. must fulfil; they should be:

|

Toxic to fungi, insects and termites, but not to humans
or animals;

Permanent after application with no leaching out;
Not corrosive to metals;

Capable of accepting subsequent painting;
Colourless and odourless;

Safe to handie and easy to apply.

Fig. 218: An ant mount of MACROTERMES SP. Accra, 1981.

Three types of preservatives are available:

(a) Tar Oils:

The well-known preservative of this type is Coaltar
Creosote. Tar oils are very resistant to leaching. They
help to prevent checking and splitting, and thus assist
in preventing the ingress of fungal spores into the
timber. They are also not corrosive to metals. Their
disadvantage is that they are difficult to paint over.
Timber treated with tar oils is normally used for
structural timber or for unseen timber components.
Coaltar oils are a bulky product to import and there-
fore expensive.

(b} Organic solvent type Preservatives:

These preservatives are soluable in organic solvents.
They are:

Chlorinated Naphtalenes

Metallic Naphtalenes
Pentachlorophenol

Organic deratives of Pentachiorophenol

These chemicals are left in the wood when the volatile
solvent evaporates. They are suitable for exterior and
interior use, because they are resistant to leaching.
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They can be painted over, do not stain and are non-
corrosive to metals. A better wood penetration is
achieved with these chemicals compared to others,
so that they can be applied by spraying, brushing or
dipping. They are, however, expensive.

(c) Water-borne type of Preservatives:

These are salts of such elements as copper,
chromium, arsenic, zinc, mercury, sodium and potas-
sium which are dissolved in water to give a toxic
solution free from deposit:

— Copper/Chrome

— Copper/Chrome/Arsenate

— Sodium Pentachlorophenate

— Mercuric Oxide, Magnesium Fluorsilicate, Copper
Sulphate, Sodium Fluoride.

The most important advantage of these preservatives
is that they can be imported in solid form and added to
water as required. They are usually odourless and can
be painted over after drying. For some of the prepara-
tions leaching out may occur when the timber
becomes wet.

METHODS OF APPLICATION:

1. Brushing or Spraying: This is a non-pressure method
of application which should be used only on well-sea-
soned timber. Penetration is poor, usually only about 1 to
2 mm deep. It is generally used to treat timbers in-situ.
The preservative should be applied liberally and well
brushed into cracks and checks.

2. Dipping: This method is more effective than brushing
since there is certainty that the preservative reaches all
surfaces of members which have been cut to shape prior
to the treatment. The longer the dipping period, the
deeper the penetration of the preservative. There is,
however, little penetration of some of the more resistant
heartwoods. But this does not really matter in construc-
tion where species are used which normally have a very
durable heartwood and dipping gives sufficient protec-
tion to the sapwood. If Creosote is used as preservative,
better penetration is achieved by heating it.

3. Hot and cold Stepping: This opentanktreatment gives
good protection to permeable timbers but should not be
used for timbers resistant to penetration, for which
pressure treatment is required. In this treatment the
timber is submerged in a tank of preservative and heated
for several hours and allowed to cool when the preserva-
tive is absorbed to replace the expelled air and mois-
ture.

4. Pressure Impregnation: This is probably the best and
most effective method of preservative application. It is a
combined use of vacuum, pressure and heat to gain
complete penetration of permeable and some penetra-
tion of resistant timbers. Either Creosote or water-borne
preservatives are normally used. Best results are
obtained if the moisture content of the timber which is to
be treated is about 15 %

5. Diffusion Impregnation: This is a comparatively new
method of treatment, recommended for use where
pressure impregnation has failed to achieve satisfactory
results. As preservatives diffusible salts are used, e.g.
Boric Acid (Borax). The cut timber is treated in the green
condition {with a moisture content of 60 %). It is either
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dipped or soaked in the preservative, then closely stacked
and covered with water-proof sheeting to prevent it from
drying out. The timber is feft for so long until the salts
have diffused through the timber. It is then seasoned in
the normal way. Full impregnation of a 25 mm thick piece
will take about 3 weeks, of a 50 mm thick piece from 6 to 8
weeks, of a 100 mm thick piece up to 12 weeks.

4.5.2 FIRE PROTECTION

Fire-retarding methods can be achieved through pre-
servative treatment with Boric Acid {Borax) at the same
time when the timber is treated against insects, termites
and fungi. In addition Monammonium Phosphate and
Diammonium Phosphate applied through complete
impregnation or for timber sections thicker than 45 mm
through pressure treatment give sufficient fire protec-
tion.

4.5.3 WEATHERING PROTECTION

Two methods are used to retard weathering:

1. By the provision of a mechanical barrier on the surface
of the timber, such as paint or varnish. Paint, however,
conceals the natural beauty of timbers, especially West-
african timbers. The painted surface has, moreover, to be
regularly maintained to ensure that the mechanical bar-
rier is not broken. Already minor breaks and imperfec-
tions in the paint film, which are difficult to detect can
increase the likelihood of decay by trapping moisture
under the surface, thus encouraging the growth of
fungi.

2. By the use of chemical preservatives which increase
the toxic properties of timber. These “natural” finishes do
not form a mechanical barrier on the surface, but permit
the timber to “breathe”. Application of the colourless
preservatives is by spraying, brushing or dipping. Natural
finishes are scarcely used in Ghana.

Odum (Chlorophora Excelsa) weathers well and does not
require paint or varnish for protection. Odum windows
and doors in the University of Ghana buildings at Legon
near Accra have been brushed with 2 coats of a solution
of 15-20 % Zinc Nephtenate in white spirit before fixing,
when the University was built in 1954. These windows
and doors have over the years taken on a pleasant silver-
grey patina where they are in exposed positions. They
have never been re-painted or maintained and are as
sound as when they were fitted (Fig. 220).

4.5.4 PROTECTION BY DESIGN:

Selection of the right timber species with inherent prop-
erties which are appropriate to the purpose for which the
timbers are to be used is one way of protection; anotheris
treatment, as already discussed in the foregoing section.
To protect by design is probably the most effective
measure, together with selection and treatment, the latter
to reinforce each other so that collectively they provide an
effective and economic solution.

Protection by design should start at the beginning of the
design process, to find out what effect the environment,
shape and details of a building have in either denying or
providing protection to its component parts.



Fig. 220: Odum doors at the University of Ghana, Legon, 1981.

[0 )

1a
1b
1c
2a
2b

FlG.

1 2

STEEP ROOF WITH LARGE OVERHANG, NORMALLY WITH RAIN-
WATER GUTTERS,GUARANTEED FRICTIONLESS EVACUATION OF
WATER IN THE TRADITIONAL BUILDING.

CANTILEVERED FLOORS PROTECTED FACADE BELOW.

RAISED GROUND FLOOR PREVENTED PENETRATION OF MOI-
STURE FROM SPLASHINDG WATER.

FLAT ROOF WITHOUT OVERHANG OF MODERN STRUCTURES EX-

POSES COMPLETE FACADE TO WATER.

INADEQUATE AND UNPROTECTED WINDOW FRAMES ADMIT
RAINWATER.

221 CRITICAL POINTS OF A BUILDING FACADE
AND MEASURES OF PROTECTION

The critical points of a building as regards exposure to the
elements are shown in Fig. 221, they are:

— Eaves: A large overhang of the roof is an important

example of protection by design. Man, the builder, has
made use of this from time immemoral to protect the
walls of his shelter. The design of centuries old timber
buildings throughout the world shows this {Fig. 222).
These buildings, of which the framework is filled with
wattle and daub or brickwork are witnesses to the
knowledge and consideration of how to protect build-
ings. It is regrettable that in so-called modern designs
these protective measures are largely abandoned,
resulting in windows, doors and base of the buildings
being fully exposed to the elements,

Windows, Doors: In tropical countries shade-giving
cantilevers can be provided above window and door
openings, which serve at the same time as protection
againstrain. In addition flashings and throated framing
sections safeguard against water getting in by capillary
action.

Ground Level: The plynth of a building should be
protected against splashing water (normally to a
height of 400 mm). A solid apron laid to fall around the
building will ensure rapid drain-off of rainwater falling
from the roof (if no gutter has been provided} and
cantilevered sections. A permanent timber structure
should be completely isolated from the ground.

Examples of protective measures by design will be
explained in “Construction Methods”.

1 TYPICAL CRAFTSMAN'S
MEASURES FOR PROTEC-
TION OF WOOD IN TRAD!-
TIONAL HALF-TIMBERED
STRUCTURES IN EURDOPE.

2 “MODERN“DESIGN WHICH
DOES NOT PROTECT THE
BUILDING AGAINST THE
EFFECTS OF MOISTURE
PENETRATION.

3 PROPOSED SOLUTION IN-
CORPORATING PROTECTION
BY DESIGN OF THE CRITI-
CAL POINTS OF A BUIL-
BING.

2c
3a
3b
3¢
3d

VERTICAL FLOW-OFF OF WATER FROM FACADE AND WATER
SPLASHES AT GROUND LEVEL INCREASE DANGER OF MOISTURE
ENTERING THE BUILDING.

LARGE OVERHANG OF PITCHED ROOF PROTECTS ELEVATION.

CANTILEVERED SUNSHADING PROTECT WINDOW AND DOOR
OPENINGS AT THE SAME TIME FROM RAINWATER.

IN ADDITION WELL SHAPED AND THROATED WINDOW SILLS
RETARD ENTRY GF WATER BY CAPILLARY ACTION.

RAISED GROUND FLOOR AND DRAIN-OFF APRON AROUNRD BUIL-
DING PREVENT PENETRATION OF MOISTURE.
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4.6 PREFABRICATED TIMBER HOUSES

For the development of an appropriate technology
needed in a tropical developing country for the produc-
tion of prefabricated wooden houses the following condi-
tions have to be taken into account:

— Abundance of unskilled labour;

— Availability of simple machines;

Scarcity of capital because of the absence of appropri-

ate financial insitutions for long-term financing;

— National Building Regulations which do not emphasize
function as well as standardization and do not include
prefabricated housing;

— Governmental planning bodies that do not recognize
the economic importance of the local building
industry;

— General lack of processing industries for improving
local building materials;

— Prejudiced attitudes towards prefabricated buildings
(the prevalent belief is that the standard of a prefabri-
cated building is lower than that of a traditional
building);

— Absence of performance specifications which indicate
the physical requirements that would be in harmony
with the local cultural and sociological patterns.

After careful consideration of the foregoing (there may be
other conditions peculiar to some developing countries
which have not been listed here) a choice of methods of
prefabrication will have to be made.

4.6.1 PRE-CUT METHOD OF PREFABRICATION

This is the prefabrication of small-size and linear “one-
dimensional” components: posts, beams, plates, panels
etc., which can be made by artisans at workshops or in
small factories with simple machines. This method of
pre-cutting off-site and assembling on the site offers
greater accuracy of measurement and precision in fit than
cutting timber to size and fitting it in-situ. Moreover a
considerable saving of raw material is experienced com-
pared to cutting on the job. Pre-cutting allows pre-selec-
tion of species and grades of timber for each specific
structural use. The prefabricated elements are easier and
cheaper to transport. They are light enough to be handied
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Fig. 222: 16th century half-timbered
houses in Uslar, Lower

Saxony, Westgermany,
1978.

by two but not more than four workers and can be
assembled with simple machinery such as pulleys or
non-mechanized cranes.

Maximum economy in the cost and time of erection can
be achieved if other components such as windows,
doors, built-in fittings, etc. together with the specified
ironmongery and hardware can also be pre-assem-
bled.

4.6.2 MODULAR PANEL SYSTEM

This involves in-plant production of modular panels for
floors, ceilings, walls and roof trusses to a developed
module “M” as a unit of measure (Fig. 223). Panel sizes
are normally 8-0" x 4’-0" (metric: 2,44 m x 1,22 m) in
places where this system has been adopted.

In Ghana “African Timber and Plywood Ltd.” (ATP} at
Samreboi has produced the ATP-System Building based
on a module of 8'-0" x 3'-4” (Metric: 2,44 m x 1,02 m)
for many years now. Since a few years, however, follow-
ing the decline of the economy production has ceased. In
Nigeria and other African countries prefabricated panels
are produced to a modular system.

A modutar panel system ensures maximum possible
flexibility in architectural designs. Production can be
undertaken by semi-skilled workers under supervision in
the plants manufacturing the panels. Handling of the
panels, transportation and assembly on the site can be
done manually and does not require mechanization. If a
large market for different house types has been estab-
lished, modular panels can be stocked for prompt sale
and delivery. Investment needed for the production of
modular panels is not much more than that required for
the setting up of workshops or small plants producing
pre-cut timber building components.

Certain problems arising from the presence of numerous
joints when assembling the panels can be solved by
special weather-proofing on the site. The additional
labour costs (also for fitting the plumbing and electrical
installation on the site) are much lower in developing
countries compared to the developed countries where



1 CORRUGATED OR FLAT ROOF-~
ING SHEETS ON PURLINS

2 NAILED ROOF TRUSSES
3 MODULAR-SIZE WALL PANELS

MODULAR PANEL SYSTEM

FIG. 223

L LARGE-SIZE WALL PANELS

5 MODULAR SIZE FLOCR PANELS
ON JOISTS OR CONCRETE SLAB

FiG6,224 LARGE - SIZE PANEL
SYSTEM

6 LARGE-SIZE FLOOR PANELS

7 FOUNDATION { SOLID OR POST
AND BEAM )

the ultimate aim of prefabrication of building compo-
nents is to cut down in labour costs. This has led to the
development of the next system.

4.6.3 LARGE-SIZE PANEL SYSTEM

This is a modular panel system based on higher multiples
of the same module “M” (Fig. 224) producing complete
wall and floor units etc. Because of certain disadvantages
this system has limited suitability for developing coun-
tries:

— The great weight of the larger panels increases trans-
portation costs;

— Heavy moving and lifting machinery is required in the
factory and on the site for assembly;

— Production requires larger plants and more skilled
manpower.

In many industrialized countries (especially in the U.S.A.)
complete 3-dimensional modular construction units
(“ready-built houses” which are delivered more or less
complete to any prepared site) and a folding type of 3-
dimensional modular construction systems (complete
factory fabrication, easier transportation and handling
with erection and fitting on the site) have become very
popular. This “Volume Element System” allows the pros-
pective buyer to see at the factory what his chosen home
will look like before he decides on which type to buy.
3-dimensional modular construction units require full
rationalization, mechanization and a rather sophisticated

technology. The present economic situation in most
developing countries does not encourage the use of such
systems of prefabrication.

Since a considerable number of large sawmills are
operating in timber-exporting tropical developing coun-
tries the prefabrication of components, modular panels
and larger-size panels should not be difficult. In these
countries moreover a large number of smaller sawmilis,
carpentry and joinery workshops operate to satisfy the
local demand for timber elements and furniture. With the
incorporation of standards, sizes of prefabricated compo-
nents and structural systems based on modular co-
ordination into the local building regulations (subject to
regular assessment and review as conditions change) a
control of quality of the produced elements is ensured.
This could lead to a large output of low-cost building
components, if these components can be mass-pro-
duced. The houses can be erected cheaply by self-help or
co-operative methods without specialized training. The
quality of the end product would depend rather less on
skilled and first-class workmanship on the site, but more
on the production process in the factory or workshop
where the components are built. The designer can test his
abilities in designing systems which correspond with the
different climatic and geographical zones and which fulfil
the user’'s requirements.
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4.7 WOOD AND WOOD BASED MATERIALS USED IN
BUILDING

Wood products used in construction can be classified in
two groups:

1. Structural Timber: These are timber elements which
form part of the structural system of the building. They
are for the load bearing wall frames, floor systems,
columns, beams and roof trusses (planks and studs from
lumber, laminated and box beams, certain grades of
plywood).

2. Non-Structural Timber: These are timber elements
which are non-load bearing, they are used for internal
walls and partitions, windows, doors and finishes
(boards, plywood, blockboard, particle-board, woodwool
slabs etc.).

4.7.1 PLYWOOD

Plywood is a glued wood panel made up of relatively thin
layers (veneers or plies) with the adjacent layer at 90°
(Fig. 225 to 227) which improves the strength properties
and minimizes the movement in the plane of the board.
The number of plies is always uneven (3-ply, 5-ply and
above muitiply). The veneers (or plies) are normally
rotary cut (peeled) for constructional plywood (Fig. 228)
or sliced, usually for face veneers in decorative ply-
woods.

Because of its cross bonding plywood has structural
properties which make it suitable for structures where its
high panel shear values combined with flexural rigidity
and light weight can be fully exploited, e.g. in the con-
struction of plywood beams {I- and box-beams), folded
plate roofs of considerable spans and stressed skin struc-
tures generaliy.

Plywood is manufactured in two types: “Exterior” type
with nearly 100 per cent waterproof glueline and
“Interior” type with a highly water resistant glueline.
Veneers used for the exterior type are of higher grade
than those used in the interior type.

Plywood beams are built-up-members consisting of one
or more vertical plywood webs to which timber flanges
are attached along the top and bottom edge (Fig. 229).
They may be assembled with nails, bolts, screws or
glued, or with a combination of these fastenings. Glued
construction is the most efficient, but needs careful
control during assembly and lends itself to prefabrication
off-site rather than in-situ construction.

The use of plywood beams has advantages:

— Economic use of material (high allowable shear stress
of plywood permits the use of relatively thin webs);

— High-strength material can be placed at points of
greatest stress;

— Flanges may be comparatively thin members, which
are readily available and easily seasoned;

— Since only dry wood is used, strength and stiffness are
increased and shrinkage minimized;

— Members may be built to a variety of shapes;

— Plywood beams are light; transport and erection are
easy {plywood beams are about half the weight of solid
timber beams);

— Ceiling and floor materials can be readily attached.
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Fig. 226 and 227: Production of plywood in a Kumasi sawmill,
1981.

KNIEE

Fic.228 PEELED OR ROTARY CUT AND SLICED

VENEER -SCHEMATICAL DRAWING,PRODUCTION PRO-
CESS INVOLVES SPECIFIC MACHINES.



TYPICAL BEAM DESIGNS. BEAM DEPTHS VARY,
THEY MAY RANGE FROM 1,5 T0 7712 OF THE SPAN.
RATIOS OF UP TO 1722 HAVE BEEN SUCCESSFULLY
USED .

1 2 3 4

1 SINGLE PLYWOOD WEB BEAM

2 PLYWOOD BOX BEAM

3 PLYWOOD BOX BEAM WITH TIMBER STIFFENER {a) AND SPLICES
{b) . STIFFENERS SHOULD BE PLACED AT SUPPORTS OF BEAM AND
AT POINTS OF CONCENTRATED LOADING TOREINFORCE THE WEB
AGAINST BUCKLING.(d) OF FLANGE SHOULD BE EQUAL TO &t
IN A GLUED BEAM AND LARGER THAN &t IN A NAILED BEAM.

4 3-WEB BOXBEAM WITH LAMINATED FLANGES

Fi6.229 PLYWOOD BEAMS

4.7.2 GLUE-LAMINANTED TIMBER

Glue-laminated timber refers to two or more layers of
wood glued together with the grain of all layers more or
less parallel. Laminated wood is widely used for struc-
tural purposes in building construction {(roof and floor
structures).

4.7.3 FRAMED WALL SYSTEMS

Framework (of external walls) which is load bearing,
consists of 50 x 100 mm timber members used as sill, sole
and head plates, as studs and partial studs. The spacing
of the studs depends on the type of covering material
used, it is usually 600 mm from centre to centre of the
studs (see “Construction Methods”).

Floor System:

The floor system is made up of wooden joists which can
vary in size from 50 mm x 150 mm to 50 x 225 mm for
domestic structures. The timber used for floor joists must
be high grade and durable. Spacing of the joists normally
follows the framed wall system and depends also on the
floor finishing material used (flat boards, plywood or
particle board).

Roof Systems:

For timber framework construction the trussed rafter
system is normally used. The rafter and purlin system
requires load-bearing walls between the sidewalls of the
building. The trussed rafter system lends itself to off-site
assembly. It is ideal for the pitched roof type. The trusses

are fabricated either with metal truss plates, plywood
gussets, spiked or ring metal connectors (see “Fixing of
Structural Timber”). Trusses used for timber houses
(spanning up to 10 m or more) are 75 mm thick (weighing
approximately 80 kg) and can be handled, transported
and erected easily without lifting gear.

Interior Finish and Millwork:

These consist of window and door frames, window and
door trim, windows and doors, mouldings, skirtings,
built-in fittings, manufactured from lumber or wood
panel materials from seconary timber species.

4.7.4 TIMBER POLE STRUCTURES

Pole-type structures, if correctly designed, can make use
of the fact that a tree or log is naturally “pre-stressed”
during growth in a way which is comparable with the
prestressing of reinforced concrete, so that it has high
resistance to bending. In a timber pole, defects, such as
knots and sloping grain have much less effect than in
sawn timber. Round timbers have the advantage of low
cost, simplicity of construction and rigidity of structural
form.

In Papua New Guinea, for example, round timber poles
have been used since the earliest settlements thousands
of years ago. Timber poles are still a widely used building
material today, one of the most important elements in
house construction. The Forest Products Research Centre

CORRUGATED GALVA-
NISED ROOFING SHEETS
FIXED TO 75 mmDIAM,
POLE PURLINS AT 1:2m
CTRS. PURLINS ARE
FIXED TO 100mmDIAM.
TOP PLATE WITH GAL-
VANISED HOOP IRONS,
AS SHOWN INDETAIL
POINT 1

WOVEN BAMBOO MATS
ON WALLS

FIXED LOUVRE WIN-
pow

L0x20mm FIXING BAT-
. TEN TOBAMBOO MATS
100x 25mm FLOQR
BOARDING FIXED T0
100x 50 mm JOISTS
AT 600mm CTRS.

+— 100mmDIAM.FLOOR
BEARER BOLTED T0
100 mmDIAM. COLUMN
AS SHOWN EN DETAIL

zg )

POINT 2
| ————+—COLUMMN CAST INTO
| CONCRETE FOOTING

TO A DEPTH OF ABOUT

Eﬁ ;éé | 1-0m
1

F16.230 PART SECTION THROUGH A STANDARD RU-
RAL HEALTH CENTRE FOR PAPUA NEW GUINEA

{ FROM :"POLE BUILDINGS IN PAPUA NEW GUINEA " BY
P.LATTEY ,DEPT OF FORESTS ,PAPUA NEW GUINEA ).
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in Boroko, Papua New Guinea, has successfully tried to
improve ‘and develop construction techniques using
timber poles and published resuits of these efforts in a
review of the work (“Pole Buildings in Papua New
Guinea”, Department of Forests, Forest Products
Research Centre, Boroka, Papua New Guinea), of which
part of a section through a standard rural health centre is
shown in Fig. 230 {with the kind permission of the Forest
Products Research Centre of Papua New Guinea).

In Ghana, the Forest Products Research Institute at U.S.T.,
Kumasi, has for several years successfully grown Cari-
bean Pine trees in its nursery at Mesewam {near Kumasi).
Experiments have shown that these pine trees grow well
in the transitional forest zone of Ghana and that they
grow to appreciable size (Fig. 231 and 232). If cultivated
on a large scale they could be used for low cost house
building in conjunction with other timber and wood
based materials. Round poles can be seasoned and
preservative treated as any other timber.
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Fig. 231 and 232: Caribean pine trees at the Forest Products
Research Institute nursery in Mesewam, near
Kumasi, 1981.

Fig. 233: 16th Century square
panelied timber frame-
work in Einbeck, Lower
Saxony, Westger-
many, 1978.



L.8 DEVELOPMENT OF TIMBER FRAME CONSTRUCTION

L.8.1 HISTORICAL DEVELOPMENT :

The history of development of wood as building material
spans the history of man’s own development, going back
thousands of years into pre-historic times.

Three elements influenced the development of true
timber structure:

~ The tools for cutting and shaping;

— The methods of connecting and joining cut pieces;

— The concepts of structural forms for the enclosure of
space (or for other purposes such as bridging space).

The flints and stone axes were inventions of the Stone
Age which for the first time provided the physical means

of separating wood fibres longitudinally and trans-
versely. With the Bronze and Iron Age came an improve-
ment of the cutting tools and craftsmanship. Man learned
to harness natural forces. Simple engines were invented
to drive the cutting edge. This in turn led to cutting and
fixing of larger components of structural timber and
timber framework. In all forested areas of the world,
including most of Europe, America, the tropical forest
areas of Africa and Southamerica, timber was primarily
and often the only structural material for small houses
used from the Stone Age to the 18th century. In North-
america, the Scandinavian countries, Britain and Japan it
remains today one of the most important domestic struc-
tural materials (Fig. 233).

[.CIRCULAR HUT :
MATERIALS USED : BRANCHES,SPLIT STAKES.

JOINTS : TIED ATAPEX WITH BARK STRIPS,CREE-
PERS OR FLEXIBLE TWIGS . FEET STUCK INTO
THE GROUND.

TOOLS : CRUDE STONE IMPLEMENTS FOR TRIM-
MING TREE BRANCHES TO LENGTH .

NO DISTINCTION BETWEEN ROOF AND WALL FRA-
MEWORK . IN SOME AREAS A DOME- LIKE VER -
SION OF THE CIRCULAR KUT WAS DEVELOPED
WITH BRANCHES BENT OVER AT THE TOP,INTER-
LACED AND BOUND TOGETHER .

II.LELONGATED RIDGE POLE HUT :
MATERIALS USED : MORE OR LESS THE SAME AS USED FOR THE CIRCULAR HUT AND IN
ADDITION SMALL LOGS AND BUSH POLES , WITH FORKED TOP ENDS .
JOINTS ; TIED WITH BARK STRIPS, FLEXIBLE TWIGS AND CREEPERS.
TOOLS : STONE IMPLEMENTS ,FLINTS AND STONE AXES.

POSTS WERE ADDED LATER AT GABLE ENDS.THE STRUCTURE WAS STABLE IN ITSELF.
NO DISTINCTION BETWEEN ROOF AND WALL FRAMEWORK . FEET OF POLES AND POSTS
WERE BURIED IN THE GROUND. LATER ON A SIMPLE PURLIN ROOF WAS DEVELOPED
FROM THIS STRUCTURE WITH PARTIAL SEPARATION OF ROOF AND WALLS.

II1. CRUCK FRAME STRUCTURE :
MATERIALS USED : HALVED TRUNKS OF NA-
TURALLY BENT TREES .

JOIRTS : HALF-LAPPED AND PEGGED OR CROSS-
ED AND PEGGED AT TOP.AT BOTTOM RESTING

ON GROUND, LATER ON STONE PADS OR SIMP-
LE DWARF WALLS.

TOOLS : IRON SAWS, AXES, ADZES AND AU-
GERS .
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L B ] IV. CRUCK FRAME WITH RAFTER ROOF SUPPORTED ON
T TIE BEAM AND POST :

MATERIALS USED : HALVED TRUNKS OF XATURALLY BENT TREES AND
ROUGHLY SQUARED MEMBERS.

JOINTS: HALVED AND PINNED OR MORTISED AND TENONED, ORBIRD'S
MOUTHED RAFTERS.

TOOLS : IRON SAWS , AXES, ADZES, AUGERS .

FOR THE FIRST TIME THERE WAS A COMPLETE SEPARATION OF ROOF
AND WALLS IN THIS STRUCTURE .

1 PEGGED { PINNED) JOINT
2 TIE BEAM
3 CRUCK

GROOVE AND TENON

}

_ ROUND SCARVING OR SADDLE
~ NOTCH JOINTS

-+ 150010 LOG WALL
2 STONE FOUNDATION

V.LOG CABIN CONSTRUCTION
MATERIALS USED : STRAIGHT TRIMMED LOGS , LATER SQUARED MEM-
BERS . THIS IS THE EARLIEST WAY OF CONSTRUCTION USING A STONE
JOINTS - ROUND SCARVING OR SADDLE NOTCH JOINTS BETWEEN FOUNDATION .
WALL JUNCTIONS AT CORNERS . GRODVE AND TENON JOINT BET -
WEEN WALL AND WINDOW AND DOOR OPENINGS .

TOOLS : IRON ADZE ,1RON AXE , IRON SAW .

VI

T 0AK STAVES WITH DAUB INFILLING
8 UPRIGHT POSTS WITH VERTICAL CRODYES

AT THIS LEVEL OF GEVELOPMENT OF TIMBER FRAME CONSTRUCTION
WO00D WAS PROPERLY SQUARED FOR THE FIRST TIME. LATER, WITH
THE INVENTION OF WATER - POWERED SAWS TIMBER WAS ALSO
SAWN INTO BOARDS . THE BASIC TYPES OF JOINTS USED WITH SQUA-
RED TIMBER SECTIONS ARE STILL IN USE TODAY: MORTISE AND TE-
NONED JOINT, DOVETAIL JOINT , STEP JOINT ,SCARF JOINT AND
TONGUED AND GROOVED JOINT .

VI.CLOSE-TIMBERED FRAMEWORK :

OAK STAVES FIXED INTO VERTICAL CROOVES OF 250 x 150 mm UP -
RIGHT POSTS .DAUB INFILLING ARDUND STAVES .

VIL.SQUARE -PANELLED FRAMEWORK :
1 BRIDGING PIECE { AVERAGE 150 x 150 mm |
2 WATTLEWORK OF WILLOW WOVEN ARDUND DAK STAVES
3 DAUB INFILLING & PEGS INPLACE 5 250x150mm SILL
6 BRICK NOGGED PANEL

THE FRAMING IS MORTISED AND TENONED TOGETHER AND DRAW-
PINNED ( PEGGED).
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L.8.2 DEVELOPMENTOF JOINTS AND FIXING OF \
STRUCTURAL TIMBER
) 4
3 %

TRADITIONAL JOINTS USED FOR SQUARED ( LATER SAWN) TIMBERS :

1 MORTISE AND TENON JOINT WITH WOCDEN PEG. STILL USED TODAY WITH OTHER MEANS OF FIXING
2 SCARF JOINT.STILL USED TODAY AS HALF- LAP ANGLE JOINT.

3 c06 JOINT.

L SKEW NOTCH JOINT.

CONVENTIONAL FRAMING JOINTS:
5 STUD TO WALL PLATE 7 FLOGR JOIST TO FLOOR JOIST 13 FLOOR JOIST TO WALL PLATE
6 PLATE T0 PLATE [STRAIGHT CONNECTION)

8 TO 12 FLOGR JOIST T0 FLOOR

l JOIST { AT RIGHT ANGLE )

STUD TO WALL PLATE .
STUD TENONED

WALL PLATE MORTISED
STUD STUB-TENONED

I

FLOOR JOIST TO FLOOR JOIST:
SCARFED JOINT

]

FLOOR JOIST TOFLOOR JOIST:
SQUARE HOUSED JOINT FOR
BRIDGING JOISTS

1
10 FLOOR JOIST TO FLOOR JOIST:
BEVELLED HOUSED JOINT
FOR BRIDGING JOISTS
PLATE TO PLATE :
HALF - LAP ANGLE JOINT

FLOOR JOIST TO FLOOR JOIST:
DOVETAILED HOUSED JOINT
FOR BRIDGING JOISTS

FLOOR JOIST TO FLOOR
JOIST :
LEDGER JOINT

FLOOR JOIST 70O WALL PLATE:
HOUSED JOINT
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18 DIFFERENT TYPES
OF FRAMING AN-
CHORS

JOIST HANGERS :
THESE ARE EITHER PRES-
SED FROM SHEET STEEL
OR FORMED FROM 3mm
THICK STEEL PLATE AND
WELDED . THEV ARE GAL-
<4 VANIZED AND HOLED FOR
NAILING . JO1ST HANGERS
ARE USED AS AN ALTER-
NATIVE TO FRAMING AN-
CHORS :

NECTION.

FIXING OF STRUCTURAL TIMBER

THERE ARE TWO WAYS OF FIXING STRUCTURAL TIMBER : BY MECHA-

NICAL MEANS AND WITH ADHESIVES.
MECHARICAL FASTENING AND FIXING DEVICES :

NAILS :  ROUND PLAIN-HEAD WIRE NAILS ,ROUND LGST-HEAD
WIRE NAILS, CLOUT OR SLATE NAILS ,PNEUMATIC
DRIVEN NAILS, TWISTED SHANK NAILS, ANNULAR
RING - SHANKED NAILS .

STAPLES

SCREWS : BOLTS :

Of immuin

% BWCUUNTER-SUNK
HEAD
@ﬂm”“ﬂ HEAD HEXAGONAL AND SQUARE
HEAD BOLTS
]
% @m RAISED COUNTER-
SUNK HEAD

COACH BOLTS WITH CUP,
[N RECESSED HEAD

SOUARE OR ROUND HEAD

L
G:m»mcu SCREW Q (B:l:wmgm
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19 . FOR EASY JOIST CON-

17

16

FRAMING ANCHORS -

THESE ARE USUALLY MADE FROM 1% GAUGE SHEET STEEL AND SHERADIZED FOR PROTEC-
TION AGAINST CORROSION. THEY ARE PIERCED READY FOR NAILING .TYPICAL USES :

14 : JOIST TRIMMING ; 15 : FOR CONNECTING STUDS TO WALL PLATES ;16 : FOR CON-
NECTING RODF TRUSSES TO WALL PLATES ;17 : FOR CONNECTING PURLINS TO RAFTERS .

TIMBER CONNECTORS :

THESE ARE SPECIALLY SHAPED METAL PLATES USED T0 JOIN
TIMBER MEMBERS INFLOORS ,PARTITIONS AND ROOF TRUSSES.
THEY GIVE STRONGER JOINTS ,ALLOW THE USE OF SMALLER
SECTIONS AND SIMPLIFY PREFABRICATION AND ERECTION.

TOOTHED PLATES :

o

|||I|

gm

~—DOUBLE-SIDED

D

SINGLE SIDED——

AN

"”'n'liﬂ 0
d
.lllldl""m“ \

an
THESE ARE ROUND (OR SQUARE ) METAL PLATES WITH TEETH AT
THE EOGE .DOUBLE -SIDED PLATES ,WITH TEETH ON BOTH S!IDES,
ARE USED FOR PERMANENT TIMBER TO TIMBER CONNECTIONS
{ROGF TRUSSES ). SINGLE-SIDED PLATES HAVE TEETH ORK ONE
SIOE ONLY. THEV ARE USED FOR TIMBER TO METAL JOINTS{POR-
TAL FRAMES ) .TOOTHED PLATES ARE FIXED ON A BOLT BETWEEN
BORED TIMBER PIECES WITH SQRUARE WASHERS AT BOTH ENDS.
WHEN NUT AT ONE END (S SCREWED DOWN CONNECTORS ARE EM-
BEDDED WITH TIMBERS .

SPLIT RINGS :

THESE ARE CONNECTORS WHICKH CONSIST OF
STEEL RINGS CUT AT ONE POINT TO FORM A
TONGUED AND GROOVED JOINT .THEY ARE
USED FOR TIMBER 10 TIMBER JOINTS AND
HAVE A HIGHER LOAD BEARING CAPACITY
THAN TOOTHED PLATES .EACH TIMBER MUST
BE GROOVED TO HALF THE DEPTH OF THE RING,
TO HOUSE THE RING.THE TONGUE ALLOWS
THE RING TOEXPAND OR CONTRACT.

SHEAR PLATES :

THESE ARE ROUND STEEL PLATES WITH A FLAN-
GE AT THE OUTER EDGE .THEY ARE USED FOR
TIMBER T0 METAL CONNECTIONS, AND THEY
HAVE ABOUT THE SAME LOAD BEARING CAPA-
CETY AS SPLIT RINGS .

TRUSS PLATES : THESE ARE 16 T0 22 GAUGE GALVAN!ZED

STEEL PLATE CONNECTORS WITH PROTUDING TEETH,USED MAIN -
LY FOR TIMBER 10 TIMBER JOINTS {ROOF TRUSSES) AND ARE

FIXED AT THE FRONT AND BACK OF THE JOINT.



L.8.3 CONVENTIONAL FRAMING METHODS

HEAD BINDER : CONTINUOUS MEMBER LIN-
KING WALL FRAMES AND CARRYING ROOF.

HEAD PLATE : ToP MEMBER OF WALL FRAMES
CARRYING HEAD BINDER AND ROOF.

STUDS : VERTICAL STRUCTURAL MEMBERS OF
WALL FRAME EXTENDING THROUGH TWO STOREYS.

RIBBON : CONTINUOUS MEMBER LET INTO
STUDS AND CARRYING FIRST FLOOR JOISTS.

FIRST FLOOR JOISTS: STRUCTURAL
i FLOOR MEMBERS CARRIED ON RIBBON.GROUND
FLOOR JOISTS CARRIED ON SOLE PLATE.

SOLE PLATE : BOTTOM MEMBER OF WALL
L FRAME .

SILL PLATE : LEVEL BASE PLATE FOR EREC-
THON OF WALL FRAME , ANCHORED TO FOUNDA-
| | TION WALL.

BALLOON FRAME : THIS IS AK EARLY SY-
STEM OF TIMBER FRAME CONSTRUCTION . THE STUDS
IN TWO - STOREY CONSTRUCTION ARE CONTINUOUS
FROM THE GROUND FLOOR SOLE PLATE TO THE EA-
VES WITH INTERMEDIATE FLOOR JOISTS CARRIED
ON A RIBBON LET INTO THE STUDS.THE USE OF
THIS METHOD HAS LAPSED IN FAVOUR OF THE PLAT-
FORM FRAME CONSTRUCTION DESCRIBED BELOW.

BALLOON FRAME METHOD

NOTE : HEADBINDER AND HEAD PLATE ARE
THE SAME AS INTHE BALLOON FRAME .

FIRST FLOOR PLATFORM : with soOLE
PLATE, FILLER PLATE (TO THE THICKNESS OF THE
FLOORING ), HEADER ,HEAD BINDER AND HEAD
PLATE , AND FLOOR JOIST.

FLOORING : CONTINUOUS FLOORING OF FLOOR
SHEATHING (PLYWOOD OR TONGUED AND GROOVED
BOARDING ) FORMS BASE FOR ERECTION OF WALL
FRAMES .

SOLE PLATE (10p}, SILL PLATE (80TTOM)

FILLER PLATE : SAME THICKNESS AS THE
FLOGR FINISH SO THAT FLOOR PLATFORM CAN BE
BUILT BEFORE ERECTION OF SUCCESSIVE WALL
PANELS.

HEADER : FLOOR FRAMING MEMBER FORMING
EDGE OF PLATFORM .

PLATFORM FRAME : AMETHOD OF CON -
STRUCTION WHERE EACH FLOOR EXTENDS TO THE
OUTSIDE EDGES OF THE BUILDING AND PROVIDES
A PLATFORM UPON WHICH THE EXTERIOR WALLS
AND INTERIOR PARTITIONS ARE RAISED IN SINGLE
STOREY HEIGHT UNITS.THIS METHOD OF CON -
STRUCTION 1S MOST WIDELY PRACTICED IN THE

PLATFORM FRAME METHOD U.5.A.,CANADA AND BRITAIN.
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4L.8.3

MODIFIED FRAME METHOD

~

INDEPENDENT FRAME METHOD

144

STUD

PLYWDOD OR METAL
CONNECTING PLATE

METAL ANGLE LEDGER
NOTCHED INTO STUD

FIRST FLOOR JOIST

PART OF ROOF STRUCTURE:
ROOF JOISTS OR NAILED TRUSSES.

———HEAD BINDER :

CONTINUOUS MEMBER LINKING WALL FRA-
ME AND CARRYING ROOF MEMBERS ; NAI-
LED TO HEAD PLATE.

L HEAD PLATE :

T0P MEMBER OF WALL FRAME, NAILED OR
MORTISED AND TENONED TO STUDS.

FIRST FLOOR STUDS.:

VERTICAL STRUCTURAL MEMBERS OF WALL
FRAME OF SINGLE STOREY HEIGHT NAI-
LED OR MORTISED AND TENONED TO SOLE
PLATE.

FIRST FLOOR FLOORING
FIRST FLOOR SOLE PLATE
HEAD PLATE

FIRST FLOOR JOISTS:
STRUCTURAL FLOOR MEMBERS CARRIED
ON SOLE PLATE OF UPPER WALL FRAME ;
NAILED TO SIDES OF STUDS.

GROUND FLOOR FLOORING
GROUND FLOOR JOISTS

SOLE PLATE:

BOTTOM MEMBER OF WALL FRAMES, NAI-
LED TO SILL PLATE AT GROUND FLOOR AKD
TO HEAD PLATE AT FIRST FLOOR LEVEL.

SILL PLATE :

LEVEL BASE PLATE FOR ERECTION OF WALL-
FRAME ; ANCHORED TO FOUNDATION.

MODIFIED FRAME :

THIS tS AFRAMING METHOD WITH WALL
FRAMES OF SINGLE STOREY HEIGHT . THE
FLOOR JOISTS ARE FIXED TO SIDES OF STUDS.
RIGIDITY IS ACHIEVED THROUGH THE JOIST-
TO-STUDFIXING AT FLOOR / WALL JUNCTION,
ROOF STRUCTURE AND COVERING CAN BE
COMPLETED IN THE EARLY STAGES OF THE
WORK SINCE THE WALL FRAMING CAN BE
ERECTED INDEPENDENT OF FLOOR CONSTRUC-
TIOK.

INDEPENDENT FRAME :

FIRST FLOOR CONSTRUCTION IS"INDEPEN -
DENT" OF THE CONSTRUCTION OF THE EXTER-
NAL WALL FRAME.THE STRUCTURAL MEM-
BERS OF THE FLOOR ABUT THE FACE OF THE
WALL AND DO NOT ENTER THE WALL STRUC-
TURE AS IS THE CASE IN THE BALLOON,
MODIFIED AND PLATFORM FRAMING ME-
THODS.

THE BALLDON ,PLATFORM, MODIFIED AND INDE -
PENDENT FRAMING METHODS HAVE BEEN ADAP-
TED FROM "TIMBER FRAME HOUSING -DESIGN
GUIOE “{ TIMBER RESEARCH AND DEVELOPMENT
ASSOCIATION , TRADA, HIGH WYCOMBE, ENG-
LAND }.



L.9 CONSTRUCTION METHODS

Timber frame construction is a structural system in which
all live, dead and wind loads are carried by elements
fabricated from timber. Sheathing, boarding, cladding or
lining provide rigidity and structural stability. The struc-
tural systems employed in timber frame methods of
building construction can be classified in four basic
groups:

— Stud frame construction;

— Post and beam construction;

— Portal frame construction;

— Membrane construction.

1. STUD FRAME CONSTRUCTION

This construction system has been detailed and
described on the preceding pages under 4.8.3 Conven-
tional Framing Methods. It consists of wall elements built
up of a series of vertical members (or studs) of relatively
small size {(normally 100 to 125 x 50 mm) spaced from 400
to 600 mm apart and framed with horizontal head and
sole plates to form structural wall panels of convenient
size. The stud framed walis carry the floors and roof.
Windows and doors are framed within wall units. Stud
framed wall panels can easily be prefabricated.

2. POST AND BEAM CONSTRUCTION

The basic structural grid consists of solid timber beams
(laminated timber or plywood box construction) sup-
ported on posts spaced widely apart {(normally between
1.25 m and 3.50 m in domestic buildings). The posts are
individual timber columns or built-up columns. Floor and
roof elements of joisted, plank or panelled construction
span between the beams. Roof construction can be nailed

trusses with purlins and corrugated sheeting. Non-load
bearing infill panels form wall and window units between
the columns.

3. PORTAL FRAME CONSTRUCTION

This was developed primarily for clear-span industrial
and storage buildings. The portal frame system has,
however, been used for domestic structures of two, three
and four storeys in height. It consists of rigid portal
frames of solid, laminated or plywood construction
spaced from 2.50 m to 4.50 m or more apart. These
support joisted floor or roof elements, with non-load-
bearing wall infill panels of stud frame construction.

4. MEMBRANE CONSTRUCTION

In this system the structural elements of walls, floors and
roofs take the form of stressed skin panels of composite
construction using outer skins of plywood with light-
weight timber framing and bonded core of insuiating
material. The stressed skin components give structural
rigidity to the building. This system is being used for large
pre-finished building compartment units.

The different parts of a timber house below, constructed
in the platform framing method show the details of
construction which will be explained on the following
pages. Window and door details will form part of section
5 “Construction”, as well as roof finishes.

ROOFING

£9.2

CLADDING AND
LINING
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4.9.1

Atimber frame house is noted for its lightness, resilience,
strength and rigidity. It is, however, essential to provide
adequate and properly installed foundations. Atthe same
time termite and decay protection is necessary at the
level of possible contact with and closeness to the
ground.

It is absolutely essential that the bottom plate of the
timber framing should be set dead level. The foundations
and foundation walls must be true and square. The
footing of the foundation must be taken down to load
bearing soil. As a rough rule the following can be
adopted: The footing should be twice as wide as the
width of the foundation wall, its depth equal to the
thickness of the foundation wall. The basic types of
foundations suitable for timber houses are shown in Fig.
234. Details shown are based on the platform framing
method.

[ S0L1D FLOGR [~ S0l FLO0R
6L 6L
[
FIG.234 : i W,

FOUNDATIONS ,TERMITE AND DECAY PROTECTION

Foundation walls may be of brick,stone, block or poured
concrete. The exterior of foundation walls should, in
damp conditions, be plastered with minimum 12 mm
thick cement-sand plaster and then coated with two coats
of emulsified asphalt or an equivalent waterproofing
compound, carried down to the bottom of the footing.

Termite and decay protection is achieved through the
following fundamental construction practices:

— Positive site and building drainage;

— Adequate separation of timber elements from known
moisture sources and a necessary physical barrier for
termite protection;

— Soil poisoning beneath the building and around the
foundation walls;

— Use of durable and treated wood;

TERMITE SHIELD

G

4 RAFT ORREINFORCED SLAB WITH

—]——|—_‘I_‘J— PROJECTING CONCRETE APRON AT
3 1 PERIMETER ON POOR SOILS.TERMI-
IL. _JI TE SHIELD ON ADDITIONAL SILL

PLATE OF VERY DURABLE TIMBER
OR ON FRAME SILL PLATE.

SUITABLE FOUNDATIONS FOR TIMBER FRAME HOUSING

1 IN-SITU KARROW CONCRETE STRIP FOUNDATION -INTEGRAL WITH

FLOOR SLAB IF SOLID FLOOR OR ISOLATED TO SUPPORT FLOOR JOISTS

OF SUSPENDED FLOOR. w= DETERMINED BY WEIGHT IMPOSED BY
BUILDING AND LOAD -BEARING CAPACITY OF SOIL.h=HEIGHT OF
BASE OF BUILDING ABOVE GROUND LEVEL 400 mm, MINIMUM
150 mm , IF SOLID APRON ISBUILT AROUND BUILDING.

NOTE : THE ABOVE SHOWN FOUNDATIONS ARE CONVENTIONAL
FOUNDATION TYPES . DETAILS ON &£.9(a)1.703. IN-
CLUDE TIMBER POST FOUNDATIONS AND SUPPORT OF

POSTS INISOLATED CONCRETE PADS.

il ummnum

F1G.235 :

BUILDING DRAINAGE

RAINWATER CANBE COLLECTED INDRUMS FOR USE OR IN RECEP -
TACLES FILLED WITH LARGE PEBBLES ORSTONES . AN UNDERGROUND
PIPE DISCHARGES 1T INTO A STORMWATER DRAIN. A CHAIN IS FI-
XED TO THE RAINGUTTER OR GARGOYLE TO GUIDE THE WATER IN
WIND. GOOD DRAINAGE AWAY FROM HOUSE IS PROVIDED WITH
SOL!D APRONS FROM STONES ,RAMMED GRAVEL OR CONCRETE.

146

2 IN-SITU CONCRETE STRIP FOUNDATION SUPPORTING FOUNDA-
TION WALL .wqy= WIDTH OF FOOTING STRIP ABOUT TWICE THE
WIDTH OF FOUNDATION WALL . d = DEPTH IS DETERMINED BY wy,
BUT SHOULD NOT BE LESS THAN 150 mm .

3 REINFORCED CONCRETE BEAMS SPANNING BETWEEN SHORTBO-
RED PILES WHERE SOIL CONDITIONS NECESSITATE PILING.

— Ventilation and condensation control
spaces,

in enclosed

The site should be graded such that provision is made for
easy draining away of surface water around the building
(Fig. 235).

Soil poisoning can be achieved with the following soil
poisons: Dieldrin, Aldrin, Chlordane, Benzene Hexach-
loride and DDT. These chemicals have been found suit-
able in humid tropical regions where the risk of termite
attack is very high, as well as in the dry and hot tropical
zones. They are normally applied as a 0,5 % emulsion in
water (Dieldrin and Aldrin) or as 1.0 % emulsion (the
others).

Termite shields — physical barriers for separating wood
from the foundation of a building — should be of 26 gauge
galvanized iron, zinc or copper sheeting. They are to be
installed as shown in the details on the following pages
on top of all foundation walls, piers, etc. Longitudinal
joints should be locked and soldered. It is advisable to
undertake periodic inspections to check on any termite
activity close and around the building.



L.9.1
PROTECTION

1 FOUNDATIONS OF TIMBER POLE
BUILDINGS :

TREATED POLES ( SOAKED IN WASTE OIL,TAR OR PRESER-
VATIVE ) WITH SAWN ENDSWELL COVERED WITH COAL TAR
OR ASPHALTIC PAINT RAMMED INTO BORED HOLES AND

FOUNDATIONS , TERMITE AND DECAY

FROM : "GRUNOUNG FR LOW COST/ SELF HELP
HOUSING " BY K.VORHAUER ,GATE., 10 /79.

MIN. 600

|

PACKED WITH GRAVEL OR STONES OR BEDDED INTO CONCRETE .

2 FOUNDATIONS OF TIMBER FRAME HOUSING

SUITABLE FOR SLOPING GROUND

B

PRESERVATIVE TREATED SOLID TIMBER POSTS ARE
SUPPORTED ON CONCRETE PAD FOUNDATIONS AND BED-
DEO IN RAMMED GRAVEL OR GRAVEL AND CEMENT MiX-
TURE OR CAST INTO LEAN CONCRETE.POSTS ARE WELL
COVERED WITH BITUMENOUS PAINT, ESPECIALLY THE
SAWN ENDS.

3 FOUNDATIONS FORTIMBER FRAME HOUSING *

WITH INDEPENDENT FRAMING SYSTEM

llJ

LOADBEARING POSTS OF TIMBER FRAMEWORK ARE SUPPOR-
TED ON CONCRETE, STONE OR BRICK PILLARS .THEY ARE NAI-
LEO WITH GUSSET PLATES (FROM PLYWOOD OR GALVANIZED
STEEL ) 70 SHORT BLOCKING PIECES WHICH ARE FIXED T0
PILLARS WITH 12 mm DIAMETER ANCHOR BOLTS _END OF
POST AND BLOCKING PIECE MUST BE PROTECTED WITH TwoO

COATS OF BITUMINOUS PAINT.

\- TERMITE
SHIELD
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300 T0 400
HIGHER INDAMP CONDITIONS

N

L.9.1

REBATED AND CHAMFERED VERTI-
CALBOARDING ON 8mm PLYWOOD

SHEATHING
INTERNAL PLYWOOD LINING

75 x 20 mm HARDWOOD SKIRTING

—TONGUED AND GROOVED FLOOR
BOARDS FIXED T0 PRESERVATIVE
TREATED BATTENS WHICH ARE
FIXED T0 45mm THICK CEMENT
SAND SCREED WITH PRESSED,
GALVANIZED STEEL CLIPS

50

~DAMPPROOF MEMB

RANE

SOLUARE EDGEHORIZONTAL BOAR-
DING ON SHEATHING

125 x 22mm T.4 G.FLOOR BOARDS

NN/ A/ AN

LOmm THICK SAND
BLINDING

1 135° N | MIN.12 mm CEMENT

SAND PLASTER WITH
ASPHALTIC COAT-

ING INDAMP CON-
DITIONS

DAMPPROOF MEM-
BRANE UP UNDER
TERMITE SHIELD

UNDER TERMITE SHIELD

TRENCHED SOIL POISONED
MIN. 150 mm ROLLED LA-
TERITE UNDER SLAB-POI-
SONING OPTIONAL

L TIMBER FLOOR ON SUSPENDED CONCRETE GROUND
FLOOR WITH NARROW CONCRETE STRIP FOUNDA -
TION INAREAWITH SUBTERRANEAN TERMITES

+

S SUSPENDED TIMBER FLOOR ON CONCRETE STRIP
FOUNDATION WITH BLOCK WORK FOUNDATION

WALL

6 SOME SOLUTIONS TO GROUND LEVEL PROBLEMS IN

AREAS WITH SUBTERRANEAN TERMITES

SERVICE AND CONODUIT PIPES CAN BE SUS-
PENDED BELOW FLOOR JOISTS IN SUSPEN-
DED TIMBER FLOORS.WHERE THEY PASS
THROUGH THE FOUNDATION WALL OR SO-
LID GROUND FLOOR SLAB THE GAPS MUST
BE SEALED WITH POISONED MORTAR OR
A COAL TAR PITCH -BASED SEALING COM-
POUND.

DAMPPROOF MEMBRANE T0 BE LAID UP
THE WALL AND UNDER THE TERMITE SHIELD.

LOmm THICK SAND BLINDING

MINIMUM 12 mm THICK CEMENT SAND PLA-
STER ON OUTSIDE OF FOUNDATION WALL
WITH BITUMENOUS PAINT IN DAMP CON-
DITIONS.

SOIL POISONED ( TRENCHED ) WITH 5LIT-
RES OF EMULSION FOR 5mZ OR 18 LITRES
PER 3m RUN.

ADAPTED FROM'TIMBER [N TROPICALBUILDING", OVERSEAS BUILD-
ING NOTES N°146 ,BUILDING RESEARCH STATION, GARSTON,ENGLAND



L.9.2

AND LINING

MOISTURE BARRIER

{"BREATHER"TYPE OF
BUILDING PAPER)

STAPLED TO SHEA-
THING [ PLYWOOD)

VERTICAL BATTENS,
50 x20mm ,NAILED
THROUGH VERTICAL
BOARD JOINT TO
FRAMING {NOGGINGS)

—BO0ARDS - SHOULD

NOT BE WIDER THAN
100 mm , BETWEEN
22 AND 25 mm THICK

— e e
/

VERTICAL

~ "\\ ~
~ M~
\/\\ T~ T
\J UREN
| A

/)

et ]

NOGGINGS -MINI -
MUM 50 x50 mm,
SPACED NOT MORE
THAN 1225 mm APART
T0 SUPPORT BOAR-
DING WHEN SHEATH-
ING IS NOT USED OR
LESS THAN 20 mm
THICK

RUST-PROOF NAI-

BOARDING :
BOARD AND BATTEN

LING

i

=

ALTERNATIVE ARRANGEMENT WITH BOARDS

ON BATTENS
SHEATHING

: INCREASES THE RACKING RESISTANCE OF FRA-

MED COMPONENTS WHICH ARE SUBJECTED TO HORIZONTAL FORCES.
ITPROVIDES OVERALL FIXING TOCERTAIN FORMS OF CLADDING
AND ARIGID BACKING FORTHE MOISTURE BARRIER.

HORIZONTAL
BOARDING :
FEATHER EDGE

L WALL SHEATHING,
PLYWO0OD OR HARD-
BOARD

MOISTURE BARRIER

FEATHER EDGE

BOARDS,100 mm
WIDE 16 T0 25mm
THICK

L~ 50x 25 mm FIXING
BATTEN

WALL CONSTRUCTION, CLADDING

VERTICAL
BOARDING :

REBATED AND

100 x 50 mm STUDS
WALL SHEATHING

MOISTURE BARRIER

50 x25mm FIXING

BATTENS AT MAXI-
MUM 1,25 m CEN-
TRES

100 x MIN.22mm

5

REBATED AND CHAM-
FERED BOARDING

CHAMFERED OR TONGUED AND GROOVED
3

N

?//

100

'IwT

Y.

S

- SECRET NAILED 70 BATTENS |
2 31
1 REBATED AND CHAMFERED BOARDING
2 TONGUED AND GROOVED BOARDING
FIXING FIXING

3 FEATHER EDGE

L SOUARE EDGE

5

S REBATED FEATHER EDGE

NOTE : FIXING BATTENS MUST BE PRESERVATIVE TREATED .
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| HARDWDOD CLOSING
QL_JUUXSOmmSIUD BATTEN
SHEATHING ¢—————SPACE FOR WIN-
DOW PA
L M0ISTURE BARRIER NEL
100x MIN.22 mm N PLYWO0OD PANEL OF
' | REBATED SHiPLAP h \ LUALITY FRom 1
BOARDING FIXED T TS g ITE FAOM 6 10
THROUGH SHEATH- "
ING TO FRAMING HARDWO0D BEAD-
COMPONENTS WITH ING 40 x 16 mm T0
RUST -PROOF NAI- FIX PLYWOOD PANEL
LING DF TWO T0 1
TWO AND A HALF —1) mm THICK WA-
TIMES THE THICK- TERPRODF SEALING
NESS DF THE BOARD COMPOUND
\\:\\\\\
HORIZONTAL \
BOARDING :

REBATED SHIPLAP: PLYWOOD INFILL PANEL :

REBATED AND CHAMFERED BOARDS CAN ALSO BE USED FOR HO- RECOMMENDED FORUSE BELOW AND ABOVE WINDOW PANELS IN
RIZONTAL BOARDING,BUT ARE MORE COMMONLY USED FOR VERTI- SHELTERED POSITIONS .
CAL BOARDING.

%

50x 20 mm HARD-

OPEN JOINT LINING:

WO00D COVER THE BEAUTY OF THE VENEER CAN BE

STRIP,STRAIGHT FULLY UTILIZED IF WHOLE PLYWOOD

OR CHAMFERED SHEEYS ARE USED IN THE PANEL
ARRANGEMENT

>

L ,) BUTT JOINT WITH COVER
STRIPS (TIMBER BATTENS):
PLYWOOD LINING : LONG EDGE PARAL-
LEL TOMAIN FRAMING MEMBERS,
WITH ADDITIONAL NOGGINGS.
PLYWOOD LINING :

THIS 1S USED FOR INTERNAL WALL AND PARTITION COVERING .
AN EXCELLENT FINISH IS ACHIEVED BY USING DECORATIVE VE-
NEERS ONTHE PLYWOOD.

V-JOINTED LINING :

THE FOLLOWING PANEL MATERIALS
CAN BE V-JOINTED : HARDPRESSED
FIBRE BOARD ,PARTICLE BOARD,
MEDIUM DENSITY ASBESTOS
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L.9.2

el

~N y
. 1 CORNER JUNCTION WITH
7 SOLID TIMBER POST

SOLE PLATE
COMPONENT EDGE
/\\ STUD
3 CORNER POST
e FILLER PIECE

7VERTICAL BOARDING -BAT-
TEN AND BOARD CLADDING

——100 x 100 mm SOLID COR-
NER POST

NESS OF THE WALL LI-
NING TO MAINTAIN CON-
TINUITY

GLASS WOOL QUILT FOR
THERMAL INSULATION
WHERE NECESSARY

[N

PLAN OF CORNER JUNCTION WITH SOLID TIMBER
POST AND BATTEN AND BOARD VERTICAL CLADDING

EDGE STUD

FILLER PIECE ( PLYWOOD
SPACER )

SOLE PLATE

3 CORNER STUD
ASSEMBLY

EXTERIOR WALL

NOTE : INSINGLE- STOREY STRUCTURES STUDS ARE PLACED
AT 600 mm CENTRES.FOR TWD -STOREY BUILDINGS STUDS ON THE
GROUNDFLOOR SHOULD BE SPACED AT 400 mm CENTRES. AN ARRAN-
GEMENT OF MULTIPLE STUDS AT EXTERNAL CORNERS PROVIDES

FILLER PIECE TO THE THICK-

STUD ASSEMBLY AT JUNCTIONS
OF INTERIOR PARTITIONS WITH

CORNERS AND JUNCTIONS

COMPONENT STUD
FILLER PIECE
EDGE STUD
FIXING STUD

o~
—
L~

~ 2 COMPONENT T0 COMPO -
NENT CONNECTION

N

HORIZONTAL BOARDING-SHIP-
LAP BOARDING FIXED TO VER-
TICAL ,PRESERVATIVE TREA-
TED BATTENS

VERTICAL STOP TO HORIZON -
TAL BOARDING

122 ADAPTED FROM " TIMBER
FRAME HOUSING -DESIGN GUIOE”
{ TRADA, HIGH WYCOMBE ENG-
LAND ).

\

U
PLAN OF CORNER JUNCTION WITH SOLID TIMBER
POST AND HORIZONTAL SHIPLAP BOARDING

EDGE STUD
COMPONENT STUD
SOLE PLATE

4 CORNER ASSEMBLY

50 x 50 mm BLOCKING
PIECE

FOR READY FIXING OF CLADDING AND LINING MATERIALS.FOR
SOLID CORNER POSTS A SILL PLATE BELOW THE SOLE PLATE IS
NECESSARY MULTIPLE STUDS ARRANGEMENTS ARE MORE ECO-
NOMICAL.
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L.9.3

DIFFERENT FLOOR FINISHES ON A
SUSPENDED GROUND FLOOR

THE FRAMING SYSTEM SHOWN IS APLATFORM
FRAME WITH HORIZONTAL FEATHER EDGE BOAR-
DING FIXED THROUGH PRESERVATIVE TREATED
FIXING BATTENS TO STUDS . INTERNAL WALL
FINISH IS OPEN JOINT PLYWODD LINING.SOUND
AND THERMAL INSULATION IN SPACE BETWEEN
STUDS WHERE NECESSARY.

FLOORING

/
T
>
1 40 mm THICK SARD BLINDING 6 RESILIENT FLOORTILES ON 20mm THICK PLYWOODD SHEETING
2 FOUNDATION WALL 7 TONGUED AND GROOVED FLOOR BOARDING 100x 22 mm FIXED
3 DAMP PROGF MEMBRANE TO GO UP FOUNDATION WALL UNDER STRAIGHT TO FLOOR JOISTS
TERMITE SHIELD 8 90x 20mm HARDWOOD SKIRTING

L TERMITE SHIELD 9 MOSAIC WOOD FLOGRING PANELSFIXED TO PLYWOOD SHEETING
S GROUND FLOOR JOIST 150x 50 mm AT 600 mm CENTRES IN A 10 FILLER PIECE AT BOTTOM OF LINING

600 mm GR1D SYSTEM

SPECIAL SHAPED TON-
& GUED AND GROOVED
BOARDING FOR SECRET
NAILING

= = R S

TONGUED AND GROOVED FLOOR BOARDING WITH GROGVE OUT OF CENTRE FIXED
ON FLOOR JO!STS {SEE ABOVE) GROK BATTENS ( IN CASE OF ASOLID FLODR SLAB)

b S R A — LOST HEAD BRAD,NAI-
Vs 1 } L LED THROUGH THE FACE
/ / L /| AND PUNCHED IN.
/ / LENGTH OF NatLS 2
/ XX TIMES THICKNESS OF
///| HEADING J0INTs: S/ BOARDS .
SQUARE BUTT SPLAYED od REBATED
— OROINARY FLOOR BRAD
DETAILS OF FLOOR BOARDING AND NAILING JL -
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L.9.L  ROOFING

The functions of a roof will be fully described and detailed
in part 5 (“Construction” — Roofs and Roof Finishes). Itis,
however, important to know before deciding on a suit-

“a NEGATIVE PRESSURE ON
: THE WINDWARD EDGE OF
THE ROOF
\,
\\~—

WIND {:

ATTEMPTED FLEXURE UP-
WARDS OF OVERHANGING
ROOF SURFACE

F16.236 :THE MONROE EFFECT

(FI1G.236 AND 237 ADAPTED WITH KIND PERMISSION FROM
"CYCLONE -RESISTANT RURAL PRIMARY SCHOOL CONSTRUC-
TION -A DESIGN GUIDE" BY I.T.SINNAMON AND G.AVAN'T 100,
EDUCATIONAL BUILDING REPORT NO7, UNESCO REGIONAL
OFFICE FOR EDUCATION IN ASIA ,BANGKOK ,THAILAND,1977)

able roof construction for timber frame housing that the
roof structure should be sufficiently strong to withstand
anticipated wind loads and to span between structural
supports without noticeable deflection. Roof members
should be adequately anchored to the exterior walls.
Purlins must be securely fastened to the rafters or trussed
rafters. This is especially important in tropical areas
where typhoons and cyclones may occur.

In Ghana a common occurrence happens with the onset
of the rainy season. Inadequately or inefficiently secured
roof covers and often complete roof components are
ripped off roof members or walls during rainstorms
which are normally accompanied by winds reaching gale
strength. Modern lightweight roof structures and cover-
ings which are commonly used (corrugated iron,
aluminium or asbestos cement roofing sheets on timber
substructure) are especially susceptible to damage from
suction caused by strong winds (“Monroe-effect”,

Ambrosius R. Flores: “Design methods for wind effects
on buildings and structures”, Philippine Architecture,
Engineering and Construction Record, April, 1972).

Negative pressure is always on the windward edge of
roof structures (Fig. 236) with an attempted upwards
flexure of the overhanging surface. Long eaves projec-
tions which are a design feature for building in tropical
countries are increasing the buffeting effect.

It is possible to take precautions against this in different
ways as shown in Fig. 237 as an alternative to using
framing anchors which may not always be readily avail-
able, especially in rural areas.

For timber frame construction two types of roof struc-
tures are recommended for the ordinary double pitched
roof with gable or hipped ends:

—~ Rafters and purlins,
— Trussed rafters and purlins.

Trussed rafters have the advantage of not needing load
bearing side and interior partition walls and can be
prefabricated off-site. They resultin a more rapid installa-
tion of roof and ceiling framing. Trussed rafters are
normally spaced at 600 mm centres. Where trussed
rafters are used gable ends are usually framed in a
conventional manner using common rafters fixed to
gable end studs.

For nailed truss construction no special pneumatic or
hydraulic equipment is needed during assembly. These
trusses not only reduce timber requirements but also
save construction time and site labour. Numbers of nails
required and nailing arrangements are shown in Fig. 238
of a truss spanning up to 8.50 m.

Other details are shown on the following pages.

CORRUGATED SHEETING FIXING AT EAVES AND RIDGE WITH THE
HELP OF BATTENS ONOQUTSIDE OF ROOFING SHEETS THROUGH
WHICH 8mm DIAMETER BOLTS ARE FIXED (AT OVERLAPPING

OF SHEETS ) TO PURLIN AND RAFTER . AT RIDGE THE BOLT 1S SHA-
PED IN ONE PIECE TO FIX BATTENS OVER RIDGE PIECE ,SHEET-
ING, RIDGE PURLIN AND RAFTER.

F16.237.SECURING ROOFS FOR STRONG WINDS
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L.9.L, TRUSSED RAFTERS

NOTE :

THE CORNER ASSEMBLY, STUD ASSEMBLY AT JURCTION OF INTERIOR
PARTITION WITH EXTERNAL WALL ( PAGE 151, F16.3,4,5 AND 6)
AND DIMENSIONS OF NAILED "W ” TRUSSES ( PAGE 154 ) HAVE
BEEN ADAPTED FROM "TIMBER FRAME CONSTRULTION - A GUIDE

TO PLATFORM FRAME "({ COUNCIL OF FOREST INDUSTRIES OF BRI-
TISH COLUMBIA). THE "ERECTION OF TRUSSES"HAS BEEN ADAPTED
FROM " NOTES ON THE SCIENCE OF BUILDING LIGHT TYMBER TRUS-
SES” {COMMONWEALTH EXPERIMENTAL BUILDING STATION,DEPT.
OF WORKS AND HOUSING ,CHATSWOOD, N.S.W., AUSTRALIA ).

BOTTOM ToP WEB
MAX.SPAN CHORD CHORD MEMBERS
m mm mm mm
L90m 75 x 40 715 x 40 75x 25
6.75m 75 x 45 100 x 45 75%x258&75x40
8.50m 100 x 45 100 x 45 100x25 &100x45

TasLe 15: EXAMPLE OF MEMBER SIZES OF SIMPLE
NAILED TRUSSES ERECTION OF TRUSSES

THREE WORKERS ARE NEEDED.THE TRUSSES ARE FIRST
PLACED ON THE WALL PLATE HANGING UPSIOE DOWN. EACH
TRUSS ISTHEN ROTATED UPWARDS INTO THE CORRECT PO-
SITION AND FIXED INTO PLACE.

NAILED KING -POST TRUSS

WITH PLYWOOD GUSSETS ,SUITABLE FOR SPANS UPTO 7.50 m.
EXTENDING TOP CHORD INDIVIDUALLY SUPPORTED ( FOR CO- TOP CHORD

VERED VERANDAMNS ).
‘,\-\L,\: WEB MEMBERS

e BOTTOM CHORD
L/& L/&
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NAILED“W" TRUSS L

WITH PLYWOOD GUSSETS,USING UNCLINCHED 45 mm NAILS , SPA -
CED AT EVERY 600mm CENTRES.SUITABLE FOR SPANS UP 70 8.70 m.

* - Py
x 7/ v/ o R -
N 4 w -~ N
\* 1N w7 ~ ~_
PR 7N I A, ——— e = =]
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500 mm 125 175 1 L00 mm

GUSSET PLATES AND SPACING OF NAILS

GUSSET PLATES ARE MADE FROM 9.5 mm THICK,GOOD EXTERIOR QUALITY
PLYWOOD. NAILS ARE SPACED STAGGERED, 38 mm AND 17.5 mm APART. F16.238: TRUSSED RAFTERS
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L.9.L RAFTER AND PURLINS 0

~CORRUGATED ALUMINIUM ROOFING SHEETS FIXED T0O 65 x50 mm
PURLINS WITH PANHEAD DRIVE SCREWS ,ALUMINIUM DIAMOND
AND BITUMEN FELT WASHERS . AT EAVES CYCLONE RESISTANT
FIXING WITH & BmmBOLTS THROUGH 65x 32 mmBATTEN ON TOP
OF SHEET ,PURLIN AND RAFTER.RUBBER EAVES FILLER PROVIDED
AT EAVES.

AND HEAD PLATE PURLINS FIXED WiTH SPIKES OR
FRAMING ANCHORS TO RAFTERS.

-225x 32 mm WELL SEASONED FASCIA

125 x 55 mm RAFTERS FIXED WITH BOLTS TO HEAD BINDER 688

750 /

RAFTER AND PURLIN ROOF - EAVES DETAIL

300 400 S00mm

S0xSOmm INTERMITTENT CEI -
LING JOISTS AT 600 mm CEN -
TRES 70 TAKE 12 mm THICK CEI-
LING BOARDS {SOFTBOARD OR
PARTICLE BOARD ).

100 x 50 mm HEAD BINDER
100 x 50 mm HEAD PLATE

VERTICAL BOARDING
INTERNAL PLYWDOD LINING

WIRE NETTING FIXED TO SOFFIT
WITH 50x 15 mm BATTENS.

PANHEAD DRIVE SCREWS FIXED
STAGGERED TO PURLINS AT VER-
GE .INADDITION EACH RODFING
SHEET SHOULD BE FIXED TO PUR-
LINS WITH AT LEAST TWO KOOK

LBULTS.
110 x 55 mm JACK RAFTER, 325

mm LONG EVERY 600 mm TO CAR-
RY 225 x 32 mm FASCIA BOARD.

VERGE DETAIL )

110 x 55mm GABLE RAFTER

100 x 50 mm HEAD BINDER OF GAB-
LE FRAMING

100 x 50 mm HEAD PLATE OF GAB-
LE FRAMING

100 x 50 mm GABLE STUD

ARRANGEMENT OF GABLE FRA-
MING FORRAFTER AND PURLIN
ROOF WITH HEAD BINDER,HEAD
PLATE AND GABLE STUDS
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L.9.5 THERMAL AND SOUND INSULATION

450 (UP TG 600 )x 150 x 22 mm WOODEN SHINGLES( TERMINALIA IVORENSIS)
ON 50x 32mm BATTENS .16 mm THICK PLAIN WOODEN BOARDING UNDER BAT-

TENS, COATED WITH BITUMINOUS PAINT,IS RECOMMENDED FOR VERY

HUMID AREAS

125 x 50 mm RAFTERS AT 600 mm CENTRES ,BOLTED TO WALL

FRAMING WITH @ 8 TO 12 mm BOLTS
——255x 32mm WELL SEASONED FASCIA BOARD

WIRE NETTING FIXED TO RAFTERS WITH*\
50 x 15 mm BATTENS

Qb"‘ !

100 x 50 mm HEAD BINDER

100 x 50 mm HEAD OF FRAME OF FIXED
VENT OPENING

120x 20 mm FIXED WOODEN LOUVRES

INSECT SCREEN FIXED TO VENT OPENING
WITH 50 x 15 BATTENS

150 x 75 mm REBATED AND SPLAYED SILL
WITH 70 x50 mm BLOCKING PIECE

100 x 50 mm HEAD PLATE

50 x50 mm CEILING JOISTS AND HANGERS/

TO WHICH CETLING BOARDS { SOFTBOARD,
PARTICLE BOARD ,W000 WOOL SLABS }
ARE FIXED WITH 50x15mm BATTENS

SHINGLE ROOF WITH SUSPENDED CEILING

COMFORT INDOORS CAN BE ACHIEVED IN A TIMBER HOUSE WITH
WOODEN SHINGLE ROOF BY REDUCING SOLAR HEAT TRANSMIS-
SION THROUGH THE ROOF WITH A SUSPENDED CEILING AND
PROTECTED VENT OPENINGS TO ALLOW FOR CROSS - VENTILA -
TION UNDER THE ROOF .INSULATIVE CEILING MATERIAL WILL
FURTHER IMPROVE THE INDOOR CONDITIONS. ROOFS WITHND
CEILINGS CREATE UNCOMFORTABLE MICRO-CLIMATIC CONDI-
TIONS THROUGH THE HIGH DEGREE OF THERMAL TRANSMIT -
TANCE IN TROPICAL AREAS.ANY OPTED SOLUTION SHOULD
TAKE INTO ACCOUNT THE COST OF THE ROOF COMPARED TO
OTHER ELEMENTS OF THE HOUSE.
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EXTERNAL YERTICAL BOARD -
ING ON BATTENS,MOISTURE
BARRIER AND SHEATHING

{[———INTERNAL PLYWOOD LINING

On some sites, insulation from outside sources of noise
(traffic, aircraft) may be an important functional consider-
ation, as well as excessive hoise transmission within a
dwelling.

In timber frame construction it is often sufficient to use
the “air cushion” between the two leaves of the framing
elements as cavity which must not contain any rigid
bridges, on the condition that the containing surfaces are
rigid and of sufficient thickness (minimum 20 mm). This
air cushion can be supplemented with glass fibre or
mineral wool quilts in or to one side of the cavity (as
shown on sheet 4.9.3 Flooring).



L——MINERAL WOOL QUILT
LAID ON TOP OF FLOOR
JOISTS FIXED DOWN
WITH 50% 25mm
BATTENS

——MINERAL WOOL PUGGING

STRUCTURAL WALL

FiG.239 : SOUND INSULATION OF ATIMBER FLOOR

(FROM " TIMBER FRAME HOUSING - DESIGN GUIDE” [ TRADA,
HIGH WYCOMBE , ENGLAND ).

—T.% G.BOARDING
NAILED INTO,BUT
NOT THROUGH

BATTENS, WHICH
ARE LAID ALONG
LINE OF JOISTS.

In timber floors sound insulation is achieved through
constructional separation of the upper and lower sur-
faces of the floor element. This will considerably reduce
impact sound from walking and transmission of other
sound (Fig. 239)

4.10 SUMMARY

There are many approaches to design and construction of
wooden houses:

— Use of timber for all structural, non-structural and
finishing parts from foundation to roof construction;

— Use of pre-cut and prefabricated timber components
and panel systems;

— Use of timber parts, light framework or stressed-skin
panel systems above solid foundation and suspended
floors or solid floors (depending on the prevailing site
conditions) for walls;

— Use of timber posts or light framework in conjunction
with other materials (e.g. brick cladding, metal clad-
ding, asbestos-cement cladding, bamboo mat walling
etc.).

There is no doubt that with good designs and appropriate
construction details wooden houses can be constructed
at reasonable costs. They can moreover compete with
any houses which are constructed with conventional
materials in thermal properties, durability in tropical
conditions, in comfort and good family living provided
for its occupants and in their aesthetic appearance.

4 TIMBER AND TIMBER FRAME CONSTRUCTION
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9 GONSTRUGTION

5.1 INTRODUCTION

In order to understand what is involved when talking
about Construction, it is necessary to explain some other
definitions in the same context:

~ Building: This could be described as our “built” envi-
ronment with its own function and form of appearance.
A building may be simultaneously regarded as an
enclosure of spaces for specific uses and as a systemto
distribute services and to discharge wastes.

— Structure: This is the skeleton, or better, the “bones
and tendons”, of a building; it could be described as
that part of a buildung which makes it stand up.
Understanding of structural behaviour (which is our
appreciation of the laws of nature) serves two aspects
in architecture:

(I} 1t should be the starting point in the design process
and at the same time an inspiration to form;

(1) It should lead to economical solutions of building
problems.

OF SHAPE /

Not always do these two aspects coincide. Sometimes
they diverge. The larger the span of a building, the
more its shape and appearance is dictated by structural
considerations (Fig. 240). It is necessary that the
architect is fully aware of all structural problems,
especially in areas where earthquakes, hurricanes,
typhoons etc., are likely to occur. But with new mate-
rials, more efficient use of traditional materials and the
knowledge of their behavior, the modern architect has
also a much larger freedom of design compared to the
traditional builder. This freedom of design, based on
knowledge and appreciation of materials and struc-
tural behaviour, has resufted in many new forms
undreamed of in the past. Our understanding of the
laws of nature which govern structurat behaviour have
enabled us to use our resources with greater economy
and a minimum of waste.

Structural System: This could be described as the
fundamental principle by which the “standing-up” of a
building is achieved. The function of the structural
system is to absorb the various forces to which a
building is exposed and to direct them in such a way

VT,

DIFFERENTIATION \

0

LINEAR BEAM SURFACE STRUCTURES

f16.240 : STRUCTURAL SYSTEMS AND SPAN
ADAPTED FROM*BAUWERK ,TRAGWERK, TRAGSTRUKTUR " BY BUTTNER AND HAMPE,
VED - VERLAG FUR BAUWESEN BERLIN, 1976 .

Y
CURVED SURFACE STRUCTURES ¢
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that ideally the state of equilibrium is achieved, which
is the most important requirement for the stability of a
building. A structural system must be able to carry its
own weight and applied loads and direct them into the
ground. To be built, a building must, however, be
conceived as a constructional system.

Construction: This could be described as the art of
putting the elements together which, in addition to
making the building “stand up”, makes it fulfil all the
other functions of a building, such as keeping the
weather out, admitting or excluding tight, providing
ventilation and generally providing shelter and space
for the many different activities for which it has initially
been designed and, last but not least, providing com-
fort for its occupants.

Forces and the State of Equilibrium: A building and its
components are subject to different forces which tend
to disrupt the state of equilibrium. The structure of a
building must therefore be designed in such a way that
the building is able to withstand these forces.

Forces can be perceived by the movements they cause.
The downward movement of gravity is perceived as
weight. Gravity is one of the most important forces.

In a state of equilibrium an object remains static, that is,
the movement which gravity attempts to create is
arrested. It is the action of a force in one direction which
is equilibriated by an equal and opposite force on the
same line of action (Fig. 241). A static equilibrium in a
structure or in the elements of which it is composed is
achieved, if the forces can be arranged to be equal and
opposite so that they cancel each other out. The more

COMPRESSION

TENDS TO
SHORTEN AND
CRUSH A MEM-
BER

NE

BASIC ELEMENTS .

SOLID STRUCTURES
ARCH ASBRIBGING STRUCTURE
SKELETAL STRUCTURES :

POSTS COLUMNS AND BEAMS
LINEAR FRAME : STRUTS AND TIES
SLABS AND PLATES

<

>
I
I
!
|

\
F""""J

FIG.241: THE STATE OF EQUILIBRIUM

THE ACTION OF A FORCE [N ONE DIRECTION IS EQUILIBRATED
BY AN EQUAL AND OPPOSITE FORCE ON THE SAME LINE OF AC-
TION.THE OUTWARD THRUST OF A PAIR OF RAFTERS IS EQUI-
LIBRATED BY ATIE (1) OR APAIR OF BUTTRESSES (2) TO RE-
SIST THE TURNING EFFECT.

FROM :"STRUCTURES "BY H.W.ROSENTHAL , ESSENCE BOOKS ON
BUILDING ,THE MACMILLAN PRESS LTD.LONDON .

directly this can be achieved the more economical and
simpler the structure will be.

The early history of building shows that man has
utilized the materials available to him, stones, soil,
sand, plants and wood, in structures in direct compres-
sion (Egypt, Assur, Babylon, Greece, Rome, Gothic,
Renaissance), limiting the span. With the development
of tools and better knowledge and processing of mate-
rials (wrought iron, steel) a reduction of the mass of the
building and an increase of span was achieved which
resulted in new technologies and structural elements
in direct tension (Fig. 242).

TENSION

TENDS TO
ELONGATE
A MEMBER

COMPOSITE OF
COMPRESSION
AND TENSION:

E :
BENDING BASIC ELEMENTS

SKELETAL STRUCTURES
FLEXIBLE TIES AND TENDONS

SUSPENSION AND TENTED
STRUCTURES
MEMBRANES

-

QA TS

SOLID

ARCH POST CANTI- PLATE, SLAS, TENSION STRUCTURES, MEMBRANES
STRUCTURE COLUMN  LEVER PANEL FLEXIBLE TIES AND CABLES
FI16.242 : COMPRESSION AND TENSION STRUCTURES

FROM :"BAUWERK ,TRAGWERK ,TRAGSTRUKTUR™, BAND 1 8BY

0.BUTTNER AND E.HAMPE , VEB-VERLAG FUR BAUWESEN , BERLIN.
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5 CONSTRUCTION
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5.2 GROUND INVESTIGATIONS

The massive structures of the past rested on rock as
foundation. Up to the Middie Ages foundation design
was inspired guesswork on a background of past experi-
ence resulting in rather crude methods. Winchester
Cathedral has survived for 750 years on foundations of
short oak piles and bundles of wattles in a thick bed of
peat, no doubt due to the preservative character of peat.
The Tower of Pisa (Campanile at Pisa, 12th to 14th
century) however, began to lean over as soon as it was
completed and is out of plumb today by 4.30m at the top.
The top storeys had originally been reinforced on the
north side to counteract the “leaning”. At the moment it
seems to be a question of leaving it the way it is as one of
Italy’s most famous tourist attractions or giving in to the
frustrated engineers who, with present day knowledge
and technologies, no doubt could arrest the continuing
movement of the building and make it completely safe.
(V. C. Launders in ""Foundations”’)

Not until the late 19th century did the scientific study of
foundations really begin. It was necessitated by probiems
which arose from the construction of large commercial
buildings on difficult sites in Chicago, where the Borden
Block (1880) became the first building in the world with
independent footings taken through a considerable layer
of clay down to load-bearing soil.

Scientific principles and methods for the analysis and
testing of soils to establish their load bearing capacity,
possible settlement and probable failures of a structure
became known only from the publication of “Erd-
baumechanik” by Terzaghi (described by V.C. Launder as
“father of soil mechanics” in “Foundations”, Essence
Books on Building} in 1925.

Good foundation design must ensure that structural
loads (including the weight of the foundations) are trans-
ferred to the ground:

o =
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=
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— Economically: This will require the choice of the most
suitable foundations;

— With due safety: This will require an adequate safety
design factor providing against failure of the founda-
tions and the ground below;

— Without any unacceptable movement either during or
after construction: This refers to estimated settlements
or movements associated with particular ground con-
ditions (including earthquake-prone zones) and a com-
parison with those settlements and movements which
are considered as acceptable in the circumstances,
including possible movement in the superstructure.

5.2.1 SITE SURVEY

A thorough site survey is a prerogative to good founda-
tion design. It should be the basis for the decision:

— Wheter the site is suitable to build on;

— Where the best practical place to buiit the foundation is
to be;

— What the load-bearing capacity of the soit is likely to be.

A site survey involves a thorough analysis of the site to
find out:

— Levels and contours;

— Surface characteristics, e.g. rock outcrops, hollows,
filled-in ground;

— Location and species of existing trees;

— Surface water flow on or around the site and water
table;

- Existing underground services (water supply and
drainage pipes, electrical and telephone cables);

— Subsoil characteristics (can it be used for construction,
backfill, base course etc.);

— Existing structures adjacent to site and closeness of
their foundations to boundary line;

— Geological formations underlying the site, e.g. soil
faults due to earthquakes, change of strata etc.
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5.2.2 SOIL INVESTIGATIONS

These are normally undertaken by properly equipped
laboratories. Their purpose is:

— To estimate the load bearing capacity of the soil at
various depths;

— To estimate the order of settlement which is likely to
occur with the established safe bearing pressure onthe
soil at various depths or with the applied pressure
where this is lower;

— To decide on suitable construction methods;

— To determine the level of groundwater in permeable
soils;

— To check on any harmful chemicals present in the soil
or in the groundwater.

5.2.3 METHODS OF INVESTIGATIONS

I. BY TRIAL PITS:

For a simple two-storey structure this is the quickest
method of investigations. Normally holes of
1.0m X 1.0m are hand-excavated to a depth of about
2.50m. Quite accurate information regarding soil condi-
tions can be collected in this way, but it will become an
expensive undertaking if investigations are to be carried
out very deep or below the water table. Trial pits are
usually dug at the corner locations of the proposed
building.

If. BY BORING:

Soil investigations by boring are done with hand-auger

Fig. 244: Soil tests with the B.R.R.l. drilling rig at the Faculty of
Engineering, School of Mining Engineering site, U.S.T.,
1982.
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PULLEY
BORING RIG

SWIVEL

-ENGINE AND WINCH

SAMPLE BOX ~
—————QUTER CASING
AUGER

BORING ISDONE WITH A
CHOPPING BIT [N AN OUTER
CASING OR WITH AN AUGER.
IF USED WITH WATER TH!S
WILL ESCAPE FROM THE
CHOPPING BIT AND RETURN
IN OUTER ANNULAR SPACE
CARRYING UPTHE DRILLING
DEBRIS.

T | . <

F16.243: A DRILLING RIG

boring equipment of boring rigs with casings which can
bore up to 250mm in diameter (Fig. 243 and 244). Boring
is generally the best and most economic method of
determining soil conditions on sites for larger structures
higher than 2-storeys. With boring, depths of 30 to 50m
can be reached. Soil taken out is tested either in disturbed
or undisturbed condition. Undisturbed samples are taken
in special samplers as the holes are bored. Table 16
shows a typical borehole record from the sub-soil investi-
gations on the site for the extensions to the Faculty of
Pharmacy Building at U.S.T., Kumasi (B.R.R.l., No. SM/
Consult/17, August, 1969).

The laboratory tests which are conducted with the soil
examples taken out of various depths include the fol-
lowing:

Identification and description;

Shear and compression tests;

— Determination of moisture content, density, etc.;
— Particle size analysis;

Consolidation tests.



NOTE:

THIS SYSTEM OF ESTABLISHING THEBEARING CAPACITY OF
SOIL IS USEFUL IN AREAS WHERE IT IS DIFFICULT TO CON -
DUCT BORING INVESTIGATIONS AKD PROPER LABORATORY
TESTS.

APITISDUG THROUGH TOP SOIL AND SUB SOIL TO A DEPTH
OF ABOUT 600mm.

ARIGFROM BUSH POLES IS HOISTED OVER THE PIT HOLDING
APULLEY WITH A 75kg WEIGHT .

A S50mm DIAMETER STEEL TUBE ([ INNER DIAMETER 35mm )
IS FIXED 150mm DEEP IN THE PIT DEAD CENTRE UNDER THE
WEIGHT AND CLOSED ON THE TOP WITH A WOODEN PLUG.

L THE WEIGHT WHICH IS HELD EXACTLY 750
mm ABOVE THE TOP OF THE TUBE fS REPEAT-
EDLY RELEASED TO FALL DOWN ON TO THE TOP
OF THE PLUG UNTIL TRE TUBE IS PUSHED
300mm DEEP INTO THE SOIL.THE NUMBER
OF FALLS COUNTED ARE ANALYSED BELOW :

F16.245 : SIMPLE SOIL TEST { FROM AMERICAN SOCIETY OF TEST
RIALS , ASTM - D/1586,1967)

From these an estimate can normally by produced of the
safe bearing capacity of the soil and possible settiement
under load. The American Society of Testing and Mate-
rials uses a very simple test to establish safe bearing -
pressure of soils under load, which is shown in Fig. 245.

5.2.4 SOIL TYPES, THEIR STRUCTURE AND STRENGTH

— Rocks: These are normally excellent founding mate-
rials with high load bearing capacities and negligible
settlement under load.

Igneous Rock: Basalts and granites; have 2 to 3 times
the safe bearing capacity of hard sedimentary rocks
and 25 to 50 times that of clays and sands.
Metamorphic Rock: Gneisses, slates and schists; have
good bearing capacity.

Sedimentary Rock: Solid stratified and consolidated
deposits, usually of weathered material from other
rocks, shales, mudstones, ironstones, coal, chalk,
limestones and sandstones. When massively bedded

EWEIGNT | SOIL N g send || CLASSIFIEATION
5 0.5 POOR
7.8 1.0 MODERATE
- 1 2.0 GooD
< 20 3.0 YERY GOOD
————

ING AND MATE-

taken over limestone deposits, where so-called “swal-
low holes” might occur {Fig. 246). Caves and deep
fissures are also found in sedimentary rock.

Gravels (non-cohesive): These are deposited loosely
and can easily be removed by shovel; 50 mm diameter
stakes can be driven in without trouble.

Laterite (non-cohesive): Good bearing capacity.

CAVING IN

these rocks have high bearing capacity. Care must be  Fi6. 246 : SWALLOW HOLE IN LIMESTONE
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EXISTING PHAR-
MACY BUILDING

- BH.1-PERCUSSION DRILL HOLE
70 12.25m DEPTH

+ AH AUGER HOLES T0 5.50 m
DEPTH

B.HA

+r g o . AN

EXTENSIONS TO FACULTY A
OF PHARMALY

taBLeE 16: BOREHOLE RECORD

BOREHOLE RECORD OF B.H.1 FROM THE REPORT ON
THE SUBSOIL INVESTIGATIONS ON THE SITE OF THE
EXTENSIONS 70 THE FAULTY OF PHARMALY,U.S T,

DESCRIPTION OF STRATA| LEGEND DEPTH
6.L.
DARK BROWN PEBBLY LATERITIC © 00 00 00 | lhLo
RESIDIUM ooooo c,oooc)ooo )
1.25m
SLIGHTLY PLASTIC, FERRUGINOUS | — « — « — . |
LATERITIC RESIDIUM e c— o — 9 somTHICK
PLASTIC TO SILTY LATERITIC RE- |— - — - — .| >7%m
SIDIUM — — —
o o ___ __1l 2985mTHICK
- "1 6.70m
SILTY, HIGHLY MICACEOUS VARIE-|— -+~ — —«— —
GATED LATERITIC RESIDIUM [T T Tt 1.55mTHICK
HIGHLY WEATHERED GRANITE ° 8.25m
e o 4 -] /p
WITH THE GRANITE STRUCTURE /\/\/\/\\
STILL VISIBLE /> /0 /7 /T /7| PENETRATED
10 12.25m
S o
———————— — BOREHOLE1

KUMAST .THE ALLOWABLE BEARING CAPACITY OF THE SOIL AT
A DEPTH OF 1.50m USING LOWER SHEAR PARAMETERS WAS

£.806 kg/cmz. WIDTH OF STRIPFOCTING 1.20 m.

— Sands {non-cohesive): These are compact and require — Fill: This can be composed of miscellaneous materials,

a pick for excavation. There are silty, micaceous, lateri-
tic and clayey sands.

Gravel, laterites and sands are the principal non-cohe-
sive soils. Their shear strength is frictionat and their
structural properties depend on their density {(close-
ness of packing). The allowable safe bearing pressure
is governed by considerations of possible settlement
under load rather than by strength. These non-cohe-
sive soils are very permeable and subject to seepage.
When sand is wet {seasand along the beach on the
fringes of the water) it is tightly packed and has a very
high load bearing capacity. This was used on one
occasion in Ghana, when a heavy crane which was
used for moving heavy rocks into position during the
construction of the harbour breakwater at the Sekondi-
Takoradi naval base, could not be returned to Takoradi
by road because a bridge was declared unsafe for
crossing along the road. The engineers in charge of the
harbour construction investigated the possibility of
driving the crane over the beach at low tide. This was
done along a stretch where the sand was still wet and
very tightly packed. The heavy crane moved without
mishap along the beach and onto the road behind the
bridge making hardly any impression in the wet
sand.

Silt (fine-grained, cohesive): These are soft soils, easily
moulded with fingers, or firm. There are clayey silts,
organic silts, micaceous silts. They have low shear
strength.

Clays: These can be soft to stiff, hard, brittle and
cohesive. Normally they are relatively unpermeable
and settle slowly under load. They are liable to shrink-
age and swelling and have low shear strength. Clays
frequently contain sulphates which attack concrete
{(made with Portland cement) and aggravate corrosion
of ferrous metals.
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e.g. mineral waste, rubble, organic waste, ect. It is
necessary to pass through any fill with piles to reach
firm strata or use raft foundations for lighter structures.

5.3. FOUNDATIONS AND RETAINING STRUCTURES

Foundations must be designed in such a way that they
meet the following requirements:

— They must intercept loads and forces to which they are
exposed from the building structure {walls, columns,
slabs, etc.) and divert and spread them over an area
large enough to utilize the maximum allowable bear-
ing pressure of the soil. The forces mentioned here are
compressional, tensional and horizontal forces invol-
ving friction and adhesion. Any load should be placed
on the foundation in a balanced way, that is, concentri-
cally to avoid bending moments induced by eccentric
load (Fig. 247).

— They must be strong enough to prevent downward
vertical loads shearing through the foundation (Fig.
248.

— They must withstand the tensional and shearing forces
which are generated by the tendency of the foundation
to bend upwards when exposed to a concentrated load
from the structure above and the opposing resistance
and pressure from the soil under (Fig. 249).

— They must accommodate movements of the ground
due to shrinking or swelling characteristics of the soil
or due to horizontal movements caused by earth-
tremors or earthquakes, or due to soil faults, unstable
ground in areas with mining activities etc. All these
movements can change the stresses within the founda-
tion (Fig. 250).
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As a general rule foundations should rather be laid
deeper than lower, in order to reach good load-bearing
soil. Under no circumstances should foundations be
laid in soil containing humus or any other organic
matter like roots etc. This layer may be much deeper
than the normally accepted thickness of the immediate
top soil (150mm). Even for low-cost houses built with
mud walls it is advisable to build foundations below
400 to 450 mm.

5.3.1 FOUNDATION TYPES

There are four main foundation types:

I. Strip foundations;
Il. Pad foundations;
illi. Raft foundations;
IV. Piled foundations.

A fifth type can be used in locations where the bearing
capacity of the soil is low and the load of the building
structure so great that a raft foundation would have been
chosen but for the fact that the site is not large enough for
the required size of raft to spread the load. In this case a
so-called “Buoyancy” foundation can be used, which is a
basement used like a huge tank on which the building
“floats” (also described as tanked basement, Fig. 251). In
the London clay tanked basements to a depth of 24m
have been used in many buildings (e.g. London Hilton)
containing several floors of underground car parks, ser-
vice installations etc. In many West German towns under-

jni 1T

SPACE USED FOR
SERVICE INSTAL-
LATIONS

F16.251: TANKED BASEMENT OR BUOYANCY
FOUNDATION

ground parking in tanked basements is common in areas
with clayey soils.

I. STRIP FOUNDATIONS (Fig. 252)

These consist of a continuous strip of mass concrete or
reinforced concrete or other material like stones or bricks
which rests on the soil at a depth and width depending on
the bearing capacity and type of soil. This is the common
foundation used for loadbearing wall structures on good
and average bearing soils. Strips may also be designed to
span or cantilever over “soft spots” in the ground.

Fig. 254: Reinforcement in place showing starter bars of a pad
foundation at the U.S.T. Library extension site, 1982.
Architects: ARCHITECTURAL DESIGN PARTNERSHIP,
Accra.
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WHEN CONSIDERING
SHEAR.

PLAN

Il. PAD FOUNDATIONS (Fig. 253)

These are usually square on plan, but may be rectangular
near boundaries of a site. They are from reinforced
concrete in order to spread heavy loads over a larger
area. Pad foundations normally support columns and
piers. They are also used in factories as foundations in
areas where heavy machinery (with one main concentra-
tion of load) is placed (Fig. 254 to 256).

Ill. RAFT FOUNDATIONS (Fig. 257)

These consist of a continuous reinforced concrete slab
under the whole building, taking up all the downward
loads and distributing them over a large enough area to
avoid overstressing the soil beyond its bearing capacity.
Rafts are really two-way strip foundations. They are
used:

— to found on poor and unstable ground, to limit total
settlement and to minimize differential settlements;

— where it is necessary to provide a completely tied-
together foundation system.

Raft foundations are particularly useful in areas of mining
activity, in places where swallow holes might occur in the
soil and in earthquake-prone zones. If soil conditions
necessitate the use of rafts these may occasionally be
supported by short or longer piles in addition.

For large buildings and greater loads the raft can be
stiffened by ground beams under the walls forming an
egg-crate grill under the slab. The space thus created can
be utilized for service installations.

IV. PILED FOUNDATIONS (Fig. 258)

These are used in areas where settlement is greater than
acceptable or unpredictable, but where load-bearing soil
(rocks etc.) is found under the poorer soil at a depth where
the use of piles would be economical. They are also used
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FIG. 257 : RAFT FOUNDATIONS
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5.3.1 DIFFERENT FOUNDATION DETAILS R S
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5.3.1 DIFFERENT FOUNDATION DETAILS
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in areas with expansive or shrinking soil, where the
building has to be founded through water or where
existing foundations must be strenghtened. A system of
small diameter piles is also suitable for small buildings on
a site where expansive soil overlies a hard stratum of high
bearing capacity. In some tropical countries (e.g. Zim-
babwe) aluminium tubes have been successfully used for
such purpose.

Most piling systems are proprietary, they are designed
and operated by specialist firms. New designs are con-
tinually developing.

REINFORCED CONCRETE FOUNDATIONS

If reinforced concrete foundations are used, it is impor-
tant to ensure that the materials used are of satisfactory
quality since the stability of a building depends largely on
its foundations.

— Concrete: For high quality concrete the mix ratio
should be 1 part cement, 1 part sand and 2 parts of
coarse aggregate. For general use in a strip foundation
the concrete mix should be 1:2:4 (1 part cement to 2
parts sand to 4 parts coarse aggregate), but not weaker
than 1:3:6(5) for smaller buildings. Cement for concret-
ing is normally Portland cement, but may be sulphate
resisting cement or rapid hardening cement for special
purposes. Reinforcement steel should be rolled bars
from 6mm to 50mm in diameter according to the
structural engineer’s calculations, or welded steel
mesh.

5.3.2 SETTING-OUT AND EXCAVATION

As already mentioned before the site which is to be used
for the building must first be cleared of all vegetation,
with particular reference to tree roots and stumps. Living
vegetation has a tremendous force, even grass can force
its way through concrete. This can be seen at the shoul-
ders of the Tema- motorway, where thick bushels of grass
are growing between the edge of the road concrete and
the asphalted shoulders.
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Fig. 255: Pouring concreteinto a pad
foundation, 1981.

Fig. 256: The completed pad foundation with starter bars for
vertical column reinforcement, 1981
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The preceding site survey should have taken note of
existing trees and other vegetation on the site. The
architect should always consider the importance of
retaining grown trees on the site if they are not in the way
of the building or even re-site the building, with the
approval of the client, in order to save trees on the site, if
that is possible. The humus-containing top soil must be
removed and placed at a convenient place on the site
from where it can later be used for landscaping. The
approximate area of the building is then excavated to a
depth of about 150mm. Rough profiles are set around the
perimeters of the work. Accurate setting is required, for
even the smallest error can be accumulative (Fig. 259).
Setting-out must especially be accurate for building with
a precast concrete panel system.
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Excavations for structures up to 4-storeys will normally
be done by hand with hand tools in most of the cases,
depending on the conditions of the soil (Fig. 260). A lot of
excavation work for larger structures is done by mechani-
cal means: with scrapers, bulldozers, face shovels,
toothed rippers, trench excavators with small-toothed
buckets on a continuous belt etc.

5.3.2 tic200 . TRENCH TIMBERING

225x40 mm WALING —
PIECE, 370 4m LONG, .
MIN. 1.8 m ‘

On sloping sites it is important to consider the implica-
tions of the plan shape and floor levels for the excavation
and foundations. Fig. 261 shows some proposed solu-
tions for founding buildings on sloping sites. Table 17
shows suitable foundations for different soil types.
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Fig. 262: Gravity retaining wall of stone; Mr. Turqui’s residence,
Aburi, 1980.

Table 17: Selecting suitable foundations for different

soil types:

5.3.3 RETAINING WALLS AND REVETMENTS

Retaining walls are used to retain:

— Solids: Natural soil or fill of varying materials when a
site is terraced.
— Liquids: Sea, river, reservoir walls.

A retaining structure must resist compression, tension,
shear and bending, which are induced by all lateral and
vertical forces to which it is exposed through the active
pressure of the soil (or liquid) it retains. A retaining wall
must be designed in such a way that it is stable, does not
overturn, slide away or issue too large a pressure on the
ground under its foundation.

There are two basic types of retaining structures.

— Temporary Structures: These are retaining structures
which are upholding the sides of an excavation inloose
ground (trench timbering) or temporary steel sheet
piling for a foundation cast below the water table.

— Permanent Structures: Retaining walls and basement
walls (Fig. 262).

Details of basement walls do not differ much from those
explained on the detail drawing shown here. Further
explanations would, however, go beyond the scope of
this book and could form part of a textbook of more
sophisticated construction technologies, listing multi-
storey structures (including tanked basements etc.).

Type of Soil

Suitable
Foundations

Remarks

Clay (with shrink- Piling: Toreach  Downbhill creep

Rocks (including
semirocks e.g.
chalk, shale)

Pads: Forindi-
vidual columns
Strips: Forwalls
orcolumns
closely spacedin
rows

Risk of swallow
holesinlime-
stone and chalk

Sandsand
Gravels (gener-
ally)

Asforrocks: Pads
and Strips

Raft: Forvery
heavy buildings

Foundations
above water
level may settle if
subjecttovibra-
tions

Laterite (porous

soil ranging from
soft, earthy mate-
rial to hard rocky

material)

Asforrocks: Pads
and Strips, when
soft Raft

ageorswelling  hardstratum. may occur on
likely to appreci- Pilesto becon- slopes greater
able depths) nected with than 1in 10.Piles

ground beams

must be rein-
forced insuch
areas.

Fill (existing or
new)

Strips or Raft

Dependson
load-bearing
capacity and set-
tlementrequire-
ments and needs
very careful
investigations.
Foundations
may haveto be
taken downto
firm stratum
below very poor
and variabie fill

Loose Sands and
Gravels (espe-
cially if near
water table

Strips or Raft

Dependson
bearing capacity
of soil and settle-
ment require-
ments

Mining and other
Subsidence
Areas

Thin reinforced
Rafts forindi-
vidual houses

Rafts must be
designedto
resisttensile

with load-bearing forces

walls

Clays and Silts
(except as below)

Pads, Strips and
Raft: Forindi-
vidual columns;
Strips or Raft: For
walls orclosely
spaced columns

Short bored piles
may be advan-
tageous for light
buildings on clay

{Source: “Soils and Foundations: 3" — Building Research

Station, Digest 67, Second Series)

173



MIN. -
600

RETAINING WALLS AND REVETMENTS
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L L-J;/Z PTTTNS o = THESE ARE USUALLY BUILT IN REIN-
k ML ds FORCED CONCRETE WITH DIFFERENT

CANTILEVERS AS SHOWN DOTTED. THESE ARE NORMALLY USED FOR RE-

B FLEXIBLE WALLS:

THESE WALLS ARE DESIGNED INSUCH A WAY THAT
THEY ACT ASA CANTILEVER ,BEAM OR ARCH BET -
WEEN FIXED SUPPORTS.

7.5m.

THEY ARE USED FOR HEIGHTS UP TO

6 PROFORTIONS OF CANTILEVER WALL.

TAINING WALLS OF GREATER DEPTH
AND HEIGHT WITH VERTICAL BUT -
TRESSES AND ADDITIONAL STIFFEN-
ING IN FORM OF HORIZONTAL RIBS.

C

STONE FACING
(SQUARED OR
RUBBLE )

. 5
"/
B « ]
77
—> & — SHEET
J PILING
| I —
BUTTRESS COUNTERFORT

(IN COMPRESSION) (IN TENSION)
FROM "FOUNDATIONS™BY V.C.LAUNDER, MACMILLAN, LONDON .
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C REVETMENTS .
THESE ARE SURFACINGS OF SOIL BANKS
ORCUTTINGS WITH STONES,BRICKS OR
CONCRETE TO RETAIN AND STABILIZE
THE SOIL AND TD PREVENT EROSION.
FOR LANDSCAPING;RESERDIR WALLS.




5.4

NATURAL

gy
"
ll!l““""“""”
gy

MICRO -
| CLIMATE

MACROCLIMATE

SOIL PRESSURE

FUNCTIONS OF THE EXTERNAL
BUILDING ENVELOPE :

STRUCTURAL © TO HOLD UPTHE BUILDING .
ENVIRONMENTAL : T0 ACHIEVE AS NEAR AS POSSIBLE
CONTROL  THE INTERNAL CONDITIONS THE

USERS REQUIRE .

VISUAL TO HAVE A BEAUTIFUL APPEARANCE
WHICH CONTRIBUTES TO A PLEASANT
LAND- OR TOWNSCAPE .

SECURITY T0 PROVIDE SECURITY FOR ITS 0CCU-

PANTS .

ADAPTED FROM"A.J.-HANDBOOK OF BUILDING ENCLOSURE "BY A.).
ELDER AND M.VANDENBERG ,THE ARCHITECTURAL PRESS LTD.,
LONDON .

A building can be compared with a huge envelope enclos-
ing spaces with specific functions for the varying
activities, needs and the comfort of its occupants therein.

This envelope has to fulfil its own functions. As Figure 263
explains, the envelope acts as a selective filter which
separates the internal spaces from the external environ-
ment. Each and every part of the envelope’s structure has
to be designed and detailed in such a way that it helps to
produce, as nearly as possible, the internal conditions in
the building which are required by its users. If this is
achieved, the various aspects of the external macrocli-
mate will be modified to create a more acceptable inter-
nal microclimate. The internal subdividing elements in
turn must be designed so that they reduce sound trans-
mission from space to space to a minimum, that they
provide privacy where necessary and that they allow easy
circulation.

Next to the structural function of the external building
envelope, the holding up of the building, the mostimpor-
tant function is its environmental control. The designer
must be familiar with the local climate in any given
situation, with the prevailing conditions of precipitation,
humidity, air movement, air temperature, intensity of
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solar radiation and light. Careful analysis of climatic data
is required in order to make the correct decisions on:

— Shape, orientation and spacing of buildings;
Plan form and dimension of rooms;

Fabric of walls, floors and roofs;

Size and materials used for doors and windows;
Treatment of external surfaces.

The meteorological services will supply the necessary
climatic data, e.g. monthly mean, maximum and
minimum temperatures, daily and annual ranges of
temperatures and humidity, average duration of bright
sunshine and measurements of rain and wind. Comfort
zones, expressed in acceptable temperatures and humid-
ity, and desired natural air movement (control of ventila-
tion without the necessity of mechanical cooling installa-
tions) have to be established for each area with different
climatic conditions in tropical countries. It has been
observed that inhabitants of tropical areas prefer some-
what higher temperatures than those living in areas with
hot summers and cold winters. In general, comfort limits
are higher for the day and lower for the night.

For each of the climate types which may be experienced
in tropical environments, it is necessary to specifically
design and detail parts of the external envelope.
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Hot, Humid Climate:

Indoor comfort is largely dependent on control of air
movement and radiant heat. Maximum air movement
past the body must be encouraged to ensure rapid
evaporation of sweat from the skin. Solar heat must be
prevented from reaching the building occupants either
directly through doors and windows or indirectly by
heating the structure, then re-radiating the heat to the
occupants or warming the indoor air. The building fabric
which was exposed to solar radiation during the day must
cool quickly after sunset to give maximum night-time
comfort. These requirements call for a light, well-insu-
lated construction of walls and roofs (which should shade
most of the building facades during the most intensive
sun radiation, about 10 o’clock to 16 o’clock), reflective
surfaces, correct shading devices and design for good
breeze penetration {not just at head level when sitting).

Hot, Dry Climate:

Areas with this climate have high day temperature, low
night temperature and low humidity. There are also large
diurnal and annual ranges of temperature with little air
movement except for local thermal winds and dust
storms. The passage of solar heath through walls, doors,
windows and roofs should be slowed down so that it is
out of phase with the daily heating and cooling of the
outside environment. To achieve this the fabric of a
building must be slow to heat up. As little heat as possible
must be permitted to penetrate through external open-
ings. Good shading of walls and openings, “umbrella”
roof design, reflective colouring of unshaded out-door
surfaces and very effective insulative outer construction
are needed to provide indoor comfort during the day.
Maximum night comfort on the other hand requires a
light construction which can cool rapidly after sunset.

Composite Climate:

Buildings in such areas with a combination of the two
climates have to satisfy the needs of the hot dry periods,
as well as those of the warm humid periods. Many of the
requirements and objectives for the hot dry and warm
humid areas are compatible. Where apparently incom-
patible needs arise, it becomes necessary to compare the
length and intensity of various seasons and to study their
detailed features in order to find design data that make an
integrated solution possible.

5.4.1 BASIC DESIGN DECISIONS

I. FOR BUILDINGS IN WARM HUMID CLIMATES:

— Orientation:  North-South  (Northeast-Southwest,
depending on the prevailing winds, if any) for habitable
rooms.

— Layout: Loose and well spaced to allow for air move-
ment through and around buildings.

— Internal Plan: Single-banked rooms to allow for maxi-
mum use of natural cross-ventilation.

— External Walls and Roof: Thin, insulated.

— External Openings: Large, from ceiling to floor (but
protected).

-~ Outside Surfaces: Where not shaded, reflective.

— Internal Walls: Thin, perforated or with fixed timber
louvres, etc.

Special protection is needed against heavy rains (espe-
cially in rainforest areas where rain periods are more
extensive), insects and termites.
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[I. FOR BUILDINGS IN HOT DRY CLIMATES:

— Orientation: North-South for habitable rooms.

— Layout: Compact planning to allow the buildings to
shade each other.

— Internal Plan: Rooms grouped around and opening up
on to courtyards.

— External Walls and Roof: Of dense materials {stabilized
soil, bricks, blocks), insulated, “umbrella” roof design
(See 5.4.7 Roof Structures and Finishes).

— External Openings: Small, to be placed high, together
with low openings to help create vertical ventilation
(stack effect).

— Outside Surfaces: Where not shaded, reflective. Court-
yards to have shaded floors in front of rooms.

— Internal Walls: Of dense materials.

External circulation should, if possible, be shaded. Spe-
cial protection is necessary against dust storms, heavy
thunder storms during the rainy season (normally
accompanied by very strong winds and torrential rains in
hot dry zones with one annual rainy season), insects and
termites.

In tropical areas (which extend roughly between the
Tropics of Cancer and Capricorn and slightly beyond)
walls facing east and west receive most radiation from
the direct rays of the sun and should be protected against
this. Rectangular buildings should be placed on an axis as
near to east-west as practicable with openings for access,
ventilation and light on the north and south (the longer
walls). Walis should be completely shaded where pos-
sible. All openings into buildings must be shaded from
the direct entry of the sun’s rays. Since it is rather difficult
and expensive to completely shade the east and west
walls the buildings should be designed such that these
walls have no openings as already mentioned. Solar
charts are normally available in the meteorological ser-
vices of tropical countries to calculate the angles of the
sun’s rays so that the architect is in a position to design
the correct overhang of the roof structure or shading
devices (See 5.4.6 Sun Shading).

Many houses built with traditional building methods in
tropical countries have been “naturally conditioned” as a
result of repeated cycles of trial and error. They embody
the experience of generations of builders. It is however,
not advisable to simply copy the traditional solutions
which may have been developed under conditions that
have ceased to exist or may have been developed to fulfill
certain needs that can better be met by other means
nowadays. One must also remember that in some tradi-
tional buildings climatic comfort was often subordinated
to other requirements, particularly security. A wisely
used appropriate technology should make it possible to
arrive at better and more economic solutions fulfilling the
“modern” user’s needs and requirements.




5.4.2 FLOORS AND FLOOR FINISHES

This section will describe the lowest floors which can be
built at three different levels, as (1) a Basement, {2) at
Ground Level, and (3) Suspended {above ground level) or
Raised (which creates an open ground floor space) and
the Upper Floors {which separate storeys of a building).

Historically the lowest floor at Ground Level has been the
most common position, from beaten earth with animal
skins or woven mats spread over it, through finishes from
stone slabs, burnt clay tiles on a sand bed, to the concrete
slab on rolled hard-core at ground level.

Recessing a building into the ground, as is the case when
constructing a Basement, creates many structural and
operational difficulties with accompanying problems of
water exclusion. Except in special circumstances con-
struction of basements should be avoided in tropical
developing countries. With the growing urban centres
and rising values of land properties the construction of
multi-storey structures, however, may justify the addi-
tional expense of the construction of basements for use
as storage areas, for service installations or for under-
ground car parking.

Raising a building above the ground level is a characteris-
tic technique of modern architecture, expecially for high-
rise buildings, with vehicle circulation and parking at
ground floor level. In vernacular buildings floors at
ground level were raised as protection against floods,
insects and rats.

5.4.2.1 FUNCTIONS OF FLOORS

I. Structural Support: To provide a level surface which is
capable of supporting people, furniture, equipment and
internal partitions. The floor should safely support its
own weight (dead weight) and any superimposed load.
The floor finish contributes to the support function by
protecting the structural floor surface from wear and
abrasion and at the same time providing a safe surface for
the users.

Il. Environmental Control: The most important function
in this respect is water exclusion from the interior of the
building. One can achieve this with two methods:

— By providing an air-gap (cavity) or a ventilated space
under the floor;

— By providing an impervious barrier in form of a damp-
proof membrane in or under the floor or under the
screed, and a damp-proof course in the external wall at
floor level.

Other functions of the floor, as part of environmental
control, are to reduce noise transmission and to provide
sufficient thermal insulation. Noise transmission will be a
problem in raised and upper floors. In airconditioned
areas floors should be insulated as well as walls to
prevent a gain of heat from unconditioned rooms below
or above. Cold stores must have insulation as an integral
part of ceiling and fioor (as well as wall) construction.

lll. Durability: Another important function of all floors is
that they must be durable. Their life expectancy should be
that of the whole structure of the building. Surface wear
depends on the quality and behaviour of the floor
finishes, that is the selected coverings.
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At ground level there are two types of floors:

— Solid Floors: These are continuously supported on the
ground itself. As already mentioned, the traditional
floors were of beaten earth or natural stones or clay
bricks laid directly on the earth. The modern designer
invariably uses concrete to form a solid floor slab with
a large variety of different floor finishes.

— Suspended Floors: These are supported from the
foundation system (but raised fioors and upper floors
span between supporting structures). If elevated well
above ground level, the space below can be utilized.

The choice between the two depends on:

— The desired ground floor level in relation to the existing
site level;

— The load bearing capacity of the ground;

— The foundation design;

— The anticipated superimposed loads on the floor;

— The availability and cost of suitable back fill.

If the site is flat and the bearing capacity of the ground
good, a solid floor with only a nominal {(normally 150mm
thick) layer of well rolled laterite or hardcore (where this is
available) is cheaper than a suspendedfloor. In areas with
a poor load bearing capacity of the soil, a suspended floor
is the obvious choice, as itis also for piled foundations. In
moist areas with heavy rainfall the ground floor level
should be about 300mm to 400mm above the existing
site level. The required fill in such cases would be rather
expensive. In this case, which will most probably apply to
many areas of tropical developing countries, a sus-
pended floor should be chosen (Fig. 264).

5.4.2.2 SOLID CONCRETE FLOOR

At ground level this has the function of transmitting the
superimposed load directly to the supporting ground,
and in addition spreading point loads so that the bearing
capacity of th