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PREFACE

The world population explosion within the last few decades
has created very serious housing problems especially in
developing countries. In the era of imparted portland cement,
lime, and other cementitiocus materials the traditional practices
of housing construction have undergone serious decline in many
developing countries.

While some countries are still able to import sufficient
foreign construction materials to meet their national housing
needs, there are other depressed countries which are unable to do
80 due to scarce foreign currency resources.

United Nation Agencies and other international donor
organisations have attempted in recent years to address the
problem of inadequate housing delivery in developing countries.

The emphasis in these attempts has been focused on the use
of local wmaterials and wupgrading of traditional construction
technologies through local materials identification, characteri-
sation as well as training of construction artisans.

Introduction of innovative designs taking into consideration
the climatic environments has also hecome an area of special
studies.

The current project funded by the International Development
Research Centre (IDRC) is a contribution to this global effort
aimed particularly at upgrading lateritic housing construction
technologies for the rural poor. Indeed, many similar studies
have been undertaken in other parts of Africa, Middle East, Asia
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and Latin America, to revive and upgrade earth building
construction strategies.

Followving the 10th biennial Congress of the CIB in
Washington D.C., in 1986, the International Development Research
Centre (IDRC) organised a post-congress vorkshop for participants
from 17 developing countries, namely: China, India, Ethiopia,
Bangladesh, Sudan, Peru, Pakistan, Turkey, Egypt, Brazil, West
Indies, Nigeria, Guatewmala, Mexico, Phillipines and Ghana.
Participants from 14 countries including Ghana participated at
the post-congress vwvorkshop at which many housing delivery
problems and strategies for developing countries were discussed.
The possibility of participants presenting project prapasals for
possible IDRC funding were also discussed. At a follow-up
Projects 1Identification Meeting held in Nairobi (Kenya) in
Decemberﬁ 1987, sponsared jointly by the IDRC and the
Commonwealth Science Council (CSC), project proposals in three
earthen hnqsing construction materials areas, namely: natural
stone, brick and tile and rawv earth were discussed and evaluated
at the meeting.

The project proposal on the potential use of lateritic
materials for housing construction in rural Ghana wass accepted by
IDRC for funding. It was a three-year duration project and its
execution wvas undertaken by a team comprisging an architect,
laterite sail engineer, a building construction technologist, as
weil ag land surveyor, soil and construction technicians.

Specialist on the use of =secondary species of timber for
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construction, an engineering geclogist and a s0il pedologist
assisted at various stages of the project execution.

The Inception and First Technical Report of 342 pages (plus
44 pages of 5 appendicesg) was submitted to IDRC at the end of the
first year; thie was followed by the 2nd Technical Report of 354
pages at the end of the second year. The present one which is the
third and final technical report, constitutes the summary of
conclusions of the three (3) year project execution activities
and findings. This report is in 2 volumes; volume 1 (239 pages)
contains the text and referencee; vwhile volume 2 (372 pages)
constainge tables, figures, apd appendices.

The project execution was rounded up with a =sewminar on
*"lLateritic Materials in Rural Housing Construction®* held from 18-
21 May, 1993, in Kumasi, Ghana. The proceedings of the seminar
congtitutes the crucial document on lateritic housing.

The proceedings of the seminar, ig presented as a
significant contribution to current documentation on low-cost
lateritic housing delivery technologies in Weest Africe. Indeed,
the incorporation of inputs of some foreign expert resource
pergone in the proceedings mekes the document a valuahle source
of reference information on lateritic rursl housing construction
in the sub-Saharan Africa.

The project execution vas carried out in six phases:

The first phase involved some additional characterisation
studies on the dominant Ghanaian lateritic materials necessary to
relate to the durability with a view to developing and use of the
lateritic materisls for building construction. The materials
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studied included lateritic stones, boulders, pebhles, gravels
through fine-grained sandy, silty and clayey materials. The tests
carried out on the materials included the standard geotechnical
tests for characterising netural and stabilised materiels and
soils as well as some other non-traditional tests developed
specifically for evaluating lateritic materials. Empirical tests
traditionally used for assessing so0ils for earth kuilding
construction were also briefly discussed. Physico-chemical and
mineralogical studies were also undertaken on selected materials.

The second phase of the study consisted of the assessment of
the performance of existing iateritic buildings in the wmain
climatic =zones of Ghana defined in terms of the so-called
"Moisture Index". Existing lateritic house owners vere
interviewed about the materials used in the construction of their
houses, the age of the buildings, and material samples vere taken
fraom the existing walls as well as the old borrow areas vhere
the builders collected the walling materials. The soils from the
existing wells and old borrow areas were studied for geotechnical
properties in the Institute’s laboratory. The differential
degrees of desiccation of materials in the existing walls and
those freshly dug close to the ground surface posed sone
problems; this problem was partly salved through careful
selection of laboaratory testing procedures. Over three hundred
(300) samples teken from the existing walls and soil borrow areas
in the climatic =zones were examined, tested and analysed. The

objective  here, was to establish some possible relationship
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between the performance of the existing earth buildings and the
properties of the specific wmaterials used in their construction.

The third phase comprised analysis of results of studies in
the first two phases with the view to isolating gcocod, hkorderline,
and poor materials for earth walling in untreated form. It also
provided the opportunity for improving the characteristics
(through wmechanical stabilisation with sand) of materials that
did not wmeet sowme basic specifications, such as particle size
distribution and plasticity and shrinkage properties compared
wvith materiels that are known to perform egatisfactorily in
existing Atakphame, wattle and daub, and adobe block buildings in
a given climatic and drainage conditions. The main process of
improving most of the sub-standard materials was by wmechsanical
stabilisation through addition of missing particles or removing
the oversize gravel particles.

One of the important findings pointed to the strong
relationship that exists hetween the composition of the msterials
and their performance as earth walling materials. For example, it
wvas clear that any attempt to formulate criteria for selecting
suitable lateritic materials or modifying the properties of the
local materials should take into consideration not only standard
geotechnical characteristics, but also such compositional factors
as the chemistry, the mineralogy, etc, which depended to a great
extent on the degree of lateritisation and desiccation of the
materials in profiles in relation to topographic site and

drainage conditions.
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Existing knowledge on genetic features of local lateritic
stones or rocks indicate that two mein types (in terms of +the
main chemical composition) abound in Ghana, namely, the aluminous
and the ferruginous lateritic stones, pebhles, pisoliths and
gravel sizes.

Various attempts have been mede in the past to extract
lateritic stones and boulders for walling purposes in Bhana. The
leteritic stones and boulders were either shaped by hand into
blocks or used a= such for walling utilising either clay, soil-
lime or send-cement mortars. The success of the lateritic stone
cutting process depended to a great extent on the homogeneity,
degrees-of cementation, desicca£ion, degradation and brittleness
etc. of the stony materiasl. The best results appeared to have
been obtained for the soft highly hydrated 1lateritic materials
wvhich vere rather soft at the time of cutting but hardened later
on exposure to air drying.

The ease of characterisation of the lateritic soils or the
processing of lateritic stone into blocks for walling was also
found to depend on the micro and macro structures of the raw
materials.

The project execution in this phase also involved the design
and manufacture of an equipment for cutting lateritic stones into
blocks <for walling purposes. The equipment at this stage is
capable of cutting houlders already sampled from the field;
however, it is expected that the equipment will be modified and
put on wheels to enable builders cut shallow sheets of lateritic
rocks insitu into blocks. Some crushed lateritic stone aggregates
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had been found during an earlier =study to be uéeful for producing
concrete blocks for walling; some of the results of this earlier
studies have also been summarized and presented in this report.

Studiesg wvere also undertaken to improve the characteristics
of the fine-grained highly plastic lateritic clayey soils through
locally produced lime stabilisation. The stabilised materials
vere especially assesesed 1in terms of their response to the
pretest handling effects; namely, mixing time, and woulding
conditions on the one hand, and the strength development,
durability and veathering resistance on the other.

Rav adobe, lime stabilised =0il, and lateritic stone blocks
produced were used to construct exposure walls at Fumesua io
obgerve their response to climatic snd wveather factors before the
caonstruction of some demonstration buidlings vere started; this
caused some delay.

An important aspect of the study vas the assesswent of the
existing design and construction technologies of lateritic
houses. Based upon information collected during the earlier
stagese of the project execution, the project architect and the
materials and foundation engineer looked into the problems of
appropriate foundation design, valls construction and protection
ag well as the effect of building designse on the safety of the
wvalleg against driving rains, wvall protection generally against
wveathering effectse of +the climatic factors, and the use of
locally developed water-proof plasters for earthen walls.

The improvement of foundation design and construction
practices to prevent erosion, and to ensure proper drainage
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through construction of drains, as wvell as determination of
optimum thickness of walls appropriate +to various walling
components and construction technologies (rammea earth, adobke,
goil-lime blocks, and lateritic stone) were also touched aon from
available literature and field experience sources.

Design and strengthening of joints, as means of increasing
the efficiency of construction by utilising detachable and re-
ugable formwork for rammed wall construction were also studied
from relevant foreign literature sources.

The crucial aspect of the project execution was perhaps the
construction of lateritic demonstration residential building as
wvell 82 two demonstration clinice and resource centres through
self-help as major process of technology transfer and training of
the rural artisans. Within short periode some unskilled wvorkers
wére able to mould adobe blocks and erected their own houses,
near the demonstration building sites.

The project team noted with satisfaction that the majority of
those who provided communal labour in the construction of the
demonstration buildings were able to acquire the skills of mould-
ing blocks and erecting earth wallse and were able to put up their
own one to two bedroom dwelling houses at very short periods.

The project team helieves that all that they may need is the
community TEK BLOCK MACHINE and they can hecome nucleus of rural
self-help housing delivery articulatore..

The final stage of the study related to the evaluation of
local and foreign earth building design materials specifications
and proper construction practices for delivering affordable and
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durable earth buildings using tropical earthen wmaterials with
particular reference to lateritic materials that occur in West
Africa. Such problem 8areas as economics of lateritic housing
delivery, institutionalisation of rural lateritic housing
delivery processes and the strategies for developing new building
materiale were also reviewed from local and foreign literature
sources.

THE PRODUCTION OF MANUALS FROM THIS TWO VOLUME REPORT 1IN
SIMPLE LOCAL LANGUAGES FOR USE BY RURAL ARTISANS, RURAL BUILDING
SOCIETIES, AND SMALL-SCALE BUILDING CONTRACTORS SHOULD ENSURE THE
GREATEST IMPACT OF THIS STUDY ON ENHANCING RURAL LATERITIC
HOUSING DELIVERY PROCESS IN THE ECOWAS SUB-REGION.

IT IS ALSO STRONGLY RECOMMENDED THAT IDRC PROPOSES TO THE
CANADIAN INTERNATIONAL DEVELOPMENT AGENCY (CIDA) TO SUPPORT THE
CONSTRUCTION OF MORE RURAL DEMONSTRATIGN CLINICS, VOCATIONAL
CENTRES, AND SCHOOL BUILDINGS, ETC. IN THE ECOWAS SUB-REGION TO
HASTEN THE TRANSFER OF LATERITIC RURAL HOUSING TECHNOLOGY TC

IMPROVE THE WUALITY OF RURAL EARTH HOUSING IN THE SUB-REGION.
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INTRODUCTION

It is probable that about 40-60J of the vorld’s population
live in poor shelter conditions by internstional standards. Thise
is 80 because ingpite of major effortse by nationsal, regional
international institutionz including the U.N. agencies to address
~the problem of inadequate shelter and housing delivery for the
poor, inability to provide decent shelter for the poor in
developing countries remains one of the most challenging problems
facing the vorld after insufficient food delivery to feed the
alarmingly growing vorld population. A special United Nations
Agency has been established to deel with the global problems of
shelter and housing delivery and their relsted problems. Some
international agencies and bodies including the International
Council for Building Research Studies and Documentation (CIB) are
involved in solving the problem and have instituted specialised
vorking comﬁissions to deal wvwith and_advance knovledge on housging
delivery strategies world wide.

In terme of technologieg, modern urban settlement and
housing delivery has each received a fair share of research and
development inputs for the rich urban dvellers. The same degree
of attention could not be said to have been paid to housing
problemg in developing countries wvhere the cost of modern
materialse and construction technologies in the houéing sector
have forced even the rural poor to set aside the local housing
construction meterials and technologiez and are helplessly trying
to use imported materials and housing construction technolbgies
vhich they cannot afférd. Indeed, the housiﬁg situation is

becoming more and more gloomy as a result of vorld population




explogsion coupled with +the drift of the furel poor to urban
centreg 1n search for vork, shelfer and madern style of life in
most developing countries. Within the last tvo decades there have
been considerable national, regional and internationel research
and development activitie= in some key areas in an attempt to
evolve innovative approaches tovards solving the problems of
shelter and housing delivery. Areas requiring paerticular
attention at national, regional and international R & D éfforta
include, socio-economic and cultural studies, revival and
upgrading of traditional architecture and planning, regearch on
housging policy, housing finance, land aquigition &and cost
implications, as well a2 housing delivery strategies adapted to
the wvay of 1life of the beneficiary; development of 1local
materials by simple and transferable technologies, educating the
beneficiary on new obligations2 and responsibilities, seiting up
of small-scale rural industries end ‘artisganal institutions,
insgtitutionsal gtructures for training artisanz as vell as
national commitﬁent to address the housing delivery problems
especially for the henefit.of the rural poor. A major conetraint
in achieving & break through has been the overvhelming flooding
of markets in developing countries with foreign building
materialg and construction technolagies and lack of internal
strength to resist the pressure with alternative materials. Few
countries can afford to continue importing enough foreign
building wmaterials and technologies, and the reality which is
facing economically distressed countries today is the need to
loock within for 1local building materials and lbcally proven

construction alternative strategies, and to formulate systematic



educational programmeg to effect a real change of the present
outlook to overcome the false standards, prejudices and distrust
of local building and construction materials, especially earthen
materiale as alternative housing construction materiels. The
first 8tep 1in evolving any regional or national shelter or
housing delivery policy i=s to identify the housing demands and
needs. The egolution to thizs problem lies in is;lating the
relevant key actors, faectors and indicetors and their.interplays
and to try +to evaluate their importence and relevance. For
example, some of the elgments and factore that need to be defined
at the local, national or regional levele in order to establish
national or regional housing needs and the housing delivery
capacities to meet the current demanda are summarigsed in Fig.
1.1. These basic elements should emanate from seriocus national or
regional gtatistical, sociel, economic and demographic
researches. It ig not the intention in this report to digcuss all
the detailed &actors involved in houeing delivery process. The
objective of the project has been clearly defined, and attempt
has been made to limit the &tudy to the scope of +the project
ocbjective; netional follov up actions can take care of other
agspects later.

World wide, earth building i=2 not new; it i= acknovledged
that it i= the oldest materials for housing construction. For
example, resulta of Archeclogical excavations and information
avaeilabhle from the United Naitone Educational, Scientific and
Culturel Organisation (UNESCQO) sources indicete that the great
civiliaa£ions of Africa, and Latin America thrived on earth

buildings. The present status of Timbuktu is a clear testimony of




this. Indeed, earth building construction has been the realistic
shelter delivery aption for rural housing processes for centuries
egpecially in the tropicael and =sub-tropical countries (e.g.
Government of Belgium and United Nations Centre for Human
Settlements (UNCHS-Habitet, 1984)). The problem of shelter for
the homelegs in developing countries vas one of the three themes
for long discussions a8t the 10th Triennial Congress o¢of the
International Council for Building Research Studies and
Documentation (CIB, 1986) held in Weshington DC fraom 22nd to 26th
September, 1986. The overall theme of the congress vas "Advancing
Building Technology". Under the sub-theme on "Shelter for the
Homeless in Developing Countriea" which attracted delegatez from
moet develaping countries vasz addressed extensively such topics
ag innavative iropical housing research and development, housing
congtruction materials, canstruction technologies, innovative
designe, and praoduction of lov energy earth building components.
Though many alternative building materials are being develaoped,
the available 1literature appears to indicate that earthen
materials pose the leaat problems2 in terma of technical,
financial and housing delivery problems in developing countries
if only =science and technology is alloved to assist end R & D
introduced to upgrade the current traditional sgetlement planning,
earth building design and consetruction technaolaogies (e.g.
Fitzmaurice, 1958; Gaovernment of Belgium and Habitat, 1984; UNCHS
(Habitat) 1986; UNESCO,AUNCHS (Habitat) and CEBTP (France) 1987;
Commonvealth Science Council (CSC) 1985; ESCAP, RILEM and CIB,
1987; CIB (1986, Vole.485); CIB and RILEM, 1983; Mac Henry, 1984;

SKAT, IT and Gate, 1988). Since earth buildings have been the



historical dvelling homeeg of man, the problem of acceptability
does not arise {(e.g. Hammond, 1984) and vhere it arises it has
been removed through education and demonstration use for
construction of public facilities sBuch as vocational training
institutions, vorkshaopsa, schools, clinics, recreational
facilities, religious vorship places, community centres, etc. The
literature is replete with the various construction technologies
available to day for housing construction in earthen materials
te.g., UNCHS (Habitat), 1986; Craterre, 1979; UNCHS (Habitat),
1986; Government of Belgium and UNCHS <(Hebitat), 1984; Hugo
Houben and Hubert Guilland, 1989; McHenry, 1984). Attempts have
also been made to bring together in brochures both old (obsolete)
and modern equipment for earth building materials production
({French Agency for Energy Management, 1987; Murkeji, 1986; UNCHS
(Habitat), 11986; Hugo Houben and Hubert Guillaud, 1989). Though
divers methods of producing earth building congtruction
components and housing construction technologies in earth have
been identified and published (Fig. 1.2, a fev of them have
actually proved feasgsible in terme of economice and practical
application by non-highly qﬁaliiied crattemen and artisans; these
are adobe, vattle and deub, Atakpame and rammed earth. Progress
in modern earth building construction has been slov due partly to
the fact that local Architects refuse to design in earth vwhile
materials engineers and consgtruction technolaogiste are
constrained by the existing building reguletions which forbid
earth buildings in urban areas. For meaningful contributions to

be made +to earthen building construction, there 3i8 need for




science and technolagy 43dnpute in the field of materials
development, innovative architectural designs, settlement
planning &and adequate funding. It ieg extremely desirable +that
modern earth building develaopment prajects should be multi-
disciplinary approached so that socioclaogists, demographers,
physical &and social planners, creative architects, 80il,
foundation and drainage engineers, gtructural and mechanical
engineers will have to work in a team to realise large-scale
schemea. For example, development of appropriate machinea for
prqducing earth building components is far from being resolved.
Most importantly, architectural design of earth buildings should
be recognizsed and taught at the Faculties of Architecture in our
local Universities. For extreme climatic conditions or and ereas
prone to natural disasters such as earthquakes, flooding and
hurricanesa the adverse effects of these natursl disasters should
be dezigned for; ONE PARTICULAR AREA IS TO PLANT TREES TO CONTROL
ADVERSE EFFECTS OF RAINSTORMS AND TQ RECQOGNISE THE CONCEPT OF
LIFE EXPECTANCY OF ROOFS.

There 12 also the need for building instrumentation for
perfaormance manitoring of buildings, results will aseist in
improving current building regulstions, meterials specifications,
standards and codes development and practices as well as clearly
identify quelitative and quantitative impacts of the intrinsic
and extringic indicators and factors including such elements a=s
earth buildings, durability, reliebility, resistance to natural
disasteré, the physicel/bioclogical milieu, extent of promotion of
the soil-plant relationships and environmental hygiene, promotion

of the physical/biolagical enviro-resources, the social milieu,



affordability, acceptebility, and habitability (e.g. Ukot Uma,
1985). The vay in wvhich these factors and parameters inter-relate
and interplay in the earth building delivery process with special
reference to the African circumstences and situation have been
guccintly discussged elgevhere (e.qg. Okot Uma, 1985) and

illustrated in Fig. 1.1.

1.1 COMPONENTS AND OBJECTIVES OF THE PROJECT
Though the project falle under the broad area of “Earth

Technology for Building Construction®, i1t concerns a specific
tropically veathered =so0il group, namely Lateritic Materials,
Thesge are reddish soils forwed vunder specific geological,
climatic and drainage conditions and mainly found within the
tropice of cancer and the capricorn. In terma of scope and
content, the project preszentzs itself as the first phase of long-
term lateritic materials characterisation, including their
improvement and the development of the design (Architectural
degign) construction and maintenance of the buildings.

The overell objective of the research project is to carry
out research and development activities for the resalisation of
liveable and durable 16v income lateritic housesg in Ghana. The
gpecific objectives of the project are azs follovs:

{(a) To carry out some s8tudiees to reconfirm the properties of the
dominant lateritic materialsg from the four climatic zones of
Ghana.

(b)) To evaluate the performance of existing +traditional 1low

income lateritic houses.




tc)

(d)

(e)

(f)

To esgtablish criteria for =selecting suitable lateritic
materials for the congtruction of adobe blocks and rammed
earth walls.

To develop =smell-scele technologies for the production of
lateritic stone and lateritic sgoil-lime locally produced
blocks at affordabhle prices.

To develop improved design and construction techniqueg of
lov income houses by self-help, that are acceptable and
affordable to the beneficiary; snd

To develop =standard specificationg and codes of practices

for the conastruction of lateritic houses, through self-help.



2.0 GEOGRAPHICAL AND DEMOGRAPHIC DATA AND HOUSING STATISTICS ON
GHANA

Ghana occupies an area of approximately 240 square
kilometres, with the population of about 14 wmillion as at 1986.
It is8 one of the small West African countrieas having common
boundaries on the Eastern gide with the Republic of Togo, North
with Burkina Faseo, West with 1la Cote d’Ivoire and South by the
Gulf of Guinea. The location of Ghana in the context of West and
Central African countriesgs ig illustrated in Fig. 2.1. Administra-
tively, Ghana iz divided into 10 regions (Fig. 2.2). %he population
dengity distribution as at 1984 is given in Fig. 2.3, and the
distribution in terme of rural urban dwellereg in the ten (10)
regions is summarized ip Table 2.1.

The average annual population grovwth according to the latest
statistical infarmation (2ee Table 2.2) is araund 2.6%. Like any
other distressed developing country, Ghana is facing acute
housing &ehortage due mainly to inability ta substitute the
imported building materials with locally produced ones. QOne of
the problems2 hindering the use aof local materialzs for building
construction is non-availability of local cheaper and equally
durable subsgstitutes. The country so heavily relied on the use of
very expengive imported building materials which =he cannot
.aiford nowv to import due to shortage of convertible currency. As
a result of the above stated causes the national housing delivery
capacity is unable to meet the needs. For example, in 1984 the
annual housing delivery capacity wvas 28 unite in the public
sector as against the demand for 70,000 units. In 1989, the

delivery in the state sector fell to as low as 12, 000 units. Thise




disgparity in capacity to deliver against the demand hasg caused
the oaccupancy rate of 10 to 9.5 bhetween 1960 and 1970. The
recently published housging delivery Action Plan enviseges the
supply 1level of 133,000 housing units by the =state sector per
annum for the next 20 years in order to meet the totel nationsl
neede. The statistice is feirly ambiguous in whether these
figures relate to the total national demand end proposed supply
action plan or wve are aonly talking sbout the urban situation.
Irrespective of wvhat the figureeg relate to, the information an
the ground indicates that the rural population takes care aof aver
90%4 of their housing needs, but the quelity aof these houseg are
very poor, and recent stormz2 and excessive deforestation have
eliminated protection of the hou=es against the adverse effects
af the driving rain and storms. The resgult is consistent decline
in the rural housing s2tock vhile the paopulation continuesg to
grow. The drastic increase in the laocel market of foreign
building materiale and compaonents, and labour casts betwveen 1978
and 1987 are illustrated in Fige. 2.4 and 2.85.

By 1982, the majority of Ghanaiang had realised that they
cannot afford even tvo bedroom houseg canstructed with imported
building materials. Indeed, the trend of coste aof esandcrete
valled and ;luminium sheet roofed buildings with moderate fitting
levels hsave shot up so much (Fig. 2.6) thst there is the need to
look within for alternative lacsl building materials, design
optionz and canstructiaon technolagiea. The resgearch findings aof
the Building and Road Resgearch Institute which have been totally
ignored in +the past are beginning to attract acceptance far

application in lawv income housging. Simple demonstration building
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praojects and comparison of prices have established (fig. 2.7)
that earth buildings can be very valueble substitutee as long as
they can also be relstively durable. However, the high cost
gaving in wvalling characteristic of earth buildings cannot be
applicable tao both timber framed houses (fig. 2.8) due to the
~high cost of pracessing the vwood into building components. There
is also an unjustifiable prejudice against timber housesg in terms
aof their susceptibility to fire burning themn, or subterrenean
termites destroying them. Research findings available indicate
that these prejudices 8are unjustifieble. The attractive
alternative of using burnt bricks is yet to take root due to the
high cast of the bricks and the high lasbour cost of laying the
bricks since it is time consuming and hence expensive. The rural
valling and roofing materials utilization positions ez a8t 1960
(Ministry of Works and Housing, Housing Conditions Census for
1960) seare illustrated in Tables 2.3. In the National Housing
Policy and Action Plen (1987-1990; Ministry of Works and Housing,
1986), targets for various building meteriasls development as well

as the cost implicetions are summarized in Tablezs 2.4 and 2.5.

11

T BT T




3.0 ELEMENTS OF THE NATIONAL HOUSING SITUATION AND NATIONAL
ACTION PLAN FOR THE PERIOD 1997-2005

The existing situation in termse of actual and projected
housing delivery outpute by the private and the state sectors sre
summarized in Table 3.1. The proposed strategies and generation
of resources to deliver the required number of housing units are
also given ag follows (Ministry of Works and Housing, 1986):

{1) Delivery Target Groups

i. Lov Income Group
ii. Medium Income Group
iii. High Income Group
iv. Special Groups like hospitals, prisons, military, etc.

(Z2) NMaterials Development Programme

Government to encourage development of the following
building materials {through investment incentives) and
strengthening of the laboratories and materials production
capabilities.

a) Roofing Materials
b) Structural and Masonry binders (cement, lime, pozzolana)
c) Walling Meteriele (clay and stebilized =so0il brick and block)

d) Primery Finishing materials.

(3) MNManpover Development
a) Educational Ingtitutione dealing with building. to be
revitalized to produce adequate gkilled personnel; BRRI,
FPRI, DHPR(UST) to organise in-service training programmes.
b) Human Settlement Training Centre for middle level personnel

to be revitalized

12



(4) Research and Development Needs

Major areas to be given sgserious future attention:

a) The improvement of lovw level rated materiale;

b) Settlement/erosion control and construction of prototype
houses;

c) ldentification of local sourcee of structural and masonry
binders;

d) Building cost information studies;

e) Building construction practices improvement studies;

f) Standardization oi.building design components;

g) Increassed utilization of timber in building.

Note in Tables 2.4 and 2.5 (Chapter 2) +that 1in the
projectiong for meterials development and production requirements
for the construction of sufficient number of houses, local
materials ‘development has not received significant anticipated
inputs. Indeed, it i& not mentioned at all with what type of
materials ve hope to attain the rural housging delivery targets.
Apart from local timber and timber components, 1lime, pozzolana
. and brick production promotions, no mention has heen made of say
the use of natural stone, and the abundantly available lateritic
materialse as viable =sources of local building materials
development. It is 1in the 1light oir thie omission and the
potentislities presented by lateritic materialg utilization for
local building meterials development and production that the
*lLLaterite Housing Project" presents itself as a potential means
of providing rursl low cost walling and perhaps roofing materials

alternatives2 in the national rural housing delivery plan not only
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on sghort-term or adhoc basis but also as materials that need to
bhe studied further for the production of new low energy housing
congtruction materialeg in the future, given adequate inputs for
increaged R & D work to be carried out in the national Research

and Development institutions.
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4.0 REVIEW OF DEFINITION AND NOMENCLATURE ON LATERITE MATERIALS

Lateritic materials are the most common reddish tropically
veathered so0ilse and pedogenic surface depositse occurring in
Australasia, Africa and South America yet wider differences of
opinion exist in regard to their identification and classifica-
tion than for any other soil type. The existing chemical,
morpholaogical, geologic-pedological and geotechnical information
cohcerning lateritic materials indicate that the terminology used
to describe them is not standardised and, consequently, numerous
inconsistencies have developed in the identification, classifica-
tion and naomenclature of these lateritic =soils.

The literature on tropical weathering and the formation of
lateritic materiale 1s2 concerned mainly with the chemistry,
morphology and the mineralogy of the processes. The complexity of
the subject ies reflected not only in the extent of the literature
but also in the wide differences of opinion even oaver such basic
question ag the definition of laterite.

The term "laterite" was apparently first suggested by
Buchanan (1807) to describe the reddish ferruginous, veeicular,
ungtratified 8and porous material with yellaow orchee occurring
extensgively in Malabar, India. The freshly dug material was soft
enough tao be cut into brick/block wvith 1iron instrumente but
rapidly  hardened on exposure to air and fairly resistant to the
weathering effect of climate. This material was locally used as
brick for building and was hence called "laterite" from the latin
word "later" meaning brick.

Fermor (1911) developed a comprehensive system of nomen-

clature aof laterite soils aon the basis aof the relative contents
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of the‘ go-called laterite constituents (Fe, Al, Ti and Mn).
Similar chemical nomenclature was proposed by Laecroix {(1913), who
divided lateritic materials into (a) true laterites; (b) =ilicate
laterites; and (c) lateritic clays.

Alexander and Cady (1962) defined lateritic materials as
followsa: *Laterite is2 & highly weathered material, rich in
gsecaondary oxides of iron, sluminium, or both. It ies nearly void
of bages and primary silicates, but it way contein large amounts
of quartz and kaolinite. It is either hard or capable of
hardening on exposure to wetting and drying".

In terme of textural characteristice some authors confined
the term "laterite" to one textural group of these materials. For
exémple, Nixon and Skipp (1957) suggested that only the concre-
tionary coarse materiale sghould be called laterites, while +the
fine-grained materimls s8hould bhe referred to as red clays or
latogolae. Nanda and Krishnamachari (1959) on the other hand have
restricted the term "laterite" to only the massive cancreticnary
rock-like materiels alsa knaown es cuirasse (Remillon, 1967).

To aovercome the problem of defining lateritic soils
texturally,‘ Nescimenta (1959) suggested the use of the term
"lateritic®™ in conjunction with the standard grain size groups.
This appears to be fairly sound because all lateritic materials
though very variable and erratic texturally, do contain all soil
fraction gizesg; boulders, cobblesg, gravel, sand, =2ilt, and clay
as well as the massive cancretionary stanes.

Apparently, +the problem of defining lateritic materials is
very complex defying agreement among geologists, sgoil scientisats,

and go0il engineers. Though it ie important to recognise the
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difference between lateritic and non-lateritic materialzs and
further to recognizse the difference hetveen types of lateritic
materials, the real consideration for identification and
evaluation of the=se materials for engineering purposesg 12 not
"vhat is it name" but wvhat are the =significant geotechnical
characterigtice and engineering behaviour (Vallerga et al. 1969).

Ta overcome the above indicated difficulties, Peck {1971)
praoposed the term "reddish tropically wveathered materials"
irrespective of the details of the degree of their wveathering,
and irregpective of the presence or absgence of concretionary
crusts or culrasses.

Hovever, for the purpose of this study, the term "lateritic
s80il" "laterite scil" or "lateritic materials" are used to
describe all the reddish residual and non-residua; veathered
materials which genetically form & chain ranging from decomposed
rocks, through clays to the sesquioxide rich concretionary
staonea. Such &a definition would include four of the Great Soil
Groupe defined by Thorp. and Smith (1949) as follovse:

(1) the reddish brown lateritic scils

(2) yellowish brown lateritic soils

(3) lateritic =scils, and

{4) groundwater lateritic =soilse
The first three are zonal scils of forested werm and tropical
regiong with vell-developed profiles in which the dominating
influences of climate and vegetation are expressed. The ground-
vater lateritic soils is an intra-zonael =o0il and the profile
shove the influences of imperfect to poor dreinage and great age

on the praocess of s0il development. Genetically, tvo typea of
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laterite materiale have been identified in Ghana in terms of
chemical characteristics.

At one end is the continously wet climatic =2zone aluminous
(bauxitic) materials 8and eat the other end wve have the dry or
alternate dry and gemi-humid climatic zane iron rich
{ferrugenoug) ones. Each of the two groupes exist in a large
succeggion of reddish materiels of weathering starting with fresh
rack end ending with sesquioxide rich pedogenic rock. Changes in
the phyesico-chemnical veethering processes are accompanied by
chemical, mineralogical and phygical transformations; these
procesgeg come under the termeg weathering s8and evoltion of
lateritic soils.

The term “laterite® or ‘“lateritic® 8as used in thie
publication is therefore neither definitive nor indicative of any
chemical, phyesical or morphological characteristics vhatecever,
the key perameters are the genetic and geotechnical characteris-
tice which influence materials behaviour in buildinge in relation
to given environmental conditions. Of all the materials occurring
in the tropical belt the reddish lateritic materials constitute
the most abundant, and they have attracted considerable pedolo-
gical, gealagical and in recent years, geotechnical
investigations. The pedological and geological studies have
provided very usgeful background information for the engineering
investigationg and utilisation of these materials in building and
road constrgction. The geographical distribution 61 thesge
materials has not to-date been fully defined but some information
availeble indicate that for the time being their major glaobal

location areas are as given in Fig. 4.1.
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Africa has a fair share of the distributioin of these
materials as shown in Fig. 4.2. Note that it occupies & vide area
of West. Africa alsao and therefore has great potential for
economic uge. Considerable investigaetions and literature studies
have given broader and finer definition of the distribution of
these reddish soils formed over different parent materials under
wvide gecographical and drainage conditions in West Africa. This i=s
the result of a major work published on West African soils <from
pedological viewpoint and published elsewhere (Ahn, 1970). The
morphology and topography have been found to be very useful taools
in locating construction materials and soils. In the case of
locating lateritic meterialse geaomorphology has been particularly
helpful.

Geomorpholeogy which is2 concerned with landform, materiale
and their related processes, together with climatic conditions
congtitute a very wuseful tcool for regional or local field
identification and location of soils and other constructional
materials. Geomorphological map portray2 the formse of the
surface, the nature of properties of the materiale of which these
are composed, and indicates the kind and magnitude of the inter-
related processeg of climate, geology, eo0il forming processes,
engineering geological and pedological featureg all of which are
ugeful for proper integrated regionel economic development
proceses. Indeed, geomorpholagical maps alsc provide an integrated
and comprehensive statement of landform and drainage. They
contain information of considerable value in land use relating to
development planning, hydrogeclogical, civil, foundation, highvay

engineering a2 well as earth building technology development.
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Within the tropical belt, Bunting (1965) used climo-
geomorphic concepts to map genetic soil types. The same tool has
been used with considerable success by Maignien (Maignien, 1966)
to map laterite materials in West and Central Africa and to
identify them in terms of textural, morphological and chemical
characteristicse (Table 4.1). Laing (1964) also used aerial photo-
graphy to identify these materials making use of such indicators
as topography, drainage, erosion pattern, grey tone and
vegetation. Thie sllowed the laterite materials to be identified
in termse of texture and for predicting the environmental implica-
tions of their exploitation and use in the development processes.
Though chemically, various types of lateritic materials have been
reported in various parts of the world (e.g. Gidigasu, 1976) two
types appear to be predominant in West and Central Africas,
namely, the aluminous and the ferruginous types of lateritic
materials. The main features of the two types of lateritic
material occurring abundantly in West Africa are summarized in
Table 4.1. These materials differ also in some respects in terms
of geotechnical characteristics and engineering behaviour.

The most single property for identifying lateritic materials
is colour. The specific colours of lateritic materials have been
identified with mineralogical composition (Table 4.1); micro and
macro structure development has also been noted as playing
important role in the morphological and geotechnical characteri-
sation of lateritic materials. Though not specifically for
lateritic materials, the main processes involved in the
development of =so0il structure generally in relation to the

environment and forming factors have been discussed by Mitchell
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{1976) who summarised the processes of =s0il structure development
in Fig. 4, 3. It has indeed, been realised thaet the fundamental
engineering behaviour of most residuel tropicel soils and
pedogenic materials depend to a great extent upon thé nature of
the micro/macro structure of the maeteriel (e.g. Mitchell, 1976;
Townsend et al, 1969, 1971; Wallace, 1973; Lohnes and Daniel,
1973).

The mineralogical and chemicel transformetions associated
with the formation of lateritic materials have also been studied
by many geologists, pedologistse, geo-chemists and so0il-
mineralogists. In recent years, attemptse have been made to
rationalise the mineralogical processes of lateritisation and,
though few agree on a single hypothesis, the proposal made by
Schellman (1979) appears to have =some promise (Fig. 4.4). The
varioue processee of weathering of natural rockse and transforma-
tion to lateritic materisele have also been shown to have
gignificant geotechnical implications. For example, the physical
process of lateritisation in the West Africen environment is
summarised in Fig. 4.5. Lohnes et a1l (1976) have established some
relationships between the stages of lateritisgation processes and
the implications in terms of variations of some significant
geotechnicael properties (Fig. 4.6). Thig conetitutes very
valuable contributione to pedologicsal lateritic materials studies
for engiheering application.

Lateritic materials have been reported to be of pedogenic in
nature and differ significantly from the natural temperate =zone
materials. In the =same group of pedogenic materiels are such

materials as calcretes (Netterberyg, 1971y, gilcretes and
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ferricretese, etc. te. g. Aitchison and Grant, i967). The main
differences between the natural soils and pedogenic materials are
illuetrated in Table 4. 2. Fermor was one of the first to attempt
the clasgification of lateritic materiale for geological and
pedological purposes ueseing the chemical featuree as the criteria
(Table 4.3). To illuetrate the diversity of chemical composition
of lateritic materials, Table 4.4 has been reported (see Prescott
and Pendelton, 1952).

Another contribution to the characterisation of lateritic
materiale related to their resgponse to degree aof dehydration by
heating, and consequent loss of wveight. Typical minerals in
lateritic méterials have been identified through dehydration
curve characteristice (Fig. 4.7). Differential thermal studies on
lateritic materiale have also revealed interesting results, some
of which are shown in Fig. 4. 8. It has been amply shown that
lateritic materiale are unique materials with characteristic
morpholagical, colour, structure, chemical and wineralogical
compogition. Fig. 4.9 illustrates an attempt to classify tropical

pedagenic gtone characteristics.
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5.0 FORMATION AND DISTRIBUTION OF LATERITIC MATERIALS IN WEST

AND CENTRAL AFRICA.
5.1 CLIMATE AND VEGETATION OF . - WEST AFRICA AND GHANA

Data on the rainfall, temperature, vegetation and relative
humidity of West and Central Africa including Ghana are
summarised in Figs. 5.1 to 5.4 and Teble 5.1. Note that in the
case of BGhana the distribution of vegetation types appears to be
a function of the rainfall distribution pattern. In the coastal
savannah zone rainfall distribution is below 1000mm per year;
values of 1000mm-1400mm per year mark the deciduous voodland
savannah =zone, 900mm-1650mm per year for the semi-deciduous
forest zone and greater than 2000mm per year characterise the wet
trdpical rain forest. However, these are not definitive of the
climate and Thornthwaite (1948) has proposed a more rational
clasgification in +terme of moisture inde:x. The latter i1is a
parameter calculated on the basgis of rainfall, temperature,
prevailing wind, vegetation caver, evapotranspiratian, and
water shortage capacity of the soile and is a measure of the
overall availability of water to soil. Average valuesg of the key
environmental/climatic conditiong are summarisged in Table 5.1.

From monthly figures of precipitation and evapotranspiration
it is possible to indicate monthly conditions of water surplus
and deficiency, while +the potential evapotranspiration is
calculated on +the basgis of wmean monthly temperature. The
Thornthwaite Maoisture Index (MI) is then calculated from +the
following expressian,

MI = 100 5D - 60 = d
=Ep
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vhere D = monthly surplus of wvater, d = monthly deficiency of
vater (inches) and Ep = monthly potential evapotranspiration
{incheg). Thornthwaite has classified climatic type in terms of

moisture index as followe:

Perhumid 100+
Humid 20 10 100
Moist sub-humid 0 to 20
Dry sub-humid | =20 to O
Semi-arid =40 to -20
Arid -60 to -40

Heving determined the moisgture index of limited reference
stationse it waes posesible to produce a map showing moisture index
zone boundaries. Note +that moisture-index map (Fig. 3.3
correlates <fairly wvell with the climatic vegetation map (Fig.
5.3, and hence justifieg the use of the climatic vegetation map
ag a basis for identifying laterite weathering conditions and
nature of the lateritic materials. The climatic zones influence
the distribution of lateritic =oils in Ghana and also influence
the traditional architecture and construction technologies of

earth buildinge in the various parts of the country.

5,2 GEOLOGY OF WEST AND CENTRAL AFRICA

In order to have some idea on the digtribution of laterite
materialse in Ghana, it 1is8 necessary to start with s=ome
informetion on the parent rock types. Most of the important rocks
are regpectively gneiss, granites and phyllites, and granite,
sandstone, ghales and mudstones. The morphology and yphysical

features have been showvn (e.qg. Maignien, 196¢6; Ahn, 1570;
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Brammer, 19¢2) +to bkbe primearily responses to the geologic
structure and the rock types. For example, most of the hills and
ranges consist of hard resistant rocks such as quartzites,
vhereas the valleys and lower grounds are carved out of softer
rocks such as shales, sandstones, phyllites and schigts (Bates,
1962).

The simplified geological map of West and Central Africa and
and in more detail of Ghana, are shown in Figs. 5.6 and 5.7. HNote
that the geological system of West Africa is generally vuniform,
and given the =same environmental, climatic and drainage
conditionsg one would expect the formation of similar 1lateritic
materials (e.g. Ahn, 1970).

5.3 SOIL FORMING PROCESSES AND NATURE OF LATERITIC

MATERIALS IN GHANA

The nature and genetic characterigtics of lateritic
materials in Ghana are influenced mainly by the environmental
factors such as climate, geology, geomorphology, and drainage
conditions, all of which determine the nature of the profiles
(morphology), the physical features, the chemistry and mineralogy
of the soils. For example, the nature of the rock determines the
texture of the so0il, while the internal drainage conditions and
nature of the mileu (pH) determine the chemistry, the mineralogy
and the physico-chemical properties. West African soils formed
over basic igneous rocks in arid environment and poorly drained
areas have a characteristic black and brown colour with the clay
mineral being predominantly montmorillonite (Stephen, 1953; Nye,
1954, 1955). These soils are heavy and plastic when wet, hard and

.compact wvhen dry, cracking to varying depths depending upon the
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proportions of the montmorillonite clay mineral present and the
differential dessicating forces. Soils formed in high rairnfall
humid climatic =zones over ignecus and metamorphic rocks are
subject to intense leaching, leading to the end products
comprising of highly compressible clays and loamy soils.

In granite areas of the wet sub-humid to dry sub-humid
climaiic zones the leaching out of soluble feldspar and colloidal
matter from the decomposed rock promote the formation of soils
exhibiting collapsible structure.

The broad weathering conditions defined mainly by parent
rock ‘type, the climatic and dreinage conditions form a sound

basis for characterising Ghanaian soil systems.

5.4 SOIL GENESIS AND EVOLUTION OF LATERITE MATERIALS IN GHANA
Various environmental factors intervene in the genesis and
evolution of soils. The chemical processes of a residual laterite
weathering of a biotite - orthoclase-quartz-rich granite under
the acid soil conditions of the moist sub-humid climatic zone of
Ghana 1is given in Fig. S.8. It has been established that
topography and drainage condition play significant role in
laterite so0il formation in Ghana. Two theories of primary and
secondary vweathering (laterisation) have been proposed for the
two types of laterite soils found in Ghana. One of these (Cooper,
1936) involves the removal 1in solution through 1leaching of
combined silica &and bases with the relative accumulation of
sesquioxides. The other concept (Hamilton, 1964) (Fig. 5.9)
attributes the formation of laterite profiles to the wupwvard

movement of sesquioxides with underground water to form
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high-level laterites and the lateral movement of sesquioxides
with ground water to form middle slope laterites and again
lateral movement of sesquioxides downslope to form low level
laterites. Studies (Bhatia, et =ail., 1970, and Gidigasu and
Bhatia, 1971) of lateritic soil profiles suggests that both
theories have validity and depend wupon the source of
sesquioxides, local topography and internal drainage conditions.
Very important alsc is the development of so0il structure. The
laterite materials formed in West and Central Africe appear to be
stable under the following conditions:

(1) availahility of sesquioxide-rich parent material

(2) average annual rainfall of around 1000mm or more

(3) existence of neutral or acidic soil conditions

(4) good internal drainage and soil permeability; and

(S) alternate wet and dry season.

The processes of lateritisation thus involve chemical, mineralo-
gical, structural and morphological transformation of the parent
rocke through =o0ils to lateritic stone and this involves certain
geotechnical implications. The main changes in geotechnical
properties induced by lateritisation processes are summarised
earlier (see Fig. 4.5) and specific geotechnical characteristics
resulting from this for Ghanaian so0ils have .been revieved
elsevhere (e.g. Gidigasu and Kuma, 1987). The distribution of

lateritic materials in West Africa i= shown in Fig. S5.10.

5.5 MORPHOLOGICAL CHARACTERISTICS OF LATERITE SOILS IN GHANA
Laterite profiles are characterised by 4 main horizonsg as

follows. Generally, a humus-stained topsoil varies in thickness
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from 7mm to 25mm, according to the climatic-vegetational zone and
local topography. The B-horizon is a zone of accumglation from
the A-horizaon during the rainy season and the C-horizon in the
dry season through evaporation. In the laterite areas the B-
horizon is rich in sesquioxides (mainly Al,0z and Fe;03), and
in the tropical clay profiles _it contains calcium-carbonate
concretione. The B-horizaon varies in thickness from sbout 0.6m in
the middle slopes aof the local topagraphy to aver 10Om of old
laterite stones as peneplain remnant plateau aurfaces; The C-
horizon is essentially one of veathered parent rocks from wvhich
soluble minerals are maved up to the B-horizon. While it barely
attaing 3m over sghales in the arid climatic =zane, it exceeds 50m
over granite and phyllite in the humid zone. The D-horizon is the
unveathered pafent rock. A typical lateritic s0il profile is
illustrated in Fig. &S.11. The variation of so0il colour vwith
local topography and the general morpholaogical, chemical and
mineralogical characteristice of the pedologicel great =soil
groups identified in Ghana are reported elsewhere (Hamilton,
1964; Brammer, 1962; Ruddock, 1967; Gidigasu, 1976, and Gago,
1990); these are shown in Fige. 5.12 and 5.13. In order ta
minimize the effect of depth factor in the study, the samples
vere taken from depths which did not exceed 3m below the ground
surface wvhere the degree aof dessication wvas assumed to be nil or
approximately the same. Local taopography exerts a strong
influence upon the nature of soils. For example, upland =soils
generally are residuals and more reddish whereas the valleys and
lovlands are covered by non-residuals and less reddish materials

(Gidigasu, 1976). Mature laterite materials consgstitute another



genetic so0il group and is either upland residual (primary)
laterite or lowland sesquioxide-impregnated {secondary or
terrace) non-residual crusts. The chemistry and mineralogy of the
lateritic materiels also vary with topographic situstions (e.g.
Nye, 1955). The chemical characteristicse of lateritic materials

are illustrated in Fig. S.14.

5.6 BASIC GROUPING OF SOILS IDENTIFIED

On the basis of field studies and preliminary laboratory
examination of the texture and structure of the most important
genetic so0il types present in Ghana, lateritic materials were
grouped genetically and texturally as shown in Fig. 5. 14. Among
the fine-grained soils which were not considered in the study are
non-laterites, collapeible sands over sand-dune formatione pedo-
logicaelly known as regosols (Brammer, 1962). Also freshly
deposited silty clays in the coastal lagoons and the organic pans
or peats occurring in regosolic profiles were omitted from the
etudy. The purpose has been to concentrate on the reddish
lateritic materiels which occupy about 704 of the surface of
Ghana {(e.g. Brammer, 1962) as forest oxysols, forest and savannah
ochrosolse and groundwater laterites. For the fine-grained =soils
the degree of laterisation and desiccation -can be roughly
assegsed wvisually on the basis of colour and structure (e.qg.
Coleman et al, 1964; Coleman, 1965). For the purposes of further
geotechnical evaluation, lateritic materials identified in Ghana
have been genetically grouped into three categories as shown in

Fig. 5.15 and Table S5.2.
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6.0 EARTHEN BUILDING MATERIALS IN RURAL GHANA

6.1 NATURAL STONE AND BOULDERS

Rock boulders and cobbles constitute important building
congtruction materials in some rural areas of Ghaena. This applies
mainly to quartzitic and granitic rock areas along and within the
Akwapim, the Tarkwaian and the Togo ranges. Clay has been used
traditionally as mortar but recently cement or a mixture of both
have replaced clay for raising walls with natural stone pieces
{Fig. 6.1). A number of church buildingsa have alsoc been built in
the country applying more scientific methode of cutting rocks
into blocks &and wusing sand-cement mortar. As regards the
traditional use in the rural areas there is scope for scientific
intervention to improve the gite preparation, the foundation
type, the raising of the walls and the maintenance of the ground
around the buildings through, gay, providing concrete apron or
gragging the compound to stop excessive erosion. The areas where
stone materials are abuﬁdant erogion of the foundation iz2 a major
problem. United Netiong Industrial Development Organisation
{UNIDO) <(Shedmon, 1975) undertook a feasibility study into the
use oaof cut rocks for general construction in Ghana and the
preliminary =survey revealed that it had great promise. Indeed,
UNIDO sent rock winning equipment for primary =studies to be
started and this was to be followed by @ +training scheme far
artisans and craftsmen {(rock cutters and stone block layers) ta
promote the use of dimensional stone especially in urban housing

conastruction, however, there was no follow up.
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It appeafs that thig area deservesg further resgearch and
development activity but is obviously outside the =scope of this
programme. The main constreint to the use of natural stone blocke
ig the potentiel danger of rapid weathering of some of +the
igneous rocks in the walls and the washing away of the clay
mortar. Scientific investigation of the quelity of rocks that
should be used to ensure long term integrity of buildings in
Ghana, should, however, be considered as a separate project, =say,
by the geological section of the Building and Road Research
Institute.

It would appesar, however, that natural stone meteriels are
groeely under-utilized. Coneidering the lerge and eabundant
market, it is important to enter into this field without delay;
Large reserves of natural stone suitable for building construc-
tion have been obsgserved and are reported in the memoirs of the
Geological Survey and other international bodies (e.qg. Shadmon,
1975). The preaenﬁ shortage of cement, and the increasing prices
of residual o0il to fire clay bricks, make it imperetive for
Ghana’s2 housging construction industry to use the great potentiel
that can be provided by a well-plenned exploitation of natural
stone reservesg. Shadmon (1975) proposed the setting up of a stone
centre attached to the Building and Road Research Institute 1o
provide an eawvareness of the potential and importance of =tone
resources. The Stone Centre waz to demonstrate modern exploita-
tion, quarrying, processing and marketing methods now available
for development of these natural assets both with the simplest
possible equipment and, wvhere required and necessary, most

sophisticated production methods.
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The eservices of such a Stone Centre would be available to
the industries as well as to the Government according to their
specific requiremente; for instance, on the one hand for quality
control for the benefit of industrial interests, and on the other
hand for legislative and inspection purposes required by the

sgtate.

6.2 WATTLE AND DAUB

Perhaps the most popular rural housing technology in the
cocoa and other casgh crop groving areas of Ghana is the wattle
and daub built by the farm labourers in the poorer regions or by
the migrant labourers from the neighbouring countries. The vall
construction method consgiste of a network of bush sgsticks or palm
branches tied horizontally to larger polee vertically fixed to
the ground, with wetted so0il (generally clayey so0il) used to f£fill
the gaps in order to form a vall and provide finished walls
surface. The roofing materials are either thatch, palm branches
or cocoa leaves, etc. A typical vattle and daub walled bhuilding
i sghowvn in Fig. 6. 2. Thiz method of construction has its
limitations =esince it involves the depletion of bush sticks which
may later form larger trees for use ags fuel or construction
timber in the current drive to use secondary species of timber
for housaing in Ghana. In termg of durability it is perhaps the
veakegst earth building type and in areas2 vhere rainstorms are
frequent thef are unable to stand them. Hovever, in the more arid
and drier areas vhere forest and or vegetation constituie wind
brake to protect them from the severe windy storms the housea:

could live up to between 30 to 30 years (Gidigasu, 1987e). The
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main hazarda here are termites which destroy the vertical and
horizontal wooden or bamboo network and cause the building to
collapse. Severe rainse alsa soften the walls and do cause
erosional degradetion to the eaerth foundations. The more durable
and perhapg sophisticated traditionel rural earth wvalling
technolagies are the Atakpame and the adobe systems. Rammed earth
walling has been tried in isolated places but abandoned because
of the problem of advaenced formvwork production as eagainst the

comparatively eagy methodse of raiging Ataskpame and edobe walls.

6.3 ATAKPAME ANRD ADOBE BLOCKS

For the purpose of this study Atakpame walling is a process
in which raw =0il is thoroughly mixed with water and sgkillfully
uged manually to raise walls by average lifts af 0.3m folloved by
another 1layer when the first one is dry enough ta support the
next 1lift. History has it that Atekpeme and Adobe vwere used in
1100 A.D. in the conatruction of the then Centre of African
learning &and civilization in Timbuktu and zome of the two or
three-storey buildings constructed with these materiels are still
standing todﬁy.

Apparently, Africen housing construction tradition ies
basically so0il based. There has beeen no problem with acceptabi-
lity of this type of building because they have evolved from
wvithin historically and research should be aimed at upgrading the
planning, desgign, construction and protection aspects azs well a=s
providing water and other sanitary facilitiesas to' improve the

quality of rural life in Ghena.
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As regardse the 1reliability &and durability, =some of the
crudest construction using these materials have been in existence
in Ghana for over &0 years (Fig. 6.3) especially in the dry semi-
arid to dry sub-humid climatic zones. They also perform fairly
satisfactorily in the wet sub-humid and humid areas except that
their 1life-zpan is shorter due mainly to the adverse effecte of
erosion forces of the high driving rainfall.

Any contribution to low-caast housing in Ghana should be
geared toward promoting Atakpame, adobe, rammed earth and local
lime lateritic materials products (blaocks and bricks). The wmoat
crucial area requiring attention is of course, the upgrading of
Adobe and introduction of rammed earth for walling. What needs to
be done 1is to ;pproach the problem more scientifically and to
develop, degign, construction and maintenance specifications for
the wvwalls, the foundations and the compound of the houses.
Contrasting appearances of poorly built, unplastered and
unpainted and +technically planned and properly caonstructed,
plastered and painted Atakpame and Adobe buildinga abound in
Ghana to show that appropriate technology inputs is all that is
required.

It is obvious that comfortable houses can be praduced from
Atakpame and adobe walling technolagies by introducing expertige
training into the field to upgrade the design, construction, wall
protection and maintenance strategies.

Indoor climatic studies should also be undertaken a2 there
is evidence that Atakpame and adobe houses are cooler, this is a

blessing ta the rural poor wvho can only afford +to build with
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lateritic materials which ere sgsuiteble goil deposits for thise

purpose in many West and Centrel African countries.

6.4 LATERITIC STONE BUILDING

Laterite stones occur videly in the tropice within most
geological formations and .climatic conditiong (Bhatia and
Hammond, 1970; Gidigasu, 1970; Maignien, 1966). These materials
occur gither ag fairly soft materiale capable of hardening on
exposgure to air or they are rocklike insitu depending wupon the
topogrephic site, the climatic zone and the chemical composition
{e.qg. Gidigasu, 1976). The geotechnical properties of typical
lateritic =stones and boulders in Ghana have been evaluated and
regultse reported elsewhere {e.qg. Bhatia and Hammond, 1970).
Comparing the aggregate propertiesg with that of sound aggregates
{e.q. Road Res. Lab., 1952, it was found that laterite
aggregatee can 8lso be used for the manufacture of concrete
blocks for civil engineering construction (e.qg. Gidigasu, 1980).
For example, fairly high crushing =strength values have bheen
reported for some lateritic stone in Africa. The uniaxial
crughing s&trengths reported for typical West and Central African
lateritic rocks vary betveen 196.8 and 316.4 kg/cm? {Shergold,
1945) while values reported for typical Ghaneian ferrugenous
laterite 2tone range from 31.6 to 175.8 kg/cmzte.g. Obeng, 1970).
Concrete blocks were 8also manufactured from laterite stone
aggregates from some sources in Ghana. Aggregates made to conforn
to grading specifications for 12.7mm and 38. 1mm maxiﬁum aggregate
sizesn; and concrete cubes prepéred with mix de=ign of 1:2:4, and

vater cement ratio 0.5 gave fairly high crushing strengtha. Cube=s
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were prepared, cured for 24 hours of storage in wet =sack followed
by immersion in water for the remaining curing periods before
testing. Average test regults wvere reported for 3 cube tests for
each aggregate after 7, 28, €0, 120, 180 and 360 days. It wa=s
noted that on the average, the 28 days cured concrete strength of
210 kg/cm? can bhe obtained if care i=s taken to select the hard
lateritic stanes.

Figure 6.4 shovws a typical lateritic s8tone rural building
while Fig. 6.5 also illustrates the well-designed and constructed
residential and church buildings constructed with locael lateritic
stones.

Table 6.1 summarizes roughly the predominance of the various
s0il and rock based rural houses in Ghana in relation to the
climatic =zones. It 1is noted that only Adobe i=s popular in the
humid =zone not only because of lack of laterite stone but also
because of the damage that the high rainfall of over 2000mm per
annum can inflict on say wattle.and daub and Atakpame buildings.
Rammed earth and 1lime so0il stabilised blocks may provide
alternative durable rural wvalling materials for +this humid

climatic zone of the country.
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7.0 FAILURE PATTERNS OF LATERITIC HOUSES IN GHANA AND
THEIR FIELD PERFORMANCE EVALUATIONS

The life expectancy of soil-based buildings in Ghana depends
upon a number of factors. The most important ones being the type
of material, the relevance of the technical evaluation process;
the technology of construct#qn, ag well as the resistance to the
destructive environmental hazards of the climatic zone in which
it is built. For example, earth buildinge have longer 1life span
in the drier areas than in the wet humid =zone. The life of the
buildings also depend upon whether or not they were handled by
inter-disciplinary group of professional specialists such as
planners, architects, quantity surveyors, designers, materials
and foundation engineers, qualified contractors and also how far
regular maintenance works have been carried out on the buildings
over the years. Where specialists have not assisted in the design
and implementation of the project but regular remedial and
maintenance works were carried out on the buildings, the life of
gome of the earth-based buildinge have been up to over 80 years.
Where saspecialists have not been consulted and this is generally
the case in the rural areas, the houseg have quickly deteriorated
in the adverse environmental conditions, and failures including
excegsgive veathering and degradation of the valls,
ground/compound erosion around the houses leading to short 1life
of the buildings have taken place. In some cases, it has led to
loss of precious lives and property. Apparently, in upgrading
existing traditional technologies for using Atakpamé walling and
Adobe blocks in housing constrgction, it is absolutely necessary

to emphasise the role of inter-disciplinary technical assistance
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of professionels to the rural communities in the planning,
degign, caongstruction, wall protection, proper roofing and
development of proven maintenance specifications for the
buildings and the surrounding grounds to also ensure healthy
sanitary environment. Good ventilation and adequate green
vegetation bétwveen the buildings to ensure the general well-being
of the dwellers is anather impartant requirement. These are the
challenges of future rural housing delivery technologies.
7.1 WEATHERING AND EROSION OF SOIL AND SOIL-BASED BUILDINGS

IN GHANA

The greatest natural hazard in the tropics is8 +the rapid
wveathering of rocks and scoilse including =oil-based building
materialsgs in service. |

In the drier areas the rate of deterioration of walls iz not
as rapid as in the humid areas. Earth building walls subjected to
driving rain alternated with perioda of droughts have their
surfaces 8ubjected to alternate =2vwelling and shrinkage, allowing
wvater to enter, including physico-chemical weathering and decay
of the wall surfaces. It is, therefore, necessary to expect high
costg of maintenance of unprotected Atekpame and Adobe building
walls. The materials are not by nature durable and whether they
have been improved through thermel =stabilisation inte burnt
bricks and bhlocks, the danger of weathering, degradation, and
erogion 8till esxist. This aspect of building with =s20il and =so0il-
based material therefore needs to be inveastigated scientifically
and remedies ‘found within the framework of this or any other

future projects.

38



The Building and Road Regearch Institute has developed a
method of mixing bitumen with clay for plastering earth buildinge
before white-washing them (Bawva and Hornsgby-0Odoi, 1963), and this
has provided good plastering method over the years. This
technology though successfully employed in some climatic =zones
hag to be investigated further for wet humid zones as well. It
will then be posegible to popularige thig useful wethod of
protecting walls because performance studies have shown that, it
is a very useful method of prolonging the life of earth buildings
(e.g. Hammond, 1973).

7.2 MAINTENANCE AND REHABILITATION OF SOIL AND SOIL-BASED

MATERIALS IN GHANA

As noted earlier, th; chemical weathering, degradation and
the erosion of earthen walls, the foundations asg well as
excesgive erosgion of compounds has led to the rapid deterioration
of sgsome rural and urban goil and soil-based building/settlements
even though they may be well-planned and executed. For e3xample,
experiencee gained since 1948 on the performance of a low cost
g80il cement housing scheme which was carried ocut by an inter-
digciplinary and competent professionel group has demonstrated,
without doubt, the difference between the performance of wvell-
maintained and un-maintained walls, foundations and compounds of
thege goil-cement lovw-cogt buildings.

7.3 CRITERIA FOR SELECTION AND QUALITY CONTROL OF SOIL
AND SOIL-BASED WALLING MATERIALS

Soil is by nature both complex and variable. However,
because of its universal avaeilaebility and itz low cost of

winning, it offers great opportunity‘ for use as building
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construction materisal. The msin problem is the selection of the
s0il type most suitable for the particular constructional wvork
concerned in a specific environment. In building construction,
the =so0il may be used in a raw =state or may ke modified in many
wvays, among which are chemical, thermal, mechanical stabilisation
etc. Correct use of so0il for building construction demands a
clear recognition of which soil properties must bhe modified and
this requirement is an 1mportant element in the decision
regarding the method of treatment of the so0il bhefore used for the
building construction. The significant properties of a raw or
stabilised s80il and soil-based buildings are consequences of
inadequate control over each of these properties. Technical
insurance against adverse conditions deveioping either 1in the
course of design, construction or during the life of the building
is also necessary. Some clayey soils swell or shrink with changes
in moisture content. I1f the seasonal long-term moisture cheanges
is not controlled, this may cause crack in buildings, breaking of
underground service pipes, cause foundation heave, and economnic
loss. The preventive measures to these sources of building
failures are achieved either through conversion of the saoil to a
rigid or granular mass, the particles of which are sufficiently
strongly bound to resist the internal swell pressure of the clay
{e.g. converting the clay to an effective sand or brick); or
retard moisture movement within the soil by, say, blocking +the
pores. The bhearing strength of most rav fine-grained soils is low
when wet; hovever, air-drying i1in a low humidity environment
produces hard materials. Burning at high temperatures will

further convert the fine-grained s0il to strong brick. For



practical purposes the strength properties is of less importance
in construction than resistance to deformation under 1load.
Inadequate strength or resistance to deformation is a major s=oil
problem in building construction and can lead to serious economic
loss. A number of treatment options of soils to produce durable
building materials exist, haowvever, the choice of the method
should be decided first through laboratory studies to assess the
textural, chemical, mineralogical, physico-chemical and
composgitional properties and how these affect the economices of
construction and long-term maintenance cost of the building in a
given environment of expected natural or inflicted ha=zard.
Permeability of =so0il is another important property that
should be controlled as this 1nilu;nce the amount of water that
the s20il can absorb. Hence, permeability has direct relationship
to bearing capacity and potentials for moisture absorption and
hence volume change and bearing strength properties. It is
desirable that the permeability of soil-based building materials
sghould be as low as possible. The allowable levels of
permeability of building construction materials in relation to
the use are given in appropriate building codes and
specifications. For example, poor compaction of “adobe" can lead
to high permeability. Secondly, poor iiring.oi clay building
products can also lead to high permeability, potential for high
moigsture absorption, weathering on exposure to- humid tropical
environment and eventually to erosion when subjected to driving
rain. Measurement of permeability of soil-baged building products

both in the laboratory and in the buildings after placement in
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the wall is highly recommended in the process of quality control
of the caonstruction materials.

Durability is yet another key requirement of =soil-based
building materials. The resistance to the processes of weathering
and erosgion i=s a very desirable condition. There is a wide range
of durebility for raw and treated s2o0il building maeteriels and the
upgrading of those with poor durability is most desirable. Poor
durability cen be a problem for both naturel and treated
(stabilised) =2o0ils and clay proaducts. It is essentially a surface
problem for the walls of "“adobe" houses. Except for a few cases,
there 1is a major deficiency in terms of lack of useful tests by
vhich to assess the potential durability of raw so0il or sgo0il-
based materials for housing construction. The American Society
for Testing and Materiels (ASTM, 1958) has developed a weathering
test for =stebilised compacted =soil-cement esgsentially for
pavement construction and e modified version has been proposed by
the West African Building Research Institute (WABRI); Sperling,
1962). Because of this lack of internationally accepted procedure
for evaluating the resistance tao veathering of soil-based
building materials, durability is one of the most difficult earth
material evaluation problems the designers meet in various
'climatic and natural hazard prone environments.

A common reaction is to overdesign; even this caen be neither
economic nor even technically sound. It is possible, hovever, now
to pre-assess 1in a general manner, poor chemicel and water
regsistance of &a so0il and appropriate remedial stabi;isation
method applied. The selection of soil for building construction

should be based on criteria that take cognisance of the
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above-mentioned significant parameters which influence the

performance of buildings in a given environment.

7.4 ACCEPTABILITY OF SOIL-BASED BUILDINGS IN GHANA

It has been established (e.qg. Hammond, 1983) that
acceptability of soiljbased building meterials and building types
should be viewed in a broad context than as at now. The problemn
of acceptability of earth as a wmaterial for housing in Africa is
related, among other things, to technicsal, econonic, social,
cultural as well as institutionael factors. The implications is
that the human element, for example, is of wmajor importance
egpecially in mass and non-traditional housing process.

Apparently, there is the need for specialists in the fields
of sociolagy, peycholagy, tovwn and country planning,
architecture, civil engineering, landscape planning and social
welfare to come together and work in a team to define the
technical as well as non-technical (i.e. socio-econaomic and
cultural) dimensions of the scheme to ensure acceptability to the
target groups. Development of settlements should also be guided
by government specifications, standards and policy guidelines =so
that every aspect of the operation would meet certain accepta-
bility criteria. For example, primarily, the health and socisl
well-being of the target group should be borne in mind. Ignoring
the =social and cultural aspects of the target group may lead +to
failure. Indeed, non-technical factors should be given due
consideratiaon in all housing schemes if the problem of
unacceptability i=s to be avoided. It is 8 welcome development tao

note that in a recently published Ghana Naetional Housing Plan of
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Actiaon, emphasis hes been plaeced on the inter-disciplinary
approach and utilisation of R & D scientific information
available. Skilled artisan and professional capabilities are
also to be strengthened to play an important role in the national
housing delivery programme. The Netional Housing Policy is also
to take caognisance of locel level of technological development,
econamical strength, social and cultural heritage and of
institutional view points. The whole problem of national housing
policy formuletion strategies should be flexible and to involve a
lot of research and financial inputs to ensure that desired goals
are achieved for the majority, s£o that most of Ghanaians could be
decently housed by the year 2000.

Indoor climatic =studies have been given some attention at
the Building and Road Research Institute and the results of these
studies have to be drawn on during design to achieve maximum
indoor comfort.

For example, the Institute has established the superiority
aof earth buildings in terms of indoor climate in the hot =season

over sand-cement and concrete buildings (BRRI, unpublished data).

7.5 PERFORMANCE OF LATERITIC SOIL-CEMENT BUILDINGS IN GHANA

The performance of the soil-cement buildings ranges from
good to very poor. The most important factor is the attitude of
the tenants. Those who were conscious of the need for periodic
patching of defects on the walls, painting and proper drainage
around the buildings do have decent and habitable buildings for
long periods. Those who have ignored all aspects of maintenance

activities have the foundations of their buildings exposed
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through eroesion and/or walling block work partially collapsed and
the buildingse are in very deplorable conditions. It ie important
that periodic maintenance works should form part of the duties of
thase occupying such buildings. Apparently, the service life of
guch buildingse would depend upon the degree to which attention i=s
paid to maintenance works on the buildings. Thie ies true of all
the earth-based buildinge including brick, sand-cement and

concrete buildings.

7.6 PERFORMANCE OF NON-STABILISED EARTH BUILDINGS IN GHANA

As indicated earlier, one method of evaluating the
performance of earth buildingse is to carry out inspection of the
poor, moderate and good buildinge and define their age,
construction technology, gourcesg of the material, climatic and
drainage environment and through analysis of this data suitable,
border line and poor materiale (go0ils) for the given walling
technolaogy for the environment can be established.

Thie study wae started in the moist sub-humid climatic =zone
and some of the results obtained are discussed.

Wattle and daub, Atakpame and adobe buildingse were inspected
in over seven (7) typical settlements of over 5,000 people. The
geotechnical properties of the the =o0ils, gome taken from the
valls and some from the natural sources are summarised. The age
of the builldings are also given and comments related to their
rating 1in terme of performance indicated. This proc;dure wvas
folloved 1in studying the performance of earth buildings in all
the four climatic zones. Information obtained through this study

vere used for preliminary selection of wvarious genetic and
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textural lateritic sgoil types for laeboratory studies and for the
construction of exposure valls for assessment of performance
under field conditions before experimental demonstration building

construction wvere started.

7.7 PERFORMANCE QOF TRADIT;ONAL RURAL BUILDINGS

The +traditional walling materialse and technologies in rural
Ghana are wattle and daub, Atakpame, Adobe and laterite stone.
Rammed laterite earth technology was tried in the past but

difficulties associated with the manufacture of moulds and other

cangtruction problems led to its abhandonment. Howvever, with more
gkilled carpenters and masonsg now available this walling
technology can be revived. This project has a2 one of -its

objectives the need to revive and popularise rammed earth walling

in the rural earth housing construction.

7.7.1 VWattle and daub building

The distant photograph views of wattle and daub building are
taken. A close up view showing the framework of vertical bush
gticke and horizontal bamboo pieces= illustrate the type of

failures characterisgtic of this walling type are also shown.

7.7.2 Atakpame building

Atakpame walling &as =stated earlier i2 more tideous and
perhaps time consuming and does not require timbher or bush sticks
reinforcement. The nature of Atakpame house 1is8 illustrated
elsewvhere in the report together with close up views. It has been
established that the main failure pattern is verticel shear

cracke some of wvhich extend from the top of the wall +to the
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foundation. The mwmajor design defect is leck of provision of
aprons; it 1is therefore easy to experience the erosion of

foundations which may lead to the collepmse of the buildings.

7.7.3 Adobe building

Typical adobe buildings _have been photographed. By
comparison, it was noted that there is a vast difference between
the adobe and Atskpame houses built at the same time. In some
seituations builders have combined the Atakpame and Adobe block
walle to give habitable houses. The wmain failure of these walls
is the wearing off of the plaster during the chemical deteriora-
tion of the unstabilized walls and also to exposure of the walls
to driving rainstorms. There are cases where rural builders have
overcome thesge problems and produced good adobe walls hut still
the apron is not provided.

Some attempts have been made at village and rural levels to
produce and build adobe walls. The production of good quality
adobe blockse 1is one of the main objectives handled in this
project execution. Moulding of these blocks in wood moulds at
conditions not properly defined can lead later to the failure of

the walls built with them.

7.7.4 Laterite stone building

Housing construction vuseing laterite stone is & common
feature wvhere these materiels are abundant. These materials are
very common 1in 8ll except the humid climatic =zone. Dwelling
houses and church buildings have been constructed in the moist
sub-humid climatic zone. The predominant use of this material for

walling wusing cement or clay mortar is in the arid and dry sub-
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humid =zones vhere they are used ta build =imple traditional
thatch roofed rural buildings; the technology is haovever, very
poor. Studies in other climatic zones have revealed interesting
results, these will be discussed when defining criteria for
materials selection.
7.8 FIELD DATA COLLECTION CHART ON PERFORMANCE OF EXISTING
EARTH BUILDINGS IN GHANA
The main factorse on which data had been collected are as
follows:
a. Climatic =zone
b. Type aof earth building
c. Age of building

d. Sample from existing wall of good performance

e. Sample from existing wall of border line performance
£f. Sample from existing wall of poor performance
o. Source of the material used in the construction.

(Definition of good, borderline, and poor are based on
intensity of verticael cracks in the walle and the degree of
surface erosion of clay or cement-sand construction and

iime-s0il plastering).

h. Name of the village/town

i. Predominant laterite =s0il +type described in pedological
terms {groundwater laterite, savannah ochrosgol, forest
aochrosol, oxysol, where this is passible).

J. Erosion condition near the building

k.. Topographical features of the building =site (approximate

slope)
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1. Relationship o©f buildingse to east-wvest and wmajor wind
direction.

m. Relative humidity, temperature, rainfall data vhere
available (minimum/maximum values).

n. Vegetation and whethef they constitute wind brakes or not.

o. Economic activity.

A chart for rating the performance of the existing buildings is
shown in Table 7. 1.

The detailed resgults of the qualitative field asgessment
vork are summarised in the attached self-explanatory tables and
figures.

The results of the qualitative evaluation exercige carried
out on the lateritic buildings constructed with the wmain
technologies namely: lateritic stone boulder construction; wattle
and daub walling; Atakpame (cob-swish) construction; adobe block
congtruction; and rammed earth (pise) walling have revealed that
pratically the rural communities have not henefitted in any wvay
from the wvast scientific, technological and professional
knowledge that are expended on the urban high technology
materials housing delivery strategies that we see in the main
cities of Ghana. For the purpose of clarity we are going to deal
with failure wmechanigme and patterns associated with the rural
housing construction technology in relation to the materials used
and the climatic environment in which the buildings have been

built.
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7.9 FOUNDATION FAILURES

The field studies have shown that virtually no standard
foundation engineering code of practice have been involved and
widely publicised for the beneiit of the rural housing
construction communities. Indeed, some of the buildings do not
have foundations at all. In many casesg where the foundatione have
been provided they have not been properly designed nor have they
been located below the zone of seasonal temperature and moisture
variations which induce alternate swvelling and shrinkage of the
s0il below the shallov foundations, and this induces cracks in
wallse constructed with all the technologies enumerated earlier.
Erogsion of so0il around foundations and on the compounds of
villages and smaller settlements have greatly un&ermined the
buildings, and in most cases, deep gulleys whose repair and
maintenance cost implications in any exercise to rehabilitate
rural settlemente is quite frightening. Foundation erosion and
under-scoring therefore deserve special attention by specialists
now that a scheme for rehabilitation and upgrading of rural
settlements appeared to be prime candidate for immediate action
to reverse the rapid decline (through collapse, especially during

the rainy seasons) of already very limited rural housing stock

wvhere +the occupany ratio appears not below 9-10. Contribution
towards improving the design and construction of adequate
foundations for earth buildings have been comprehensively

discussed elsewhere (e.qg. Hammond, 1984; Gidigasu, 1977, 1985,
1987, 1988; Gidigasu and Andoh, 1980, 1987; Gidigasu and
Appeagyei, 1984). Technical contributions that have resulted from

this study towards ensuring good foundation practice Zfor rural
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housing in Ghana have also been discussed in Chapter 15 of the

report.

7.10 FAILURE PATTERNS OF EARTH WALLS IN GHANA

The commonest problem in rural earth walling technologies
identified with all construction methods are as follows:
ta) Vertical and horizontal cracking of walls placed on poor
foundations. These cracks appear to be due mainly to shear
failure and/or shrinkage of the more fine-grained materials. The
study has sghown that the worst walling technology in terms of
proness to the above failure are the Atakpame walls, followed by
adobe walls placed on poor foundations.
(b) The. next type of wall failure is erosion generally at the
base of the walls, and this also leads to premature failure of
the walls. Thie problem of surface erosion is common to all the
walling technologies even though the poor construction technolo-
gies may &also contribute. The wattle and daub walling
construction appears to be a developed stage of Atakpame walling
because the bush sticks as well as the bamboo reinforcement have
been responsible for sustaining some of the buildings inspected
for over 60 years. The Project Team believes that improvement
upon the method of  vattle and daub walling may prove more
resistant to such natural disasters as earthqguakes, driving
rainstorm, etc. Indeed, it would seem that improved wattle and
daub technolaogies with'proper finishes would be a better method
of wall congtruction in the Greater-Accra area which i2 a =zone

prone to earthquake tremors.

51




Another yet important wall failures are caused by shear
degradation, esgspecially of the adobe walls and mortars.

Contributions to thies problem have als2o been made in Chapter 15.

7.11 FAILURE OF EARTH BUILDING PROTECTION METHODS (PLASTERING)

wWall plastering 1is8 not a common phenomenon in the rural
houging communities, hovever, mogt of the walls that have been
plastered with clay and stabilised materials and painted vwith
bituminous materials have generally periofmed gatisgfactorily. The
prablem generally arises when attempts are made ta use soil-
cement mortarse (of considerably higher strength than the walling
material) to protect earth wvalls. When this soil-cement or soil-
‘lime plasters are subjected to alternate wetting and drying,
cracke developed as first signs, rain waters enter these cracks,
the cracks expand and in due course, the entire plaster peels off
enbloc.

Wall protection in our tropical environment 1i2 & major
praoblem and major contributions have been made in this area in
India (Matur, undated) and also in Ghana over 20 yeare aga (e.qg.
Bawa &and Hornsby-0doi, 1965). The proposal made by Bawa and
Hornsby-Qdaoi has praoved very successful in protecting
gcientifically designed and constructed earth buildings in Ghana.
A brief description of this solution has eslso been given in

Chapter 1i5.

7.12 FAILURE OF RURAL BUILDING ROOFS
Though congiderable cantributions are available in
literature on the appropriate ways of roofing earth buildings for

protection agéinst premature failures, the information has not
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been made availakhle by the scientific community to the rural
poor. Having =aid that, I hasten to add that twvo key contributory
factorse to premature rocof failures especially in high-speed
driving windstorm prone areag have been ignored. It has been
assumed that the concept of the life expectancy of roofing sheets
‘does not exist. Decay of roofing timber componentse coupled with
corrosion of both the wire nails and the roofing sheets
themgelves creates situations where the roofs are easily ripped
off. Another important contributory factor is lack of wind-
breaks. With excessive felling of trees around settlements and
failure to replace them with new ones to serve the purpose of
wind-break, wve should expect the present rate of occurrence of

rainstorme blowing off roofs. Some discussion on the issue has

also been given in Chapter 15, All said and done, the results of
field performance evaluation of our rural earth buildings

indicate that there is the need to introduce scientific rural
housing strategies, and available research findings as well as
the capabilities availahle in the country for the urban strong,
durable, and indoor comfortable housing delivery process should
be made available through committed national institutional

framewvork to ensure decent rural housing delivery policy.
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8.0 STUDIES TO RECONFIRM THE PROPERTIES OF THE DOMINANT

LATERITIC MATERIALS IN GHANA
8.1 INTRODUCTION

The first attempt to develop an engineering soil map for
Ghana was made by Arulanandan and Bhatia (1960). The basis for
grouping Ghanaian soils were geology, geomorphological features,
climate, topography and drainage conditions, predaominant soil
forming processes, g0il profile characteristics (morphology),
texture (lithology) and the predominant clay mineralogy. Ranges
of natural moisture content, insitu dry density, specific
gravity, gravel content; Atterberg 1limits, base exchange
capacities 82 well as bearing strength properties expressed in
terms of 48-hour soaked'CBR values were given for the seven (7)
dominant so0il groups identified and mapped. Variationse of +these
properties with depth were also given for typical profiles
identified (Arulanandan and Bhatia, 1960). The main limitaetion of
this contribution is that it did not consider the textural
differences of the materials within each so0il groups and the very
wide ranges of geotechnical properties reported made the
practical application of this so0il map for construction purposes
very difficult. Nevertheless, it stands out as a major pioneering
cantributian to engineering saoil vmapping and geotechnical

characterisation of Ghanaian so0ils for engineering purpases.

8.2 PEDOLOGIC GEOTECHNICAL STUDIES
The oldest so0il map developed for Ghana is2 the pedolagical
s0il map. In ell, 23 major =s0il groupse were identified. Detailed

information on the modes of formation, morphological features,
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typical profile features, particle size distribution, physico-
chemical properties (pH, cation e:xchange capacity, exchangeable
ionse, air-dry moisture content, organic matter content), as wvell
as other relevant information concerning sa0il structure and
fabric, degree of aggregatian, cementatiaon, hydraticn,
desiccatiaon, lithology and predominant clay minerals aof +typical
eocil systems are given in various pedological so0il reports of the
Soil Research Institute (Ahn, 1970; Bampo-Addo et s8l., 1968;
Brammer, 1962; Obeng, 1970). A simplified pedolagical sail map
for Ghana wvas developed (Fig. 8.1). Note that conesiderations of
inter-relationshipse between local gealagy, climate, topaography
and drainage conditione on the one hand and the distribution of
the dominant =s0il forming processes on the other have contributea
eignificantly to the identification of the nature of end praducts
of the weathering and form significant pointers in the
definition, identification and mapping of the important
pedological e=so0il systems 1in Ghana for potential engineering

application.

8,2.1 Methods of sampling soil for mapping

Identification of the so0il depaosits reported in the map wvas
carried out on the basis of studies of comprehensive pedolaogical
gub-g0il reporte of the Soil Research Institute (CSIR) and other
ecientific papers deasling with the genesis of some Ghanaian so0il
eystems (e.g. Cooper, 1936; Hamilton, 1955, 1964; Stephen, 1953;
Ahn, 1970; Brammer, 1962).

In profile studies specisal attention is paid to wvariations

in @appearances in the vertical direction of exposed materials in
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trial pits, road cuttings, oOor quarries as well as identification
of materials sampled from auger boreholes, ugually to depths of
about 3m. Particular attention was also paid to the importance of
topographic esite, nature of +the horizons, texture, colour,
gtructure, degree of desiccation, and general morphology
including the presence or absence af stoneline, and gravel beds,
etc. A procedure for sampling and field identification of =soil
materialse in relation to topography and profile features has been
discussed in detail by Ahn (1970) and Gidigasu (1976). The
eignificance of the =0il forming factors in the development of
general characteristics of the dominant =s0il groups including the
profile <features, clay mineralogy as well a2 the geotechnical
implications of the interrelationshipse between thesge factors and
soil properties have been reviewed in detail elsewhere
(Gidigasu, 1971, 1972, 1976, 1980; Gidigasu and Kuma, 1987).
8.3 PREVIOUS GEOTECHNICAL STUDIES OF LATERITIC MATERIALS IN

GHANA

Between 1964 and 1989, there have been comprehensive and
detailed geotechnical studies of lateritic materials of Ghana and
the results have appeared in over 80 journalse and confererice
publications and technical reporte (e.qg. Gidigasu, 1971, 1972,
1974, .1975, 1976, 1980, 1989; de Graft-Johnson et al., 1969,
1972; USAID, 1971; Gidigasu and Kuma, 1947, etc.) The basic
grouping:- of +the lateritic so0ils have been baged vupon the
consideration of the pedological information available, and the
evaluation of specific environmental factors that shaped +the
genetic characteristics such as their textural and compositional

factors. 'Generalised characterigsation of the lateritic =soils of
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Ghana mainly from textural and morphological view pointe have
been propozed and found to be very useful (e.g. Gidigasu, 1971,
1972). The geotechnical and physico-chemical properties of
lateritic =o0ils &and rocks identified in Ghana have also been
comprehensgively discusesed elsewhere (e.qg. Gidigasu, 1971, 1972,
1976, 1960; de Graft-Johnson, Bhatia and Yeboa, 1972; de Graft-
Johneon, Bhatia and Hammond, 1972; Gidigasu and Yeboa, 1972;
Gidigasu and Kuma, 1987). The review of 1literature on the
characteristice of lateritic soils of Ghana for potential use as
raw or gtabilized walling block-making materials was aleso
recently published (Gidigasu, 1989). For example, the chemical
characteristicse of lateritic soile was found to be very pertinent
to stabiliéation probleme and laterite stone development is
associated with well-drained sites. The chemwmical implications of
the processes of lateritisation, namely the leaching avay of
eilica (S1i02 ) and enrichment of sesquioxides (Al;0z or Fe, 03 )
either together or separately +to form the aluminous and
ferruginous lateritic materials have also been discussed
elsevhere (e.g. Cooper, 1936; Hamilton, 1935). The wmost important
contribution has been the identification and grouping of
lateritic materials of Ghana from the view points of texture, and
major genetic characteristice of importance to geotechnology
either in the field of highway, or foundation engineering or from
earth building construction view point (Fig. 8.2). A compact and
elaborate geotechnical grouping of lateritic materiale of Ghana
has been given elsewhere (Gidigasu, 1976). One aspect of the
current research programme ig to confirm the resulte of all the

earlier geotechnical studies on lateritic materiale of Ghana and

57




to identify the areas of relevance to earth building construction
in Ghana. The relevant supplementary studiesg were undertaken on
lateritic materialse in the four main climatic zones of Ghana.
Specific studies on soils usged for demonstration buildings

canstruction were alsao undertaken.

8.4 SCHEDULES OF PROJECT EXECUTION

The project had three years of execution periad. Due to
delay in receiving the firest payment of the "Centre Grant®" it was
not possible tao secure the project vehicle in time to start field
material s=sampling and transportation tao the laboratory for
preliminary geotechnicel characterisation to be followed by trial
production of the materiaels in the temporary materiaels laborataory
{shed) at Fumesgua after which exposure walls would be
canstructed. The procedure of materiaels identificatian, pitting
and sampling had to be established. Table 8.1 gives the proposed
schedule aof distribution of pitting, 20il s=ampling and
preliminary studies. The Table has attempted to highlight the key
factors that contraol the so0il forming processes, and significant
compositional and genetic featuresg that would enable the separa-
tion of the =s0il types i1inta groups to which they are
‘pedaolagically knawn. The key genetic characteristice of the four
(4) climatic =zanes have bLeen indicated. Following previaous
experiences (e.g. Ahn, 1970) actual field studies such as
pitting, profile characterisation and material sampling from the
three (3) main harizone for laboratory and preliminary
examination and characterigation were decided an. Due to earlier

trangportation problemse and the known heterageneity of the forest
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ochrosols necessitating the choice of rather large number oif
pitting, profile studies and soil sawmpling programme, the moist
sub-humid =zone in which Kumasi is located was chosen for the
first phase of the project execution. The idea has been to carry
out as many pitting, proiile studies and geoatechnicael characteri-
sation as possible at a number of sites and then select one or
two pits of special interest in terms o©of their abundant
occurrence over particular parent rock types for carrying out
walling material production studies in more detail. The location
of pitse in the four climatic zones are shown in Fig. a.3. For
example, the <=sites for moist sub-humid =zone include Kumasi,
Sunyani, Nkawkaw, Dunkwa, Bibiani, Bunso and Takoradi. The flow
charts for the laboratory characterisgation of the raw and local
lime stabili=sed lateritic soils have been discussed elsevhere in

the report.

8.3 CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES

In order to reach a practical and economic solution to
engineering problems some method of identifying =o0ils and
grouping them into classes, each displaying =similar physical
properties and similar general behaviour characteristics, wvas
necessary. Various systems have been developed for classifying
soilse for engineering purposes. Some are based on modifications
of knovn systems such ag those used in agriculture, geology or
pedology, which were deveioped to describe and catalogue soils
according to a particular non-engineering property or to their
mode of formation or deposition. The first known attempt to

classgify soils for engineering purposes wvas based on the
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experience and scil-testing procedures developed by the
agricultural soil sciences. Most of these claessification systems
were based on the relative contents of the three grain-size
fractions of sand, 2ilt and clay; while later claessifications
used the entire grein-size curve. Probably, the first departure
from the grain-size analysis as the exclusive basis for =so0il
classificetion was wmade by Atterberg in 1911 who proposed the use
of plasticity in addition to the particle-size distribution for

the classificetion aof soils for agricultural purposes.

8.5.1 Particle-size classification

Soils coneist of mineral particles which cover a wide range
aof sizes. It has been found useful to assign names tao describe
particles which lie between certain size 1limits, sguch as
boulders, gravels, sands, gilts and clays. These names are
caonvenient to use and give more information than does a mere
statement that +the particles lie between certain size limits.
Many systems for the particle-size limits of the various soil
caompaonents have been proposed and use. All of the particle-size
limit schemes are arbitrary since no distinct divisions can be
made between the members of a continuous series. The originators
of the verious systeme were influenced by many factors when
making their selections. These include the field of study such as
agriculture, engineering, geology, etc., the convenience of
investigsation, the methaods and apparatus available for snalysis,
the ease with which daeta could be presented, the convenience for
steatistical analyesis, the previous wvork done and the systems

used, etc. {(Roderick, 1972).
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Some of the investigators tried to piliace the limits so that
they would correspond with the various properties of the soil
components; many were more interested in easily and conveniently

obtained and presenting data.

8.5.2 Textural soil clasasification aystems

The principle of classifying soils purely on the basis oxf
their grain-size distribution dates back to the time when it wvas
not yet realised that the physical properties of fine-grained
soils, with a similer particle-size distribution, can be widely
different. The simplicity of textural =so0il classification systems
and the fact that they can be applied with little experience, are
the main reasons why they are still widely wused. .0Original
textural claessifications were based on the relestive percentages
of the sand, silt and clay-size fractions. They are facilitated
by plotting the=e three fractions on & triangular chart (Fig.
8.4). The difficulty of triangle classificatione, however, lies
in the fact that those physical characteristics of fine-grained
soils which are of interest to the engineer are often not
reflected by the three fractions alone. However, textural
clagsifications based on the entire range of particle size may be

useful for cohesionless soils of the same geologic origin.

8.5.3 Textural and plasticity soil classification systems

To assist in identification, Atterberg (1911) proposed the
use of plasticity tests as vell as a dry strength concept. This
classification has emphasized pertinent physical characteristics
vhose differentietion i1s not possible by wusing particle-sgize

distribution alone. The plasticity tests were standardized by
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Casagrande (1932) for the identification and classification of
fine-grained engineering soils. This was based on the relation-
ship between the 1liquid 1limit and the plasticity index for
different genetic soil types from different parts of the vorld
which were examined by Casagrande (Fig. 8.5). The position of the
various so0ils on the chart has emphasized the extreme value of
the plasticity concept. For example, bentonite and kaclinitic
clay soils may plot at the same point on the textural triangular
chart, but their positions may be widely different an the
plasticity chart.

On the basis of this study, Casagrande (1948) proposed a
plasticity classification chart for scil fines (Fig. 8.3) with
the =so-called A-line which represents &an empirical boundary
between +typical inorganic clays (generally above the A-line) and
the plastic scils contaeining organic colloids (which are below
it). "It goces through the point on the base line having a liquid
limit of 20, and through the point with a liquid limit of 50 and
a plasticity index of 22, and its equation is: plasticity index =
0.73 x (liquid limit - 20") (Casagrande, 1948).

8.5.4 Unified soil classification system as applied to
natural temperate zone scils

The Unified Scil Classification System (which is the most
versatile and universally accepted of all existing so0il
classificetion systems) i1s significant attempt to classify almost
all natural scil into fifteen groups on the basis of their
texture and plasticity cheracteristics, the processes of

definition and classification are given in Table 8. 2.
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Fraom knowledge of +the particle-sizre distribution and
plasticity characteristics, it has generally been possible to
infer the engineering properties and behaviour based upon
characterigtices of other sgoils clasgsified esimilarly. Wagner
(1957) has <shown that there is a good correlation between four
important properties of +the fifteen =0il groups and their
de=sirability for wuse in rolled earthdams, canal sections,

foundatione and roadways.

8.5.5 Textural classification of normal lateritic materials

The relationsnipe betveen =0il texture and parent-rock types
are aof particular significance in the textural classification of
regsidual laterite soils because they form a broadly based basis
upon which &a preliminary textural grouping of laterite =soils
could be made. Indeed, in the textural classification of residual
fine-grained =e=oils, the relationship to parent-rock type,
weathering conditions, degree of lateritization and geologic
origin are crucial factors to be considered (Gidigasu, 1971a,
1972). It ie necessary, in the first instance, to identify the
group of laterite =so0ils that have been formed by similar
pedogenic factors before proceeding to undertake particle-size
analysis and textural clasesification. The +tendency is for
arenaceous parent-rockse to produce sandy soilse and for the
argillaceous parent-rocks to produce e=ilty clay e=oils. The
influence of the parent-rock type on the textural characteristics
of lateritic materials have been discussed elsewhere (e.g.

Gidigasu, 1971).
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Apparently, one of the main characteristics of lateritic
materiale is the high percentage content of fines‘(silt and clay
fractions) (Ackroyd, 1967; Gidigasu, 1972); therefore it appears
that these soils may not he loosely defined as gravel-sand-clays
as is currently daone (e.g. U’Reilly, 1958). Un the basis of the
gravel, sand and fine fractions (passing No. 200 B.S. sieve) it
may be possible to group laterite gravels and gravelly soils into
six textural classes which appear to have eimilar geotechnical
characteristics (Fig. 8.6). The significance of thie triangular
chart is only obvious,. howvever, when it is epplied to the =same
genetic so0il group (Gidigasu, 1969).

The features of the Unified Soil Classification which make
it desirable and advantageous for categorizing soils according to
their engineering properties have been discussed by Wagner (1957)
as follovws:

(a) The =system is related to the physicael properties inherent in
the s0il and not to a particular use. Thus, it may be used
for all types of engineering problems involving soils.

(b) The system is based on saoil behaviour which, in turn,
reflect the physical properties.

(c) The system recognizes that soil behaviour is a function of
ihe amounts and the distribution of the basic constituents
cammon to all soils; particle-size fractions, moisture, and
other substances such as organic matter, gases, and minerals
vhich coat the grains or act as cementing agents.

(d) The system established fifteen so0il groups each of which

have distinct engineering properties.
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te) The system provides two methods for determining the amount
and types of the basic components in the =so0il; a simple
visual and manual method and s labcratary method which uses
standard laboratory index tests (e.g. British Standards
Institution, 197%). The maximum =size, amount, distribution
and shape of the gparticles in the coarse-grained soil
compounds are estimated by visuel examination or are
accurately determined by a grading test; and the type of
fine-grained component 1ie determined by estimating the
plasticity wusing the field identification procedures for
fine-greined s=soils or fractions (dry strength, reaction to
shaking, toughness, etc.). Laboratory tests are then carried
ocut to accurately identify thé material using Casagrande’s
plasticity chart.

(f) The system uses names and symbols to disgstinguish betwveen the
typical and boundary so0il groups.

(g) The system provides for the classification and description
of soils both for construction purposes and for use in place

as a foundation.

Procedures for clasesifying =oils according to the Unified
Soil Clesggsification system are shown in Fig. 8.7. The
characterigtics of the fifteen s0il groupe of the Unified Soil
Clagsification system are shown in Table 8.3. A major veakness of
all textural-plasticity classification systems is‘that they deal
with remoulded soils and tell little or nothing of the structure
of the =g8o0il insitu. This weakness can be alleviated to =some

extent by giving all available information, geologic, pedologic,
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etc. to establish aerial extent, occurrence, and in-place
conditions of the different types of so0il strata in a foundcdation

or proposed material s=source.

8.6 GBGENETIC CHARACTERISATION OF LATERITIC MATERIALS

Those who are conversant with +the characterization of
temperate =zone sediments containing mainly kaolinite and illite
minerals mwmight not see the need to discu=ss weathering processes.
Hovever, the need for information on the formation and genetic
characteristics of these naturally occurring gravelly sgoile will
be appreciated later in the paper. For example, tropical gravels
are generally heterogeneous, morphologically, texturally,
chemically, physico-chemically as well as mineralogically and as
these genetic and compositional factors considerably influence
geotechnical properties and engineering behaviour we need to draw
on this data to evolve meaningful standards for highway
geotechnice for tropical environments. The importance of geology
and pedology a2 well as the need to differentiate one material
from the other from various view points have been summarized by
three noted international specialists. According to Skempton
(1953) in =20il mechanice one 12 dealing the geological materials
in a natural geological environment, and to neglect this fact i=s
to run the rigk of a short-sighted approach which may, in the
extreme casges, he nothing less than disastrous, but the debht of
geologistse to 8o0il mechanics is also becoming considerable in
practice, gince the methods pf 2011 mechanics apply quaiitative

results to engineering geology problems.
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Wooltorton {195%) stated that engineering pedology is the
science of investigating engineering =o0il problems, making use of
all +the natural laws known to be operative under the particular
and specific conditions prevailing. Engineering pedology begins
with the knowledge of rocks (parent materials) and weathering
conditions and processes from which it deduces logically +the
nature of the end-products, especially the morphology, lithology
(texture), chemistry and mineralogy. In pedology i=s to be found
an understanding of the secrets of =0il properties such as those
of cohesion, of +their resistance tao stress, their wmoisture
relationships, their reaction to the various kinds of additives
incorporated for the purpose of moisture and strength
stabilisation. Kubiena {1948) asserted: "Sgow me your
(classification) system and I will tell you how far you have come
in the perceptions of your research prohlems".

Recent developments in geotechnical engineering practice
(e.qg. Mitchell, 1976) have revealed that there Bre major limita-
tions associated with even the very popular Unified Soil
Classification system. This has caused the development of numeral
regional and national so0il soil classification systems,
especially for tropical residual and unusual soils. Among the
many classification systems and development trends reported in
literature are:

(a) The plasticity and colloidal activity index so0il

classification system (e.g. Vargas, 1988).

(h) Developments in the recognition, characterisation, testing,
identification and classification of tropical residual soils

{(e.g. Brand and Philipson, 1983).
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{(c) Application of degrees of chemical weathering in the
identification and characterisation of tropical socils (e.g.
Little, 1967; Gidigasu, 1974; Gidigasu and Kuma, 1987;
Sueoks and Les, 1988).

(d) Field recaognition, description and identification of
tropical residual soils using pedological data (e.g.
Gidigasu, 1988.

(e) Morphological characterisation and identification of
tropical residual soils (e.g. Brand and Philipson, 1985;
Cooke and HNeville, 1988).

(£) Fabric (micro structure) and pore size as indicators for the
engineering characterisgsation of tropical soils (e.g. Lohnes
et al, 1973; Irfan, 1988; Tuncer, 1988).

(g) Mineralogical composgition in the identification of tropical
residual =soils (e.g. Wesley, 1988).

(h) Chemical and mineralogical composition as indices for
classgifying tropical residual soils for engineering purposes

(e.qg. Shellman, 1979; Ingles and Metcalft, 1972).

Coupled with the above developments some soils have bheen
found to be so different genetically, particularly due to the
presernce of certain clay wminerals, or peculiar fabric, or
presence of salts that they do not render themselves amenable to
the standard laboratory and field identification and classifica-
tion tests and procedures. Some of these materials include
dispersive soils (e.g. Emerson, 1957; Sherard et al, 1976y,
erogive soils (e.g. Holtz and Gibbs, 1967); structurally

sengitive soils (shrinkable scils) (e.g. Tuncer, 1989 and Lambe,
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1960; Gidigasu, 1971; Danson, 1972, extremely varisbhle in terms
of moisture content and strength properties (e.g. Hirashima,

1948) ar due tao saome compositional factars the strength

praoperties are variable (e.g. Salasetal, 1973) ae vell as'
collapeible egails (e.g Dudley, 1970; Reginnato et al, 1973).

Methaode for identifying these unstable and sensitive soils have
heen discussed 1in detail in the literature cited. The
cleggification charts, tables and behaviour during the drying
process, their behaviocur in relation to relative humiditiesg,

heeting temperature versug loss in weight relations, variabili-

ties aof moisture with depth, and effect of =salts on the collapse
potential and strength are suﬁmarised in Fige. 8.8 to 8.18. Far
the purpose of further discussions the study was confined to the
stabhle lateritic meterials that have been identified uging Table
8.4. The geotechnicel characterisation flaow chart used is given
in Fig. 8.19, wvhile summery of significant properties and useful
testing procedures are sgummarized in Table 8.5. Two mein soil
types from the Kumasi area were used for detailed studiee for the
production of adobe blocks and rammed earth wvell as well as locel
lime stabilisation for block production. They are reddish fine-
grained soils, the SANTASE SOIL and the micaceocus sgandy 1loam,

FUMESUA SOIL. They are the commonest soils formed in the moist
sgub-humid =zone lateritic and residual materials. The laboratory
testge all confaorm to the British Standards Pracedurees (B.S. 1377,

1975), except that ve used air-drying instead of oven-drying for
the identification and classification teets. This ie based on

established fact of the undeesirable effectz that the oven-drying




do have oh some of the lateritic soils, and Ghanaian lateritic
goils are not exception (e.g. Gidigasu and Yeboa, 1972).

The particle esize dietribution, plasticity classificetion,
and textural clasgsification as well as compaction characteristics
of typical lateritic loamy clay (decomposed phyllites) are also
given in Figse. 8.20 to 8.30. The effect of depth of sample,
compaction degree on the one hand and the bearing strength (éBR),
ag wvwell as 8wvwell and uniaxiel compressive strength are also
énmmarized in Fig. 8.31 to &.36.

Detailed discussion of the resultse presented as charts,
tables and figuree are self-explanatory, reference will be made
to them in more detaii vhen investigeting them for the production
of adobe blocks, rammed earth wall and lime sgtabilised block

production.
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9.0 CHARACTERISATION OF LATERITIC MATERIALS IN GHANA FOR THE
PRODUCTION OF ADOBE BLOCKS AND RAMMED EARTH WALLS

In designing earth buildings the specialist shaould k;ov the
relevang significant so0il properties =such as the strength,
durability, valume stability, permeability and moigture
abgorption. The construction engineer or architect generally has
to wmake use of variable sail, gravel, or rock wmaterials to
construct the buildings. He must be praperly equipped to provide
suitable, reliable, acceptable and affordable buildings that meet

the neede of the beneficiary.

9.1 STRENGTH

Strength ie a critical parameter in the stebility of earthen
materials. Teste used to determine the strength of =soils a8z a
construction material can be divided into three groups namely,
shear, bearing and penetratiaon. Shear testse are usually made on
comparatively s=mall sampies in the lasboratory and thus anly
determine effectively the strength properties at a point in the
s0il mase. Some shear testzs can also be used ta determine the
madulus of deformation for use in theories of stress distribution
in an assumed earth wall thickness requiring a value of the
madulusg of élasticity. Bearing tests are in a sense loading tests
made in the field on the sBurface of the =o0il mass. The resulte
are therefore affected by variations in =so0il praoperties within
the volume of the =so0il stressed, and give an overall measurement
of the strength of a part of the =s20il mass.

Penetretion tests are made either in the field or in the
laboratory and like shear testse, only determine effectively the

strength praoperties st a point in the =0il mass.
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It is to be noted that adequate strength is a basic require-

ment for the stability of earth buildings.

9.2 DURABILITY

In common with all other construction materials, registance
to the processee of weathering, eroeion, aﬁd‘chemical degradation
iz a very desirable condition. This may be termed durability. A
wide range of durability is found in natural rocke and sgoils and
the upgrading of thosge with poor durebility ie often des=irable.
Poor durability can be & problem both in natural and stabilised
goile and is chiefly a surface problem. Lowv durability earthen
construction materials 1is8 reflected in high mainteéenance costs
rather than in major structural failures, although structural
failureeg are known to occur in special cases.

In s=some natural soils, poor water resistance is associated
with Jdispereive and ercodible soile. In stabilised =soilse, poor
durability can resgult from aspectes sguch ag inferior mix deeign,
a wrong choice of sgtabilizer, ingufficient stabili=zer, or
inadequate chemical or wvater resistance to weathering.

A numbher of teste for assesging the durability gf soils and
stabilized goil=s for building construction have been proposed but
moet of them are deficient. For example, wveathering tests have
not been sufficiently developed to ebéﬁle us define abrasive
registance, and tests of water resgistance are generally qualita-
tive rather than quantitative. Because of the lack of universally
standardigsed test procedures, durability is one of the mosat

difficult earthen material evaluation problem=2 +the building



degigner must face. A common solution is to overdesign; this can

be neither economic nor even technically sound.

9.3 VOLUHB STABILITY

Many clayey &8oils swvell or shrink with changes in their
moisture contents. These volume changés if wuncontrolled, may
.rapidly disrupt wvall surfaces, caueing cracking of the wallse;
thig 1leade to econowmic loss. The svell and shrinkage may be
caused mainly by changes in the vater contentes of the sgoil, and
can be vwholly overcome by preventing these changes. Various
methode of controlling moisture variations and so0il volume
changes have been proposged in recent years in earth building
congtruction technology with various degrees of guccess
particularly when uealing with clayey =o0iles (e.qg. Okine, 1970).
Volume gtability way be ensured either directly through the
control of . eallowable volumetric changes or indirectly through
specifications of allovable limite of sowme =s20il index properties
such as fines content or Atterberg limitse (e.qg. Houben et =al.,
1989). The magnitude of volume changes caused by moisture changes
depends essgentially on the mineralogy of the soii. For example,
80oils containing expansive clay minerals such as montmorillonite
ghould generally be avoided while keolinitic s=o0ils with low
svelling properties should be preferred. The control of the
potential volume changes is related to the stable moisture
content associated with the relative humidity of an environment.
For example, in vet areas stricter controls should be placed on
the fines content and on the plasticity limits while in drier

areag the gpecification limits may be relaxed.
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S.4 PERMEABILITY

Permeability preaents.engineering problemsg in earth building
congtruction especially ag regards the capacity of the sg0il to
absorb water. Low permeabilities ere usuaelly associated with
eails of high cla& content, especially vhen some go0il salinity is
presgent. Degiccation of &a cracking clay leade to high initial

permeability when re-wvet. .

9.5 PREDICTION OF LONG-TERM STABILITY OF SOIL BASED BUILDINGS

It has been established (e.g. Gidigasn, 1987) that the
stability éf g0il based building materials can be partially
predicted through laboratory and field studies. Some aof the
important laboratory testse include the veaathering and crusghing
strength teste on wanufactured blocke cured after saspecific
periaode. These tests have received a8 lot of attention and it has
been eztablighed that wvhen appropriate moulding maisture, deneity
and pressure conditions are selected the dry crusghing strength
can be fairly high. Indeed, the vet gtrength can alsa be
appreciably high and earth well designs can be based apparently
an the crushing strength of the blaocks alane. But wvhen wve gtart
caongidering the behaviour of the building waells on 1long term
basis the key soil properties are resistant to cracking, chemical
degradation and weathering as vell as decline in durability.

Durability test of various kinds have been evolved; same
directly and otherg indirectly. For example, the linear or bar
ghrinkage test ie meant to agsess the extent tao which the wall,
if not properly protected, can ghrink. Shrinkage may causge a lot

of crackse in earth walls. Water enters these cracks, gets to the



vall itself and triggers off pronounced processes af chemical
veathering and degradation of the wall. In trying to prevent the
long-term degradation of earth wvalls, sand, lime, cement, bitumen
or strav stabilisgation have been introduced. These stabilisers
act to control the degree of shrinksge and secondly, they serve
ag a protection against the adverse effect of water.

The resgulte of the gtudy under thig praject Aave amply
confirmed that laboratory tests alone have many limitations. It
is, therefore, desgirable to vundertake field studies on the
performance of different types of earth walle in the various
climatic conditions. The project team also studied the exposure
valls constructéd at Fumesua of adobe, rammed earth and lateritic
stone cut blocks; they will still be obsgerved for a long time;
Thesge walls have undergone a few dry, and rainy season periods.
Studies on some walls that have been exposed for many years wvhen
the building roofs wvere ripped off by rainstorms= have also been
examined. For example, some walls have been exposed to rainstorm
for 5 to 10 years and are still standing. This seems8 to =suggest
that earth wvalle do undergo esome proceesses - of deegiccation
regulting in the development of nev micro-gtructures of the
valling materials making them very resistant to the adverse
effects of the alternate drying and soaking from the driving rain
vater. A literature search including experiences gathered at the
Building Research Establishment (Coad, 1979; Lunt, 1980) and
congiderable field tests carried out in Ghana (e.g. Sperling,
1962; Bawva and Hornsby-0Odoi, 1965; Gidigasu, 1965; Coad, 1979;
Lunt, 1980; QOkine, 1970) indicate that even emersion of blocks in

wvater, water jets test of blocks for same period are unable to
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provide sufficient criteria for separating the good borderline
and poor materials selection criteria and for the prediction aof
the 1long term stability of earth wallsg under field climatic
conditions.

It does appear that the performance of earth walls in the
various climatic conditions would form the basis of defining
optimum criteria particularly for materials selection for the
suitable rammed earth and the lime stabilised blocks wvalls.

As regarde the problemg of earth walls protection by
plastering, using various materials and congstruction technologies
against weathering due to effects of water, the literature survey
and field studies have shown that environmental factaors such as
relative gumidity, wind direction, rainfall intensity,
temperature etc. are relevant parameters to be considered by the
designers to ensure acceptable indoor climate for human
habitation. During the end of project seminar the recommendations
wvhich will form the basis for evolving the materials acceptande
criteria, standards, specifications and Codes of Practice would
be discussed. In particular selectiaon conditions definition and
construction technology, praotection of the walls, and degign
agpectg 1in relation to the orientation of the building east-wvesat
to ensure acceptable ;ndoor climate will also be discussed.
Protection of the foundation as well as the ground around earth
buildings ageinst ero=sion will al=o be discussed and conclusions
drawvn to guide earth building construction industry in the West
and Central Africa. In the Inception and First Technical Report
the process of winning lateritic soils formed in the moist sub-

humid climatic =zone overiphyllite {schist) and over muscovite
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granite (to form micaceocus £o0il) were discussed. The most
important lateritic s20il types ;n the dry sub-humid zone are the
vell-drained gavannah ochrosgols formed over igneous and
metamorphic rocks and the groundvater lateritic so0il formed over
shale and mudstone under poor internal drainage conditione.

The =s0il from the dry sub-humid zone was sampled from Poase
Cement and subjected to classification testing and compaction
characterigation in the laboretory for the purpocge of defining
the conditions of moulding the adobe blocks. It was expected that
after the construction of the first demonstration building at
Kokoben (Kumasi) the definition of moulding adobe block
conditions for groundvater lateritic soils in tﬁe gemi-arid =zone
as vell as for oxysol formed under the humid climatic zone of the
south-vestern part of the country will be better appreciated. A
lot of effort has heen made to identify +the lateritic s&oils
cbmpaction conditions for trial moulding of cylindrical specimens
which vere subjected to laboratory uniaxial crushing tests after
various curing periods and conditions. Since some of the =oile
could be very clayey, sand stabilisation was also included in
this phase of the study. The process involved the blending of the
very clayey solils with specific quantities of defined sand, and
on the basis of curing and crushing tests the optimum sand
content required and the density and moisture of moulding of the

adobe blocks vere defined.
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9.6 LABORATORY PROCEDURES FOR THE CHARACTBRISATION OF TYPICAL

LATERITIC SOILS
9.6.1 Pitting and taking of -oil samples

The pita wvere dug with ﬁick-axes and mattocke as well a=s
hand eugers vith the materials sampled at appropriate depths.
Soil =ampling wvas carried out to depthe of sbout 3m. The main
three horizone of lateritic soil profiles were then defined,
namely laterite =zone below the humous rick +top so0il (which
extends to a depth of ebout 1.00m); the mottled horizon (which
extends between gay 1.00m and 2.10m) and the pellid {(saprolitic)
horizon (which extendz below 3.00m) at the particular site. In
dug holes, stepe were provided at one side of the pit to
facilitate entering for side inspection and coming cut of the
pit. Colour differencezg formed the main bhasis for taking
disturbed =0il samples into plastic bags, tied to prevent loss of
moisture before being conveyed to the labhoratory for claseifica-

tion, compaction and uniaxial crushing tests.

9.6.2 Preservation and storage of soil samples

Any eo0il sample collected ie put into a polythene bag,
labelled &and s8ealed with sgellotape or tied with a string to
prevent loss of moigture under field conditions. It is very
important to ensure that the polythene bag is not punctured
during +transportation of the-soil samples to the 1laboratory,

othervise some moisture may be lost through evaporation.

9.6.3 Chemical composition and the particle size distribution
The chemical analyses of the g2oils from Fumesua and Santase

were carried out at the Chemistry Department of the University of
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Science and Technology, Kumasi, and the results are summarised in
Table S.1.

The Particle Size Distribution test vas carried out uging
the hydrowmeter wmethod. Anhydrous sodium carbonate and sadium
hexametephosphate solutions were used for dispersing the fines,
before carrying out +*the test in accordance with procedures
stipulatea in the British Stendardse (s8ee Gidigasu, 1980). Air-
dried samples vere, hovever, used instead of ovendried oneg as
stipulated in the B.S. Standard (1377; 1975) (see Gidiga=su and
Yeboa, 1972). For example, the results of perticle gize analysaie
for the specific =sails in the triasl adobe praduction studiee ere
given elsewhere in the report. Resgults for Santase and Fumesua
(Kumasi) soile are given in Fig.. . 9.3 thoee for Poase

Cement are given elsevhere {(gee Fig. 9.4).

-

9.6.4 Atterberg limits and linear shrinkage tests

The Atterberg Limite and the Linear Shrinkage tegts vere

carried out under four different conditions.
The first test wae carried out on the freshly dug =o0il; the

gecond condition of test vas the freshly dug semple sosked in

distilled vater for 24 hours; the third condition wvasg the sample

oven-dried =at a temperature of 105-110 C for 24 hours before

teat, while the fourth condition vas air-drying of theAéample at
raom temperature of about 25 C for 24 hours before the test; the

resulte of Fumesua, Santase, and Poase cement are given in Table

9,2 and Fige. 9.5 and 9.6.

79




9.6.35 Large mould bar linear shrinkage test

The Bsample used for this test vas prepared exactly as for
the 1liquid 1limit test. The soll vas mixed thoroughly with
diatilléd vater to make it near fluid before the liquid limit
test. A V-shaped groove wvas cut in the soil of exactly 2mm wvide
with the side of the groove sloping at an angle of &0 to the
horizontal. If the groove closed after about S taps of the dish
against the wvriet of the hand, the sample moulding moisture
condition wvas just right.

A very thin coating of oil vas applied on the inaside walls
of the vooden mould. This prevented the soil from sticking to the
mould during drying. A quantity of the vet soil vas placed inside
the mould to fill one-third of it. The filled mould wvas gently
5 _tapped on the bench to cause the soil to flow into a &mooth
layer,- thereby removing unvanted air bubblea from the socil paste.
Additional wet soil veas pleced inside the shrinkage mould until
it was full. The excess 80il vas scrapped from top of the mould
vith 8 straight edge. The =o0il bar wvasg then dried. TQ prevent
cracking the semple vas dried in stages; the firast stage at room
tempera-ture of about 25 C for 24 hours and then in the oven at a
temperature of 105-110 C to conatant weight. The length of the
dried goil bar was measured and vith known internal length of the
mould computation of the bar shrinkage values vere carried out
(see Appendix 1). Typical teast results are given in Fig. 10.5.

The results of the Atterberg and shrinkage testzs vere summerised

‘and are given elgevhere in the report.
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9.6.6 Compaction characteristios of the rav soil

The 8o0il from the three zones of the soil profile were
mixed in equal proportions into a fairly homogeneous mass before
used for testing. The mixed goils sample was air dried at a
temperature of 25 C. No quartering was done because the soil was
mainly fine-grained. The 80oil was mixed at different moigture
contents, all cured at a constant room temperAture of about 20 C
overnight to ensure even distribution of moisture in the =so0il
before compaction test was carried out, typical results are given

in Fig. 9.7 and Table 9.3.

9.6.7 Compaction test

For the raw soil three levels of compaction were adopted.
These are the Modified AASHO, West African (Ghana) and the BS
Standard (near Standard Proctor).

In the Modified AASHO Compaction test the compactive effort
employed is 4.54kg rammer falling through a height of 45cm on the
g0il in S5 layers in the CBR mould of 2305cm each layer receiving
55 blows.

The West African Compaction prbcedure is tge'same as that
of the Modified AASHQ e:xcept that each layer received 25 blovs.
In the BS Standard Compaction method the amount of compactive
effort was 2.35kg rammer falling through a height of 30cm on the
g80il =sample compacted in 3 layers in the CBR mould of 2305cn

each layer receiving 355 blows.

S.6.8 Moisture density relations

The moisture density relationship curves for the micaceous

g80il wvere shown in the first technical report. The maximum dry
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densitiee range fram 1.53mg/m for the BS Standard to 1.67mg/m
for the Maodified AASHO. The caoarresponding optimum moisture
content range bhetween 17.5%Z and 14. 47. For the Santase escil, the
maximum dry deneity valuee were 1.6img/m for the BS Standard ta
1.83mg/m for Modified AASHO. The corresponding opitimum molisture
cantente sre 17.8% to 13%Z.

The test resulte an rav soile were given in graphical

presentationg in Fig. 9. 8.

9.6.9 Send stebilisetion

In cecses af very clayey ecil, gand estabilisation wae found
ta be helpful in the manufacture oof the &sdobe blacke. The
laborastory eand etabilicsation wase therefore attempted; the

detaile are reported elsewhere in the report.

9.6,10 Mixing method

Mixing was done by hand. The sand wae added to the scil in
the following proportione 0%, 5¥%, 15%, 30%, S0%L; thoroughly mixed
in a8 tray before adding water to 1it. There waes the curing of the
mixed g£0il wmase for 24 houre bhefore the compaction test wae
carried out.
9.6.11 Atterberg limits, linear shrinkage and moisture density

relationships

The BS Standard (1377/1275) wae used for the determination
aof particle size distribution, Atterberg limite, and compaction
teste on esand etabilised ecils, except that air drying wase
adopted throughout. The reesulte obtained were esummarised and

given elegevhere in the repart. The effect of sand etebilisatian
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aoan the Atterberg limits (Teble 9.4) and aon compaction curves of

the various so0ils are alsao given in Fig. 9.9.

9,6.12 bompressive strength test on rav and sand stabilised soils

The whole so0il sample was used for the test as was in the
case oaof the compaction test. For the raw s80il +the moulding
candition was the maximum dry density and the optimum moisture
cantent of Standard Proctaor Compaction; The sgand stebilised soils
wvere @8lso prepared at appropriate maximum dry densities and
optimum moisture contents, typicael results are given in Table 9.5

and Fig. 9.10.

9.6.13 NMoulding of test specimens

Moulding of test specimens was done by static compaction in
a 1570cm cylindricel mould. The diameter of the moulded specimen
is 100mm and the height is 200mm. Light o0il wes applied ta the
inside of the mould before filling ;t with the 80il to make
extrusion of the compacted specimen easy and alsao tao avaid shear
cracks on the specimen surface during extrusion. The caompacted
sepecimen were stored in sealed polythene bags for some 24 .hour
curing before test. Three specimen vere prepared and tested for
each preparation candition. The resultse obtained are summarised

and are presented elsevhere in the report.

9.6.14 Surface texture of moulded compacted specimens

The surface texture of the compacted specimens varied from
rough to smooth. The rav soil specimens a8ll had rough surfaces;
the roughness, hawvever, decreased as the percentage of the

additive increased. Generally, the 30X to S0X sand stabilicsed
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epecimene were quite smooth, vigually devoid of any voide while
eamples containing lower sand contente had varied =sizes of surfa-
cial voide on the moulded compacted specimens.

The preliminary laboratory gtudies revealed that mechanical
blending o©f sand with clayey soile was cometimes helpful to
attain optimum grading curvee for good adcohe hlocke wmanufacture.
For example, for moet of the soile studied addition of about 304
eand gave the moet desirable moulding strength for the adobe

blocke produced.

9.7 TRIAL MOULDING OF ADOBE BLOCKS

9.7.1 Taking of Samples from the Pit

A eite near Santasi in Kumasi was eselected and & pit
measuring 2m x 1.54m x 3.5m deep was dug using pick-axe and
ehovel. Scil samples vwere collected into poclythene bage at depthe
of 1.0m, 2.0m and 3.0m. Each sample bag weighed about 20kg. The
polythene bage wvwere sealed in a manner that would retain the
moisture in the scil. Three bage of samples were sampled at each

level from the triael pit.

9.7.2 Storage and preservation of soil

The e£0il esamples in the bage were then trangported to the
Temporary Shed at Fumesua where they wvere steored until they wvere
ready to be tested or used. Some representative samples from each
bag were eselected <for the determination of natural moisture
content and other laboratory tests. The laboretory analysies were
carried out by techniciane in the BRRI laboratory. Sand stabili-

eation on the s0ill was alsc carried out by the technicians to
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determine the optimum moisture content and percentage of eand
required to be able to achieve the maximum uniaxisl strength.
When the optimum parameters were achieved, the values vere used

to mould the blocks.

S9.7.3 Preparation of the soil including mixing

Before the trial mouldings were commenced, one bag each of
the 8s0il egampleg from the same depth were thoroughly mixed and
ite wmoisture content determined. With the mixer not yet
purchased, the mixing was done with a s8hovel on a wooden
platform. After determining the moisture content of the mixture,
the amount of water needed to be added to achieve the optimum
conditiong as8 given by the laboratory compaction results was
added &and the mixture mixed thoroughly for over five wminutes.
Some of the =20il mixtures vere taken for moisture content
determinations. The 80il mixture vas then covered with plastic
bags and vet sacks and allowed to cure for five (5) days befoare
moulding.
9.7.4 Adobe block moulding moisture content and density for the

soil

After the determination of the moulding moisture content and
the densities which were found to be between 23-28X% and 1827 to
1987kg/m respectively, trial adobe blocks were moulded in the
TEK BLOCK PRESS. The =sc0il samples vere mixed with water to
appropriate moisture contents and cured in each case for 5 days

using the same procedure as described above.
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9.7.5 Moulding of raw adob; blocks

The TEK block machine was used in moulding the blocks. The
characteristice of +the TEK block machine compared with the
CINVARAM Presge are given elsewhere in the report.

Initially, the amount of so0il to f£ill the mould was measured
but with time it was filled without measuring through the
experience gained. Three people were able to mould 150-200 blocks
a day when they mixed the so0il and moulded the blocks at the same
time. But when the soil had already been mixed, the three people
could mould between 250-300 blocks a day. The processes of
praoducing the adobe blocks are illustrated elsewhere in the

report.

9.7.6 Period of drying under the shed

The moulded blocks were dried under the temporary shed at a
temperature of about 25 C for varying number of days ranging from
7 days to 90 days and then dried in the sun at about 25-30 C for

7 dayes before testing for the uniaxial compressive strength.

9.7.7. Determination of moulding moisture content

Some of the moulded blocks were weighed and some of the soil
samples put in the oven at a temperature of 105 €C to 110 C for 24
hourg to determine the moisture content to enable the moulding
dry density to be determined.
9.7.8 Effect of moisture content on the texture of and outside

appearance of the blocks

Moulding moisture content had a very significant effect on

the texture of the outside appearance of the moulded blocks. It

wvas observed that the blocks moulded with moisture content of the
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ratio of moulding m/c to the optimum m/c of between 0.8 and 1.2
gave a very smooth and good textural appearance; thaose with
ratios between 1.2 to 2.0 gave appearancesg which wvere nat ga very
pleasing tao the sight. Some hair cracks could he seen on the
black moulded on the wet gide aof the optimum maisture cantent.

It was aleso aobserved that with maiéture contents ratia of
1.6 ta 2.0, the moulding became very difficult-with the TEK block
machine, wvhich shoved that +the machine was not sgsuitable for
making blaocke that contain toa much water. The ideal moulding
vater content should be within 5% to 10X wet of the aptimum

moisture cantent.

9.8 CHARACTERISATION OF TRIAL MOULDED SOIL BLOCKS

The general characteristicse of the moulded blacks were faund
to be that, when moulded on the dry side of the optimum maisture
cantent, the appearance of the blocks looked very pleasiﬂg and
beautiful, but after air drying for =2ame days some hair cracks
began to develop on the surface. The onesg maulded at about 5S% wet
of the optimum gave blocks aof goad quality and very pleasging
appearance with no craecks on them when air dried. It alsa gave a
goad compressive strength value. Thase maulded on the wet side of
the optimum with ratioe between 1.2 and 1.4 gave a fine
appearance but alsoldeveloped game cracks after air drying faor
same days. Thoge in the ratio between 1.5 and 2.0 gave prabhlemg
during the moulding and when moulded shaoved cracks on them which

enlarged after air drying for =some few days.
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5.8.1 General comment on the most appropriate moisture
content of moulding adobe blocks

It was obsgserved that with the TEK block machine, the most
appropriate moulding water content was between the ratios of 0.8
and 1.2 of moulding m/c to optimum m/c. Beyond both sides of this
ratio range the blocks showed some cracks after drying. It is
adviged that the blocks should be moulded on the wet side of the
optimum 8ince the compressive strength was higher for those on

the wet =ide than those on the dry side.

9.8.2 Determination of density of the blocks

The bulk denegity of the moulded block was determined by
weighing the block and dividing by the volume of the block.
Moisture contents of the moulded blocks were also determined by
drying some of the goil mixture used for the moulding in an oven
at a temperature of 105 C to 110 C for 24 hours. The wmoisture
content obtained was used to calculate the dry deneities of the
blocks. The dry densities were found to be in the range of 1827.0

to 1987.0kg/m for the adobe blocks.

9.8.3 Crushing strength of raw soil blocks

After the air drying under the shed at a temperature between
22 C and 28 C for a period ranging from 14 dayes to 60 days, the
blocke were then sun dried for 7 days and then sent to the BRRI
concrete laboratory to determine their crushing strengths. The
moisture content of testing and the weight of the blocks were
also determined before testing.

Some regulte of the compressive strengths, moulding

dengities and moisture content, number of days of air drying and
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the water content of testing are summarised’ elsevhere in the

repart. The compressive strength of the adobe blocks were found

except 1in three cases tao be in the range of AO{D 130 pei with

the higher values obteined for thase mouldeﬁ with the wmoulding

m/c to aptimum m/c ratios of betvween 0.8 and 1.2

9.8.4 Method of mixing scil with sand, time of mixing and
moulding of blocks

After the trial moulding of the rawv scil, the scil wvas then
stabilised with sand. The laboratory technicians .had earlier
carried out +trial tests in the laboratory to obtain the
appropriate parameters for esand stahilizatiﬁn. It had been
established that about 304 sand cantent gave the best stahilisa-
tion resgults both in appearance and in strength. With +this
informatian, the Santasi goil vas stabilised with 30X sand. Sand
stabilised blocks were then praduced in the TEK block press.

The mixing was supposed to have be;n done with a mixer, ' but
since the mixer had at that time not been purchased, the wmixing
vag done by hand using shovels. It was alsco anticipated that
since this technology wes to benefit the rural people, there vas
a possibility that the villagers would not be sble ta purchase a
mixer and would therefore be using shavel mixing. The mixing wvas
done by two labourers using shovels an a voaden platform. With
the optimum wvater contents and density relaticonships already
established in the labaratory, moulding wvater content vas
defined. Each scil water (20il mass) was mixed thoroughly an the
platform for 10 minutes. The mixture wvas then covered with
polythene bags and vet sack to allow for curing and

hamaogenigation of water for four days. After the 4 day=s curing,




the moisture content of the mixture was determined and the
moulding of the +triel etabilised blocke made. The moulded
etabilised blocke were air-dried under the shed at temperature of
between 25 C - 28 C for a periad of time ranging from 7 daye to
60 dayse. After the air drying the blocke were sun dried at around
25-30 C for seven daye before subjecting them to the crushing
strength determination.
9,8.5 Crushing strength of selected sand stabilised soil
blocks

The crushing of the blocke was carried out in the BRRI
caoncrete laboretory using the Avery Compression Machine. Moisture
contente at test were determined. The hlockse were also weighed to
determine the densities at test. The crushing strength results of
the tested blockse are reported. The adobe production process
uging TEK block machine is illustrated in Fig. 9.11. Typical
cured, ecientifically produced adobe blocke are given in Fig.
9.12. Note the difference between the scientifically produced
blocke &and those produced by a rural unekilled moulder in a
woaoden wmoulde in Fig. 9.13. It is also noted that adobe blocks
produced from raw micaceous so0il started to disintegrate under
the =shed without being exposed to rain (Fig. 9.14); typical
micaceous so0il blocke exposed to rain for three manthe are almost

back to the condition of =o0il {(Fig. 9.15).

9.8.6 Mode of crushing
Crushing of the sand stabilisged =0il blocke vere carried out
at the BRRI concrete laboratory using the Avery Compression

machine with the same process as was used for the adobe blockes.

90



5.8.7 Stress-strain relationship for crushed raw and
sand stabilised blocks

Unfartunately, straein measurements weré‘not taken during
testing and as such stress strein graphe could not be plotted. It
ig hoped that strain meas2urements could be taken for egubsequent
tests. Trial lime stabilisation of the so0il for blocks praduction
wvag carried out using lime produced by the Building and Road
Regearch Inetitute. .

9.9 ESTABLISHMENT OF CRITERIA FOR SELECTING SUITABLE MATERIALS

FOR RAMMED EARTH AND ADOBE BLOCKS

Criteria and specificatiaon developments for definition in
earth construction is normally the regult of 1lsesborestory, field
congtruction and performance evaluation studies. Studies and
review aof exieting &gpecificetions and Caodes of Practices
established elsevhere are alsa useful. Traditionally, certain
empirical testa have been praposed for szelecting natural egoile
for the production of bricks, adobe and rammed earth wvalle. Some
of these tests include the following (Stulsz, 1981; Habitat,
1986).

(a) Vigual test

(b) Sedimentation test

(c) Wet sghaking test

(d) Thread test

(e) Ribbon tesgt

(£f) Dry estrength test

(g) QOdour test

(h) Bite test, and

(1) Shine teegt
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These teste could reveal &8 lot of information tao an
experienced or expert socilse or materialse technologist, hut to =a
novice 1in the field, they can only represent preliminary field
identificaetion teste for eselecting =sc0ile for the routine
labhoratory characterisation tests such as particle sire analyeis,
Atterberg limite and shrinkage tests, compaction test, as well as
other complicated strength, durability and weathering tests
requiring sophisticated laboratory equipment. Mitchell (1976) and
Ingles and Metcalf (1972) have shown that for a caomplete under-
standing of +the fundamentals of +the behaviour of raw and
stabilized goiles and, in particular, toa help the so0il
technologist to select +the most appropriate stabilizer, or
caombhination of stebilizers the most important of which are
cement, lime &and bitumen, indepth study of +the so0ilse is
necessary. For e:xample, information available from laboratories
where so0il stabilisation studies are taken very esericusly faor
law, intermediate and high technology building materials
production, it is absolutely necessary for a complete fundamental
analyses of the soil to be undertaken, including:

(1) Determination of structure and fabric

{2) Pore size analysis

(3) Determination of complete chemical composition:
a) Silica 8102
b) Alumina Al,Qz
c) Iron Oxide Fe, Oz
d) Phosphaoruese pentoxide PO
e) Sulphur trioxide Sax
£) Potasgium oxide K>0Q
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(4)

(S)

g) Calcium oxide CaO

h) Magnesia : g0
i) - Manganese oxide Mn O
R Titania Ti09
k) Sodium oxide Na, O
1) Loss on ignition LOI

Determination of relevant Physico-chemical characteristics:

a) pH value

b) Specific surface

c) Salinity of groundwater

d) Cation exchange capacity

e) Exchangeable ions

£) Total soluble

g) Organic matter content

h) Hygroscopic (airdry) moisture content
i) Other deleterious constituents

Determination of mineralogical composition:

a) Quart=z

b) Kaclinite {(including halloysite)
c) Mica (including illite)
d) Smectite

e) Carbonates

£) Feldepare

q) Allophane

h) Montmorillonite

i) Chlorite

i) Vermuculite, and

k) Gibbeite
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(6) Determination of degree of crystaellinity of clay minerals:
a) Cryetalline
b) Amorphaous
c) Cantent of total amorphous constituents

(7) Assessment of the degree of desiccation of the sc0il; this is
gignificant in the case of so0ile containing unusual minerals

guch as montmorillonite, hslloyesite, allophane, etc.

These parameterse will determine the trend of further research
including the prediction of the chemical and physico-chemical
properties of the raw so0il or the reactions that would take place
between the particular socil and a given stabiliser or combination
of stabilizers.

In recent years, geaotechnical engineering has attempted +to
add value to the criteria for selecting earth materials for
building construction. The geotechnical teste identified as very
ugeful are as followse:

{a) Particle size analyesis

{b) Sand equivalent test

{c) Shrinkage test

{(d) Plasticity teste (various forme of it)

{e) Compaction test

(£) Bearing strength testse

(g) Amenability of the =0il to stabilisation with especific

agents.

The key praoperty of any £o0il ie the particle size distribu-
tion and a rough idea of determining it is illustrated in a test

known a&s sand equivalent test or sedimentation test. The result
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of such a simple test is shovn elsevhere (see Fig. 10.1). Because
particle size distribution is8 such an important characterisgstic of
all goils moet criteria have bheen basged on particle gize
digtribution envelopee 1in the first instance (see Figs. 10.2
vhich ghaove a typicael texture classification chart for <fine
grained ego0ils). In the area of defining suitable materials for
adobe blockes and rammed earth, eignificant contributions have
bheen made in terms of textural features by many investigators.
These are illustrated in Chapter 10. Optimum grain size envelopes
that have been proposed sgeem to emphasisge the validity of the
concept of ideal particle size distribution for obtaeining optimum
dry density (Fuller and Thompeon, 1907). Thie concept has been
widely wutilised in earth engineering including dam and pavement
congtruction. The theoretical basie as developed by Fuller and
Thaompgon (1907) vae meant to help identify optimum grain size
digtribution of aggregate for concrete. This - ha= heen
succegsfully extended to =20il gelection for dam, pavement and
building constructions. The supporting infaermation are available
in literature. The first attempt to identify ideal particle size
distribution for lateritic 2o0il buildings such as adobe construc-
tion appeare to have heen made by Hammond (1973) and recently by
Gagae (1990). The texture, density ranges ag vell as the position
of some goils found suitable for lateritic 20il building and
their plasticity characteristics have been given elsgevhere (gee
Fig. 10.4). Considerable amount of work in defining optimum soile
in terms of particle sgize diestribution and plasticity properties
as vwell as compaction characterigtics for rammed earth, pressed

earth and adobe have bheen reported by Huge Huben and his
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aceociates (gee Huben et al., 1989). The resulte have been based
on etudiese on goile from different parte of the world and are
sumnarized. Before any conclusione can be made in transferring
the existing knowledge of laterite soils we need to get some idea
about major differences between natural =ocils and pedogenic
materials of which lateritic scile are a group. The comparison of
the two material groupe ie given in Table 9. 6. It is interesting
to note that bar ehrinkage test which is a useful test for
identifying eocile for brick and tile manufacture ies eBlec a very
useful teset for defining earth building socile. An example of the
bar-shrinkage test resgult is shown elsevhere teee Fig. 10. 5).
Baged upon the above literature survey resulte, we proceeded to
define tentative specific suitability criteria relating to the
gelection o©f laterite goile for adobe blocke and rammed earth
construction in Chapter 10. The result of the study did show that
the esocile should be well graded. The selection of a particular
material has to be based on trial laboratory characterisation,
trial moulding of blocke and construction of experimental or an
expoeure wall to observe the behaviour with time. In the case of
rammed earth, the same principle of materiale selection ies valid.
However, more gravelly materiale can be allowed for thicker
walle. The maximum particle eize will depend, however, aon the
thicknese of the propoeed rammed earth wall. For the wall
thickness of between esay 0.25 to 0.3m maximum, gravel gize of 25
millimetre may be allowed with paseing 200 size (0.75 millimetre)
falling within 15 and 30 per cent. In every esituation, trial

teste have to be undertaken to obtain optimum grading envelopes
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and satisfactory performance record in relstion to the
environment.

The features and compaction (by pressing) characteristics of
the TEK block machine compared with the Cinvaram prese are given
in Table 9.7.

A typicel empiricel =o0il rating chart for selecting =soils
for adobe blocks production wes proposed by Fitzmaurice (1958);

this ie given in Table 9. 8.
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10.0 PROdEDURE FOR EVOLVING SUITABLE HATERIALS.SELECTION
CRITERIA FOR THE PRODUCTION OF ADOBE BLOCKS AND
RAMMED EARTH WALLS

10.1 INTRODUCTION

In principle, all =so0ile can be used for production of adobe
blocke and rammed earth walle without altering the properties
through the addition of any stabiliéer. This is because wvhere a
gingle =o0il is not applicable, a geriee of soiles can be blended
through mechanical stabilisation to achieve a certain particle
eize disgtribution, plasticity characteristicse and linear
shrinkage to enable the materials to be used. Another approach to
madifying the =so0il property mechanically ies to remove’ some
undesirable particle sizes to make the =so0il amenable to utiliza-
tion in producing adobe blocke and rammed earth wvalles. The
exceptioneg, howvever, are certain unusual type of soile such as
highly organic soils, disperesive eradible and collapesible =o0ils.
For such sails, there are standard methods and procedures for
improving their properties through many geotechnical engineering
procedures including mechanical blending and stebilisation with
cementitious materiaels. Within the framework of identifying =soils
for the production of adobe blocke and rammed earth valls, an
important indicetor of soils suitability or not lies in their

conformity with certein grading (particle size) characteristics.

10.2 LITERATURE REVIEW

One of the early criteriae for selecting suitable materials
in terme of definition of particle size distribution was by the
eo-called sedimentation or sand equivalent test (£ig.10.1). Later

etudiee led to the development of a seriese of 1ideal grading
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envelopes for wmany regional soils mainly from Europe and North
America (SKAT, 1988; Doat et al., 1979; and Hugo et al., 1989)
(Fig. 10.2). The position of these materiasls on the Casagrande
plasticity classification chart (Casagrande, 1948) have also been
defined {Fig. 10.3) for these regional soils. The relastioneships
for some of the suitable soils between the dry denesity and the
moisture content have also been established (e. g. Hugo et al.,
1989) (Fig. 10.3d).

With regard to the use of cement and lime stabilised soils
for building construction many pioneering works have been carried
out (e.g. Fitzmaurice, 1958; Alcock, 1958; Webb et al., 1950) and
recently, by UNIDO (UNIDO, 1987) and United Nations Centre for
Human Setlements (UNCHS-Habitat, 1986). However, for the purpose
of this chapter, we are dealing with non-cementiously stabilised
soils. In Ghana, the first attempt to study the possibility of
identifying unstabilised soil for rural housing construction wase
mﬁie by Hammond (1973) (Fig. 10.4). Considerable work on the use
nf =stahilised lateritic soils for block production were under-
tiiten by Okine (1971); Bawa and Bartel-Konacka (1964) ; Bawa
(1965 Bavwa and Gidigasu (1965); Sperling (1961, 1962); Coad
(1979); Lund (1980); WABRI (1957). In sgelecting soile for cement
stabilisation for housing construction in Ghana, great emphasis

wvas put on the so-called bar/linear shrinkage test (Okine, 1971).

10.3 SCOPE OF WORK DURING THE PROJECT
Experience gained during this study for highly micaceous
sandy soil formed over muscovite-biotite, granite, and the highly

eilty clay =o0il formed over phyllite-schist showed that though
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the two eoile ehowed the same bar/linear ehrinkage
characteristice (Fig. 10.35), adobe blocks produced from them in
the TEK block machine revealed that blockse produced <from the
micaceouse go0ile deteriorated faster under roagm temperature
condition while those produced from goil formed over phyllite
(gee Figs. 9.14 and 9.15%) ) performed Lhetter. Thie brought into
focuse the need for modern approach to residusal €011l
identification &and classification for the production of adobe
blockse and rammed earth welle in which emphasis should be placed
not only on the particle esize distribution, plasticity properties
and bar/linear ehrinkage but more importantly on the
compoeitional factorse of the eo0il, particularly the chemical and
mineralogicel composition, the physico-chemical properties as
well ae the degree of weathering and desiccation. Thie has been
digcueeed in detail in Chapter 9 of the report. The importance of
evaluating the performance of existing earth buildinge in
relation to the nature of the materiale, the construction
technology as well as the operative, climatic and environmental
factorse should form part of field teste to evolve reliable
guitaeble =0il selection criteria. In thie étudy, the literature
review is followed by resulte of field performance studies in the
four main climetic zonee of Ghana. Thesee are diecuesed in detail
in Chapter 7. Thie ie followed by results of studies on exposure
walle built with adobe blocks, rammed earth and lime staebilised
lateritic materials, at Fumesua (see Chapter 13). Very
interesting resulte were obtained during vieite to the various
climatic zonee to teke samples from exiesting wallse where this was

poeeible a&s well ase borrov aereae from where the goils were won

100



«

for the construction. Cognisance vas taken"oi the various degrees
of desiccation of the materials in the walls and those from the
borrow areas. The resulte of the field studies in terms of tﬁe
climatic zone, the housing construction technology, the
performance of the building in relation to the climatic zone as
well as the classification chesracteristics (i.e. particle =size
distribution, linear shrinkage, and plasticity characteristics)
are given (Figs. 10.6-10.11 and Tables 10.1-10.3) according to
the climatic =zone. Materials vwere also taken from borrow areas,
particularly from the semi-arid climatic zone of the north where
some people did not take kindly to materials being taken from
their dwelling walls. In such circumstances, materials were
randomly sampled from borrow areas especially in areas where
adobe or any other earth method of building construction have
been successful. With the project execution, it was found that
all wunstabilized =so0ils failed durability, weathering, wet-
strength, volume stability, and degradation tests and yet some
buildings whose roofs had been ripped off over ten years ago
£till have their walls standing in the face of rain, storm, and
gunshine without disintegrgting. Examples of these walls are
shown in Fig. 10.10. The grading curves of soils samples taken
from the exposed walls are shown in Fig. 10444, The implication
here =seems to be that materials that have been placed in the
wallse do undergo some processes of micro-structure development
and surface coating that make them resist the adverse effects of
the climatic conditions. It i= anticipated that a deeper
ecientific study of the phenomenon of lateritic so0il desiccation

and associated micro-structure development in exposed walls which
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make them sustain adverse climatic conditions without collapsing
for a long time needs to be undertaken as= part of the programme
of local materials development at the Building and Road Research
Institute. Finally, based upaon the examinaticon aof the resulte of
literature search, exisgting lacal information analyesis, results
of studies on field performance of existing earth building
technolagies in relation to various climatic zones as well as
limited data caollected from studies on expasure walls built at
Fumesua, series of tentative criteria for selecting unstabilised
lateritic e0il for the praoduction of adobe blocks and rammed
earth walle are proposed in relation ta the Atakpame, wattle and
daub and adobe walling technolagies. Thie criteria 1is, by no
meane, canclusive. It is expected that studies relating to indoor
climatic canditions including levels of indoor comfort will
follaw through instrumentation of the demonstration buildings
canstructed in the various climatic zones and manitoring aof the
phyesical caonditions of the buildings will also be carried out
cancurrently.

Based upaon the evaluation of the results of studies aon the
performance of the earth buildings in the climatic zones, aptimum
suitability, grading envelopes and plasticity and linear

ehrinkage rangese have heen established in Fig.l012-/0-M4ard Table

10.4.



11.0 DEVELOPMENT OF SMALL-SCALE TECHNOLOGIES FOR THE
PRODUCTION OF LATERITIC STONE BLOCKS

11.1 PRODUCTION AND USE OF LATERITE STORE BLOCKS FOR
HOUSING CONSTRUCTION

The project =sete out to establish thé guitability of
lateritic stone deposits for the production of dimensional stone
blocke for +the various typee of rural housing construction.
Resgulte of esome preliminary setudies carried out under the IDRC
laterite houeing project showved that already a few laterite stone
buildingse exist in some parte of the country. Further to this,
some good outcrope of laterite stone vwere located and mapped in
varioue parte of Ghana. With existing knowledge on improved
methode of stone processing technologies, it appearse desirable
for enhancing Ghana’e housing construction industry to utilize
the great potential offered by the lateritic stone deposite to
increase the country’s housing delivery capacity especially in
the rural areae where financial resgourcee are escarce and the

lateritic stones are in abundance.

11.2 SCOPE AND OBJECTIVE OF THE STUDY

ta) To define criteria for locating the opening up of

lateritic stone quarries.

(b} To develop the technology of cutting and producing
lateritic stone blocks for building construction.

(c) To carry out both field and laboratory testing and
characterisgation for the selection of the moet
guitable lateritic stones for blocke production.

(d) To +train 1interested youngmen to produce blocks from

laterite stones as a means of livelihood.
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LLateritic stone quarries were opened up in the arid climatic
éone (Baolgatanga and Bawku); dry sug—humid zone (Techiman) and
maist sub-humid zone (Kokoben-Kumasi, and Traboum-Kumasi) as
three main study aresas.

The 1investigation was carried out in five (5) phases as
follaovs:

(a) Identificatian, location and wmapping of laterite =staone
deposit aor hardpan outcrop.

(b) Development of pracedure for opening laterite stone quarries
and training of unskilled labour an the praduction of blocks
for commercial purposes.

(c) Evaluation of geotechnical properties of the laterite stanes
and baoulders.

(d) Development of cutting procedure faor lateritic staone blocks
and canstruction cf exposure walls using the blocks.

{e) Evaluation of performance oaof existing lateritic stone
buildinge as a basis for developing standards, specifica-
tions and Codes of Practice for laterite staone black

building congtructian.

11.3 LOCATION OF LATERITIC STONE DEPOSITS

The availability of basic regional geoalogical maps greatly
facilitated the search for laterite stone depasits. Such maps
immediately indicate areas or localities wvhere different types of
stones are likely to oaccur. Far example, the establishment of an
inventory of laterite stone resources in the Techiman district

was facilitated by the use of gealagical maps. Laterite stone
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depositsn identification may be made possiblenusing the following

indicators:

ta) Signs of previous local use of laterite stones.

(b) Cliffs, road cuttings, kill crests and other prominent
landscape features, which usually serve as indicators of the
occurrence of laterite stone deposits.

{c) Areas of scenty vegetation also make it possible to 1locate

lateritic stone at shallowv depths.

11.4 FORMATION AND NATURE OF LATERITIC STONES
Laterite materials, including lateritic stones are known to

be associated with and may develop on all rocks containing

alumino-silicate minerals (Gidigasu, 1976). Studies on the
relationships between laterite =so0ils and parent material
{Sherman, 1952; Nye, 1955; Brammer, 1962; Maignien, 1966;

Loughnan, 1969) have shown that lateritic materials may overlay a
variety of parent rocks such as granites, granulites, gneisses,
schists, phyllites, and volcanic ash. Lateritic stones vere also
identified over shale, sandstones, and limestones (e.g. Cooper,
1936; Brammer, 1952; Hamilton, 1964; and Dowling, 196&). Maignien
(1966) &8lso observed laterite stone on alluvial and colluvial
materials. Indeed one could say that lateritic materials could
develop provided there exists an adequate supply of oxides and
hydroxides of sesquioxides of alumina and 1iron, including
sesquioxide rich materials, and good internal drainage conditions
and appropriate pH medium. In each case, the level as well as
stages to which the lateritisation process could proceed to,

wvould depend on the nature and the extent of the physico-chemical
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wveathering, the primary rock forming minerals and the nature of
the weathering process determined by the eso0il-forming factors
including parent material, climatic~vegetatianal éonditions,
topography and drainage conditiaonse, the pH condition of ground
wvater, and the period of time for which tﬁe veathering processes
have cperated. The sequence of residual chemical weathering and
formation of lateritic materiale including lateritic estone is
illustrated(SE{Z';'{«S5'-82(_59) Lithalogical and geotechnical implica-
tione of lateritisation are also illustrated in Fige. 4.2 and 4. 3.
Experience from laboratory and field studies have revealed that
the formation of laterite materials involvee the transformation
aof maseive rock seysteme of primary feldspar, quartz and <ferro-
magneseian minerale to apparently porouse clayey systemse cantaining
kaolinite, gesquioxides &and same residual gquartz. If +the
sesquioxide rich horizon remaineg caovered by several feet of =o0il,
it may remain relatively soft or £lightly hardened o that it can
etill be penetrated by plant roote. Such material can be dug aout
with pickaxes under the moderately firm conditions and may break
to angular fragments when dropped or struck (Gidigaseu, 1976). If
the horizon is exposed at or near the surface, the remaoval of
g0il from above triggers off a hardening process. Thie hardening
aor induration process appears to be partly a further oxidation
and partly a re-axidation and crystallization of +the iron
caonetituent compounds under the influence of alternate wetting
and drying conditione, ending up in hardened cruste (cuirasse) or
hardpane of rock-like structurese. Generally, the lateritic stones

may be grouped as shovn in Fig. 4. 4.
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11.5 LOCATION OF LATERIfiC STONE OUTCROPS IN GHANA

The study of Black and White panchrowmatic aerial photographs
showved laterite cuirasses and hardpans in places of sparse
vegetation associated with very 1l1little or no agricultural
activity. These laterite materials assume cap position on hill
creste and appear in airphotos as pavements in these topographic

heights. Figure |\.{ shows probable locations of lateritic stones

in Ghana.

11.6 QUARRYING AND WINNING OF LATERITIC STONES AND BOULDERS

By means of the jointing and fractures 1in the laterite
hardpan, chissele were used to wedge lateritic stone blocks
apart; gradually developing a laterite stone quarry. The layering
and stratification 1in some laterite stone deposits make it
possible to obtein the material in slabs of desirable sizes, a
property which enhances the rapid development and production of
laterite blocks.

Under Ghanaeian conditions we have identified three groups of
lateritic stone materials. The first group is lateritic boulders
which have to be identified through excavation of lateritic soil
depoesits. The maximum dimension of such boulders may be up to =&
metre 1in diameter. For example, Fig.“,z ghowes labourers at work
trying to locate and win this type of boulders. The second type
of lateritic stone (lateritic hardpan) deposit overlies lowver
soil layers, namely the mottled and pallid zonese of typical
lateritic so0il profile. Typical profile in which we find the
gecond type of lateritic stone caepping so0il layers have been

illustrated earlier (see Fig.\\.s) in the first technical report.
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The best method.of winning this lateritic stone is b& chiselling
or through the use of pickaxes. ¥here the deposgit is very thick
blasting may be carried out. The third type of lateritic stone is
the one where & thick layer directly overlies partially weathered
parent rock ae shown in Fig.H.]i' This lateritic staone averlies
sandstaone at very high eltitude with very good internal drainage
candition; this +type of lateritic stone is easily won through
chigelling, cruehing with appropriate equipment or blasting.
Typical pieces of lateritic rocks are given in Fig. “;3= Under
field conditione the colour of lateritic materials may vary with
topographic eite (Gidigasu, 1976) indicating the state of the

predominant iron oxide and degree aof dehydration or desiccation

11.7 GEOTECHNICAL CHARACTERIZATION OF LATERITIC STONES
AND BOULDERS

The induretion and hardening of laterite materials result in
the production of soft to moderate;y hard members, vhich finally
end up with laterite hardpans aqd culirasses. Thesge extreme
proceessges of lateritization render same of the lateritic
materiele non-granular as compared with laterite gravelly soils
and laterite gravels where geatechnical praoperties ghould
normally have heen determined by such standard teste as grain-
eize distributiaon, Atterberg limite, and campaction
characterisatian. It, however, became apparent that three
standard laboratory index teste could be undertéken on laterite

staone blocke for the overall assessment of their durability and

etrength characteristice; these ére(ifgllyaz II.L):
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1. Water absorption test

2. Specific gravity test

3. Uniaxial compressive strength test
The heating and wetting test wa=s also carried out elsewhere to
evaluate durability (de Graft-Johnson et al., 1969). Some of the
regults obtained are summarized, Ranges of crushing
strengths reported elsewvhere are also given in Table |2 It is
obviousg that some of the 1laterite stones possess crushing
strengths equivalent to wmedium to hard natural stones (e.g.
Duncan, 1970).

There 1is a notable problem with the cutting of heterogenous
lateritic stoneg and boulders into blocks for crushing strength
test. Fig.\i.@ shows a technician attempting with difficulty to
cut a lateritic boulder into form using standard stone cutter.
The result is that we get uneven, irregular biocks; some of which
are shown in Fig.\\;7 . It is envisaged in the project to develop
a lateritic stone-cutting machine; thig will provide a sound
solution for mass production of lateritic stone blocks for

commercial purposes.

11.8 PRODUCTION OF LATERITIC STONE BLOCKS
By means of simple tools such as picka:xes, chisele and
hammers, the hard laterite stone layer is broken down into

boulders of various sizes.

11.9 RURAL HAND AND HAMMER METHOD
In rural areas, laterite blocks are produced by using simple
hammers and chisels to trim the stones into desirable shape=. The

size and hardness of a particular stone/boulder determines the
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amount of faorce required and the type of hammer tao use toﬂcut the

stone tao smaller sizes.

11,10 CHARACTERISTICS OF THE BLOCKS PRODUCéD BY HANb

Hard lateritic stone layers are usuelly heteraogenous both
structuraelly and texturally. As 8 result, the process of breaking
these slabs into blocks produces noﬁ—uniiorm sizes and irregular
shapes. These blocks often lack the rectangular block geometry
traditionelly wused for building. The edges of leteritic stone
blocke are not well defined thus producing laterite stone blocks

aof various geaometry.

11.11 RISK OF HARMING HANDS OF WORKERS

Usually, rural laterite block producers do not wear
protective clothing to protect hands, eyes and the entire body.
Indeed; wvedging, hammering and breaking of laterite stone
boulders intao blocks pose very seriocus risks +tao warkers.
Hammering pi laterite stone boulders could praoduce fragments
which fly to hit any pert of the bady, and human handes have

alwvayse suffered from the impact of stone boulders.

11.12 PROTECTION OF WORKERS

Rural workers who praoduce laterite stone blocks should be
protected by means of eye shades, hand glaves, head helmets and
field protective baats. These simple devices are able to protect

d

the bady including the eyes, head, haendes and the legs.
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11.13 COST OF PRODUCTION AND MARKETING POTENTIAL OF
LATERITE STONE BLOCKS

At the local level, the unit price of a standard =stone block
was compéred with that of sandcrete block of equivalent size
(Table W 2) This was followed by the demonstration in terms of
building costs per unit prototype wall and/or house with other
construction materials, notably sandcrete blocks, natural stone,
brick house, taking into account the benefits of long-term lower
maintenance costs of the various options.

National institutions and organisations involved 1in rock
guarrying, mining and training in the fields of engineering
geology, building technology, architecture, etc. should be
sources of information concerning national housing supply and
demand capacity. Stone materials should be compared with other
building materials in order to establish possible potential and
market forecasts of lateritic stone for the overall production
planning.

The existence of stone houses in some parts of Ghana and the
establishment of an improved technology for the production of
lateritic stones will greatly help to boost higher market demands
for the stone blocks since the district capitals have fairly
large markets.

11.14 PRODUCING LATERITIC STONE BLOCKS WITH STANDARD STONE
CUTTERS

Laterite stone blocks could be produced more sffectively and
efficiently by means of modern =tone cutters, chisels and steel
wedges. Most of these modern staone cutters are power operated

(disc) saws which provide straight geometric cutting -within

111




desiréd operational costs. Also accompanyihg these modern stone
cutting devicee are protective head shields, eye-ghades and hand
gloves which minimize their operational risks. Lateritic estone
cut into shape ready for crushing strength test is shown in Fig.\i-§

Crushed blocks do not give traditional failure pattern but
eimply ccllapse along the weakest shear planes (Fig.\\ﬁ?}‘.
11.15 SUITABILITY OF STONE CUTTING TECHNOLOGY IN RELATION TO

THE ORIGIN, STRUCTURE, CEMENTING MATERIAL (IRON OR

ALUMINA) AND HARDNESS

Modern stone cutting machines, with power may not be sguited
for the cutting of the heterogencus, indurated, hardpansg and
lateritic stones for the production of hlocks as the constituents
of these hard laterite stone layers are essentielly coarse
particles or quartz pebbles sget in a matrix of iron or aluminium
oxide. Hard laterite stones with very hard mineral constituents
are bhetter cut into blocks by manual methods since sawing wmight
destroy &and hinder the efficient cutting of the wmwaterial into
blocks. Laterite =stones with moderate hardness which do not
crumble easily under any mechanical devices could be cut into
degired blocks by meang of modern pover cutters and/or simple
hand haemmer methods. Those laterite stones which crumble &as a
regsult of weak cementing material or due to weak structure, may
be found undesgirable since this type of material may not present

any £o0lid shepe desirable for block cutting.

11.16 TRAINING
Training of interested young men in the area of laterite
etone block production is highly desirable, particularly for

pecple who intend to enter intec the 1laterite stone block
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production trade on a large scale. Effort is also to be made to
acquaint students of engineering, earth sciences and architecture
with the knowledge of the laterite stone construction technolaogy
in the University at Kumasi. The initial training of people at
Techiman involved at least four young men who were assisted
through financial incentive to develop the laterite stone quarry
in order to produce blocks for sale to people for building
construction as a means of their livelihood. It is the hope of
the IDRC laterite project that this will later be extended to a
greater number of trainees through expansion of the programme at
the district and regional 1levels through Ghana Government

support.

11.17 EQUIPMENT AND TOOLS

Simple tools =uch as pickaxes, hammers, steel wedges,
chisels, cutlasses, eye shades, gloves and field boots were used
by the trainees; these equipments were provided from their
earnings from IDRC funding. The future desire of the 1local
population to u=se this technology for the production of laterite
stones for building shall, however require in addition to the
above tools, improved tools and equipment such as cutting sawvs,
explosives for blasting, together with loading and transport
facility for future large-scale commercial blocke production.
11.18 POTENTIAL WIDER USE OF LATERITIC STONES FOR CONSTRUCTION

IN TROPICAL DEVELOPING COUNTRIES

Laterite Arocks oécur widely in the tropics within most

geological formationsg and climatic conditions (Bhatia and

Hammond, 1970; Gidigagu, 1976). The=e materials occur either as
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fairly soft materials capableﬂof hardening on exposure to air or
they are rocklike insitu depending upon the topographic site, the
climatic zone and the chemical composition (e.g. Gidigasu, 1976).
Chemiceally, two main types of lateritic stones have been identi-
fied in Ghana, namely the ferrogenous and the aluminous lateritic
stones.

The geotechnical properties of typicel laterite stones and
boulders identified in Ghana have been evaluated and results have
been by De Graft-Johnson, Bhatia and Hammond (1970); Gidigasu
(1976, 1980); and Gidigasu and Kuma (1987). For example, the
uniaxial crushing strengths reported for typical West African
lateritic stone at the Transport and Road Research Laboratory,
United Kingdom, vary between 1G6.8 and 316.4kg/cm2 (Shergold,
1945) while +typical Ghanaian ferruginous lateritic stones gave
crushing strengths of l73.8kg/cﬁz(e.g. Obeng, 1970).

11.195 POTENTIAL USE OF LATERITIC STONE AGGREGATES AS
CONCRETE AGGREGATE

Typical ferrogenous laterite stones from the northern semi-

arid climatic =zone of Ghana (Bolgatanga and Baewku) crushed and

sieved +through appropriaste set of sieves to conform to the

British Stendard (BS 812; 1961) particle sizes of 3/4" and 1-1/2%

maximum lateritic aggregate sizes are illustrated(@@ Fig. \\’q&)
Concrete cubes of standard sizes were prepared with mix design of
1:2:4 and wvater-cement ratio of 0.5. Eighteen cubes were prepared
for each aggregate type, cured for 24 hours under wet sack
followed by immersion in water for periodes of 7, 28, &0, 120, 180
and 360 days before testing. Average uniaxial crushing test

resulte obtained for 3 cubes for each curing period are shown in
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Figs.‘yq;)and Table \\:A Figure 4.13d summarises the main results
of the studies on strengih development with time of +the tvo
lateritic stone concrete cubes. It is noted that on the average,
the 28 days cured sound natural rock aggregate concrete strength
of 210kg/cm? can be obtained if care is taken to select hard
lateritic stones from vwell-drained sites where they have

undergone considerable desiccation and dehydration.
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12.OMSTABILISATION OF LATERITIC MATERIALS WITH LOCALLY
PRODUCED LIME FOR WALLING BLOCKS PRODUCTION

12.1 INTRODUCTION

In the area of soil-cement or soil-lime stabilisation for
road construction there has bheen very little success in Ghana
because very few indepth studies had been undertaken.

It i1is not +true that lateritic soils by nature are not
amenable to stabilisation for engineering purposes; considerable
success has been reported elsevhere in Africa (e.g. Bulman,
1972). The difference is that the construction should normally be
preceded by a thorough laboratory as well as field trial studies;
these have not been done in the past and it was quickly concluded
that locelly produced lime cannot bhe used to improve the gquality
of soils for construction in Ghana. For example, there is lack of
data on scientific laboratory studies on the importance of
compositional and environmental factorg ta the engineering
behaviocur of lateritic socil-lime stabilised mixes in structures.
These setbacks should not discourege us bhecause about 704 of the
surface of Ghana is covered with lateritic materials (including
gravels and stones) and 1l1lime can be cheaply produced an
commercial scale from huge limestone and dolomite deposits as
vell as the lower Volta clam shells. Whet is required is thorough
investigations 1into lateritic socil-local lime stabilisation
characterisation +to arrive at conclusive and meaningful results
that may be utilised for both building and road const?uction
purposes.

It has been indicated in the First Technical Report that

limestones and clam shells are abundant in Ghana and small-scale

{
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rural technology of producing lime from these rav materials have
been developed. Logically, one of the objectives of the study is
to investigate the possibility of improving the engineering
properties of the clayey lateritic soils through stabilisation
with lime locally produced from dolomitic lime=tone and high
calcium clam shells. Laboratory trial studies on the lateritic
soil-lime stabilisation had been carried out in the past, but the
results obtained te.qg. Coad, 1979; Lunt, 1980; Bulman, 1964,
1972) indicated that local application of lime stabilisation
using 1local raw lateritic soils is feasible and should be
persued. The production of lime from dolomitic limestone and the
clam shells by the Materials Division of the Building and Road
Research Institute (BRRI) was utilised in the study. The main aim
was to try to use local lime-lateritic so0il <=stabilisation to
cater for areas where lime can be produced cheaply and where the
available soils are so clayey that even sand stabilisation alone
may not give the desired strength results. Indeed, it is
anticipated that small-scale 1local lime production should be
encouraged as a rural industry to generate employment. This
aspect would be fully explored and the rural dwellers would be
assisted to produce lime on their own and to carry out soil-lime
block production for constructing rural houses through =self-help
and community participation.

Lime-s0il astabilisation 18 one of the oldest ways of
improving fine-grained soile for construction purposes. The local
soil-lime Dblock production capacity would depend on the gquality
and quantity of the lime, the nature of the soil, the laboratory

procedure for evaluating the lime and the soil-lime mixes, the
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method of moulding the bloéks, the curing procedures and the aée
of the blocks. In road construction in Ghana, because of the high
ground heat, imported cement stebilisation has - been posing
problems since the maximum time of twa hours from start of
mixing, vatering and moulding of soil-cement blocks should be
maintained to ensure adequate strength development. Lime, on the
other hand, does not have this limitetion and long delay between
the mixing and moulding may not adversely affect the block
strength development since the strength development processes are

more or less physico-chemiceal.

12.2 LIME CHARACTERISTICS

The key material is the lateritic scil. The next key item is
the lime 1itself. In the following existing infarmation aon the
nature and technology of local 1lime production (Bawa and
Kornacka, 1964; Ayetey and Gogo, 1973) are first reviewed. There
are various types of limestones. The dolomitic ones are for our
purpaoses, only useful for producing white washing materials, the
high calcium ones are ugeful for the production of cement, etc.
Small deposits of limestones that do not merit the setting up of
cement factories are those that we are concerned with.

The next item is wvater. In the foregoing, the steps and
procegses of lime stabilisation for small-scale block production
for rural housing using lateritic soils is now discussed.

As a first step we have to knaow the product lime itself and
how it is produced. As indicated elsewhere, lime is also obtained

as a by-product in the form of lime sludge (which contains
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calcium carbonate and various impurities) from sugar manufacture,
and from acetylene and paper industries.

The chemical reactions in lime burning are:

Reaction 1: (900 C, depending on type of limestone)

CaCOz + heat —p Cal + COz
Calcium Calcium Carbon
carbonate oxide dioxide
Limegtone Quicklime

Chalk Lump lime

Coral/Shells

or

Reaction 2: (at around 750 C)

CaMg(COz)z + heat ——p CaCOz -+ MgQ -+ CO,
Dolomitic Calcium Magnesium
limestone carbonate aoxide

Hydration

The type of lime that is used for building and numerous
other processes is hydrated or slaked lime., This is obtained
by adding hot water or =team to guicklime. Pure quicklime
reacts vigorously evolving considerable heat, while impure

limes hydrate slowly, or only after the lumps are ground.

Reaction 3:

CaO * H;0 —_— Cat(0OH)Z + heat

Calcium oxide Water Calcium hydroxide

Three forms of hydrated lime are commonly produced:
(a) dry hydrate, a dry, fine powder, formed by adding Jjust
enough water to slake the lime, which is dried by the heat

evolved;
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tbh) miik of lime, made by slaking quicklime with a large excess
of water and agitating well, forming a milky suspension;
(c) lime putty, a viscous mass, formed by the settling of the

solide in the milk of lime.

The most common form is dry hydrate, which is very suitable
for storage in silos or air-tight bégs, and easy to transport.
Lime putty, which is an excellent building wmaterial, can be
stored indefinitely under moist conditions. In small limeworks,
slaking is usually done by hand, either on platforms to produce a
dry hydrate or in shallow tanks to make lime putty.

Although the hydration of quicklime is a simple process, it
must be carried out with speciseal care, for instance, to see that
all the quicklime is completely slaked. Pieces that hydrate toa
elovwly and as a result are overlooked, can cause serious problems
later on.

If water is added too slowly, the temperature of the 1lime
may rise too <fast, forming an active white gritty compound
("yater burnt®" lime). I1f water is added too quickly, a skin of
hydroxide way develaop, preventing further hydration ("drowvned"
lime).

Lime has been used for improving the quality of so0il for
construction over 2000 years and it is the sole cementitious
material 1in certain parts of the world because of its abundance,
ease o0f use and other benefits such as 1long =slow strength
development. Studies over the years have established that +the
degree of success o0of soil-lime stabilisation depends wupon a

number of factors, especially, compositional factors of the soil,
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mode of soil-lime preparation, enviraonment and time of curing
before testing (Fig. 12.1). The sgignificance of lime content and
reacted 1lime, period of curing on strength development of lime
stabilized typical tropical reddish to brownisgh sails on strength

is illustrated in Fig. 12.2.
12.3 SOIL~-STABILIZER REACTIONS

12.3.1 Natural soil-cement reactions

The mechanism by which strength is gained in soil-cement
mixturesg is believed to depend on the development aof chains or
aggromerations of hydrated cement and s20il grains which enclose
voids and so0il pockets in a three-dimensional skeletan. It is
apparent that strength gain will occur whether clay mineralse are
present or not.

It has been <suggested, however, that the mechanism of
cementiticus action 13 in part a surface phenomena and high
specific surface area of the clay mineral=s may therefare give
them an important role in soil-cement stabilisation (e.g. Gillot,

1968).

12.3.2 Soil-lime reactions

Three principal processes are thought to take place when
lime is added +to a clay containing soil. These are a rapid
exchange reaction, a much slowver reaction between the clay
minerals and the lime, and carbonation of the unused calcium
hydraxide by. Cay présent in pore solutions and gases. The
strength gain by so0il arises from chemical reactions bhetween the

lime and clay-grade minerals. When these are absent or present in
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emall amountse use may have heen ﬁéde of lime together with a
pozzalana (Gillot, 1968). The effect of compaction pressure, and
curing period on lime-lateritic so0il stabilised and cement/lime
bauxitic =o0il stabilised eso0ile on strength development are
illustrated in Figs. 12.3 and 12. 4. A number of international
criteria for selecting =so0ils for 1lime stabilisation useing
particle size passing No. 200 sieve size, liquid limit, plasticity
index of the =socils have been published elsewvhere (Figs. 12, 5-

12.7).

12.4 LOCAL LIME STABILISATION STUDIES

Figure 12.8 illustrates the flawv chart for the 1laboratory
lateritic soil-local lime stabilisation praogramme for the project
execution. The effect of local lime an the plasticity
characteristice of a typical lateritic sc0il is shown in Fig.
12.9. The relationship between the lime caontent, mixing time,
sand and lime cantents, and the linear shrinkage of a typical
local lateritic so0il is also shown in Figs. 12.10 and 12.11.
Mixing of the socil-lime-wvater was done in the Hubbard mixer for a
periaod of 20 mins. First, the lime was added to the dry =o0il in
the praoportion aof 3%, 8%, 7% and 12% and thoroughly mixed in a
tray before transferring the mixed =sample inta the Hubbard
machine. The required water was then added and the mixing in the
machine continued for 20 minutes before the compaction test was
carried out aon the soil-~lime mixture.

The BS Standard (FProctor) compaction was employed in
defining the dry density-moisture curves for the lime stabilised

s0il samples. For example, the maximum dry density for the
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Santasi =so0il ranges from 1.58Mg/m2 for the 124 lime content to
1.76Mg/m2. The effect of lime stabilisation on the dry densities
ig 1illustrated in Figs. 12.12-12.14. Some results relating to
lime stabilisation effect on the California Bearing Ratio (CBR),

density and veathering test results are also given in Tables

12.2-12. 3

12.4.2 Atterberg limits of lime stabilised soil

The material used was the percentage passing No. 0. 42mm sieve
(BS No.36). The local lime wasg then combined with the soil in the
required proportions of 3%, S4, 7%, and 12% lime. The soil,
hefore adding the lime was airdried. As expected, wve noted that
the plasticity index decreased with increasing lime content as
has been reported elsewhere (e.qg. Bawa and Hornsby-0Odoi, 1965)
until after 7% lime content when it started to increase again.
Effect of 1lime =stabilisation af Fumesua micacecus and Santase

soils are summarized in Table 12. 1.

12.4.3 Crushing test of cured aspecimens

The specimens were crushed using unconfined compression
test. The rate of loading was 1.25mm per minute which continued
to failure. Three specimens were crushed for each moulding
condition and the average value of the three test results vere
defined.

Relationships between the compressive strength on the one
hand and the moulding dry density, moisture content and
percentage of stabilisers on the other hand, have been

established. For example, the results of studies on the effect of

123




lime stabilisation on the uniaxial kstrength development is=
iliustrated in Figs. 12.15-12.24 and Table 12.1.
12.4.4 Characterisation of lateritic raw noil, aoil;sand,
g0il-lime for the manufacture of test specimens

(a) Rav and sand stabilised soil moulded specimen

The study has shown that uniform moisture distribution of
the s0il 1is achieved vwhen the g0il i kept in air-tight
cantainers at a controlled room temperature of 20 C for at 1least
24 hours. This appears to give maximum workability and ease of

sample moulding.

(b) Lime Stebilized Soil

For +the lime stahilized so0il it is obvious that the =ample
preparation  includes & thorough mixing of the lime-so0il with
appropriate guantity of water. It has been established that same
delay between mixing time and moulding doese not egignificantly
affect strength development of lime-stebilized =scils, hawever, ta
achieve maximum benefit the delay should be kept to the minimum.
For the 1lime stabilisation only 3-5%4 lime appeare to be
sufficient iér achieving the optimum strength. The choice of
vhether to use sand or lime for stabilisation or a combination of
them would depend on availability of the additive as well as the
strength, durability and workability requirements. However, it is
easier ta work with sand since handling lime may be harmful

depending upon the form of the lime.

12.4.% Production of soil-lime blocks
Use of ordinary white or fat lime in the stabilisation of

eails for road construction or soil-lime blocks for building
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congstruction is well established. Lime combines chemically with
certain constituents such as silicates and aluminates in the soil
to form stable compounds resistant to water. Also dimensional
stability of the soil is improved by modifying the character of
the clay fraction of soil by base exchange. Lime replaces +the
godium or potassium ions in swelling types of clays to give more
flocculent calcium clays which have less affinity for water. In
the areas south of Saharas, from Senegal to Congo, the material
normally used for the construction of walls is block made from a
mixture of Portland cment and sand and known as "“sandcrete®"
block. The compressive strength of these blocks usually varies
from lSOlb/iri2 to 5001b/ird in the case of non-vibrated blocks of
1:6 cement sand mix. Blocks with as low as 1601b/in®’ have been
used on a major project (Sperling, 1961). Some trial mix designs
were tried wusing 1locally produced 1lime; a weathering test

reported by Bawa and Konacka (1964) on them are given as follows:

Mix propor Wet compres- Loss after 12
Material tion sive strength cycles of du-
(by weight) (9 days) rability test
ib/in (gravel)
%
Lime:Sand 1:3 800 0.0
Lime:Lateritic soil 1:10 152 2.45
Cement:Lateritic =o0il 1:20 252 15.8

The project execution has 1in its programme local 1lime
stabilisation . of representative soils2 from the four climatic
zoneg for the production of blocks. Laboratory studies on 4in by
8in samples has not been conclusive but some information on

previous studies on two Ghanaian soils from Kumasi area are
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available. The results of étudies reported by Coad (1979) and
Lunt (1980, are summarized in Table Tables 12.4 and 12.5. The
Cinvaram preses wae used; this provides pressure oi»only 2kg/cm2.
The strength and water eabsorption properties are not very
encouraging but it does appear that if the pressure level is
increased, higher strengths would be developed. Indeed, Lunt
(1980) reported that with increased moulding pressure aof lime
stabilized so0ils erosion (weathering) can be reduced and passibly
eliminated. Lunt (1980) compared the properties of various types
of brick/blocks and from the canclusion reached (Tahle 12.6) it
appears that lime stabilised blocks compare favaurably in gquality
to other bricks and blocks. The praoblem, hawever, remains that
the locel lime is not pure; it contains a lot of impurities and
more studies are required to refine the laocal 1lime praductian
processes and quality control of the stabilisaetion products
through appropriate specification developments.

It was easy to see the effectiveness of stabilisation in
terms of the smoothness of the samples. Crushing strength
obtained did not necessarily reflect the expectations of the
result obtained through laboretory eveluation but it gives an
idea &as to the workability and the moulding moisture content and
dengity; it alsao provides the basis for defining haow much lime
should be incorporated. For example, it was found out that some
sandy soils have to be blended with clay to be found suiteble. In
that case, the fines fraction has to be determined for stabili-
sing them (sandy so0ils) in aorder to obtain desirable adobe block

characteristicse.
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In defining criteria for lime stabilisation of lateritic
materials <=some information are available in existing literature
for temperate and tropical zone natural goils where the sgignifi-
cant =so0il properties are found to be the plasticity inde:x, the
liguid 1limit and fines content. Some of the charts proposed
have been reproduced from existing information for temperate zone
soils. Based upon extensive studies on regional soils by Hugo et
al. (1980) sgpecific grading envelopes and positionsg on the
Casagrande plasticity chart have been proposed for selecting =soil
for 1lime and cement stabilisation. Some of the outputs of the
study have shown that though the resultse are applicable to =some
extent, for every local so0il type, preliminary studies both in
the laboratory and in the field are imperative before realistic
gpecifications can be formulated.

The conclusions amply demonstrate that raw and local 1lime
stabilised lateritic soil building cons8truction technology have
to b2 baged on strong foundation of indepth laboratory and field
investigations of the given soils to arrive at formulating
reliable gtandards, gpecifications, and codesg of practices in
relation to gpecific materialse, nature of stabiliser,
congtruction technology and operative local climatic conditions.
12.4.6 Formulation of mix-design and quality control of

tropical scil stabilised productas

Depending upon the purpose to which the stabili=sed soil is
to be used there are a number of acceptance criteria of the final
products. These include requirements and restrictions stipulated
for the end-products in terms of volume stability, durability,

strength and permeability {(e.g. Ingles and Metcalf, 1972). The
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requiremeﬁts for stabilised soils for pavementhare of course more
stringent than for stabilised blocks for walling. Apparently,
there are varicus criteria for accepting or rejecting the =soil
for stabilisation for specific purposes. Similarly, because
climatic conditione do influence the performance of staebilised
eoilse for engineering purposes, epecificationse and standards for
arid areas tend to be less stringent than those for the high
rainfall wet regions.

From the above considerations, it appears abvious that
dividing a country into specific climetic or moisture zones for
the purpose of formulating standerde and specifications for esoil
stabilised bliocks buililding construction may help optimise the use
of the stebiliser. From the viewpoint of so0il types, lang
experiences all over the world have led to the development of
empiricael specificatione relating the textural soil type, to the
most suitable staebilisers, all other compositional factores being
the =same. For example, & loose generalisation like “clayey socils
are best stabilised using lime while grenuler e=so0ils are more
amenable to cement stabilisation®™ may be found in literature, but
this sghould be qualified. Since some of the quelity control tests
are very laborious and time consuming, the tendency is to do more
of the less expenesive and time consuming tests and less of +the
more expensive ones.

If the various pedological soil systems of a country are
mapped, and the basic compositional data defined these
information can be grouped in terme of common environmental
conditione of =0il formation and evolutian. In such cases, the

mix-design found mast suitable for a particular pedological =soil
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system with specific compositional data will be found applicable
to genetically ({(pedologically) similar soil systems of sgimilar
compositional data identified elsewhere. Here, then lies the
valuable contribution of engineering pedology to soil stabilisa-
tion which was noted over 30 years ago by Wooltorton (Wooltorton,
1955); this was not taken seriously until recent developments in
fundamental soil analysis and soil gtabilisation studies in
Australia and the United States have confirmed the inestimable
value and the importance of the engineering pedology in s=oil
stabiligation (Ingles and Metcalf, 1972; Mitchell, 1976; Mass.
Inst. of Tech., 1952; Baver et al., 1972; Lambe, 1962; Gillot,
1968; Lea-dabrand et al., 1957; Yoder, 1957; Gidigasu, 1976). For
a comprehensive discussion on the traditional temperate =zone
quality control of =oil stabilised products and trial mix design
evaluations for wall construction , the reader i=s referred to a
valuable previous =study (e.g. Fitzmaurice, 1958). The British
Standards Institution (BSI), the American Society for Testing and
Materials (ASTM), Association Francaise de Normalisation (AFNGR),
Deutsch Industrie Norme (DIN)>, as wvell as Indian Standards
Institution (IS8I1), have all formulated elaborate and
comprehensive standards and specifications for soil stabilisation
for various engineering construction purposes. These <standards
and specifications have been taillored to =<=uit sgpecific soil
conditions of the various countrie=s; it is just appropriate that
tropical countries including Ghana al=so develop standard=s and
specifications based upon local unigque =o0il conditions using the
locally avalilable or potentially produceable local cementitious

-

materials.
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12.4.7 Qualityhcontrol of soil-cement and soil-lime blocks

The chief properties of soil-based construction materials
are volume stability, strength, durability and permeability (or
moisture absorption). Under tropical conditions of rapid chemical
veathering and deterioration of building matrials (e.qg. Ranson,
1559), durability and erosion tests appear to be more relevant to
the quality control of stabilised blocks than say strength test.
Low durability leads to high maintenance costs without structural
failure actually occurring. In stabilised soils, poor durability
can result from many aspects of inferior mix-design, such as
wrong choice of stabiliser, insufficient stabiliser or inadequate
chemical or water resistance to weathering. A number of tests for
assessing the strength and durability of soils and stabilizer
soils have been proposed, but most of them are deficient;
strength criteria has been established (Table 12.7). Because of
this lack of significant test procedures, durability is one of
the most difficult wmaterial evaluation problems the design
engineer must face.
(a) Weathering/durability test

Studiee in Ghana have established that so far as soil-cement
block quality control ig concerned the ASTM wetting and drying
durability test (ASTHM, 1958) 1ies the wmast ueeful test and
buildinge put up with blocks checked wusing thie test have
performed eatisfactorily esince 1948 (40 years) and the well-
maintained ones may even have another lifespan of another 20 to
30 years. In brief, the summary of the test is as follawe: for
every teet and for every selected cement content, two specimense

are prepared by compaction at optimum moisture content to maximum
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dry density. Both samples are cured for seven days before testing
is begun. After curing, both samples are subjected to 12 cycles
of alternative wvetting and drying. At the end of each cycle, one
specimen 18 vigorously brushed, using a standard procedure.
Moisture and density determinations are made on the other
unbrushed specimen during each test cycle. At the end of the
tesat, the specimen are ovendried to constant weight, and the
losses determined. Although the cement requirements are
principally established on the basis of the results of the
described durability tests, in some cases the compressive

strengths of the test mixtures also are determined.

(b) Volume stability

Many clayey 8oils swell or shrink with change of +their
moisture content. These volume change=s if uncontrolled, rapidly
disrupt the produce and cause economic loss. Various methods and
teat procedures proposed for predicting the degree of potential
volume change are given in various quality control of stabilised

s80il manuals, e.g. Fitzmaurice (1958).

(c) Permeability and absorption

Low permeability is desirable while high permeability
aggociated with high potential for water absorption of blocks ie
undesirable. Specific tests have been designed to control +this

property or predict the degree to which it could manifes=t.
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13.0 CONSTRUCTION OF LATERITIC MATERIALS EXPOSUhE WALLS

AT FUMESUA
13.1 INTRODUCTION

Four typese of exposure vwalle are constructed at the
Institute’s exposure site at Fumesua (Kumasi). The type of walls

caonetructed are:

1. Adobe block wall

2. Rammed earth wall

3. Leteritic stone block wall; and the

4. Local lime stabilised lateritic block wvwall.

With the adobe and the remmed earth walle and lime lateritic soil
walles, concrete platforme were constructed to serve as the
foundatione. Thesge concrete platforme may elso he used later to
train local mesone as anticipated in the naetional follow-up
action. The concrete platforme have measurements of about 3m long

and 3m wide, with thicknesses of sabhout 10cm.

13.2 CONSTRUCTION OF THE ADOBE EXPOSURE WALL

Two courseg of sandcrete blockse measuring about Zm long and
2m wvide at right angles by 1.75m were constructed with cement
mortar. The wall was continued with 5 courses of the adobe blocks
useing clay socil-lime and cement-lime-sand mortars. The top vvas
protected by covering it with aluminium roofing sheet against
direct rainfall. The first tvo courses of sandcrete blocks were
provided to check erosion due to rainfall and inadequate roof
eaves. The wall wae to be plastered with seoil, eand 1:1 and 5%
MC2 bitumen to make it impervioue tao vater. After the

canetruction of the walle it was observed that the lime-g0il
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mortar showed some cracks at the joints. The cement-sand-lime
mortar, however, showed no cracks; the joints appeared more
attractive when the cement-lime-sand wmortar was |used. The

construction process of the adobe wall i=s shown in Fig. 13.1.

13.3 CONSTRUCTION OF THE RAMMED EXPOSURE WALL

The rammed earth wall was also constructed on the concrete
platform which served as the foundation. Similar to the case of
the adobe wall, the rammed earth wall was constructed on two
courses of erosion resistant sandcrete blocks, overlain by two
courses of lime-so0il blocks. A wooden formwork for the wall in
the form of panelz wvere manufactured and fixed in position a=s
shown in Fig. 13. 2. When it was firmly secured the formwork was
filled with the prepared lateritic finegrained socil and rammed in
stages of 0.3m lifts. The formwork wasg constructed in such a way
that the height of the wall could be increased by just adding a
0.08m % O0.3m wawa (obeche) board to it. This process facilitated
an easy compaction of the 0.3m lift walls through ramming. A
wooden rammer was used to compact the soil. The wall of 2m by 2m
by 1.75m was constructed. The next 0.6m thickness was compacted
the following day. On the third day, it was decided +that +the
formwork should be removed to find out if the wall could stand
unsupported. When one side of the formwork and the ends vwere
removed part of the wall collapsed. The remaining formwork was
allowed to stay for sometime. When the other side of the formwork
was removed afier one wéek, the rammed earth was still damp as.it
was laid. This indicated that, without removing the formwork it

could take a very long time to get the wall properly dried and
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adequate strength develaped. ‘It was observed that the rammed

earth wall failed probably due to aone or more of the follawing

reasans:

(1) The material used was too gravelly and naot enocugh fines ta
pravide binding aof the so0il mix.

(2) The wall was not dry enough befaore the farmwork was remaved.

(3) The s0il was moulded too dry; a wetter sail would be mare
workable since the technolagy is an impravement aof Atakpame
(pise) walling technolaogy.

(4) This technalagy waould be suitable for mare clayey materials
with 1little gravel size fraction ta provide strengthening

skeletan.

13.4 CONSTRUCTION OF LATERITIC STONE BLOCK EXPOSURE WALL
Lateritic stone boulders vere used for reising an expaosure
wall since getting the bigger staones into block/brick sizes was
fairly difficult. Because aof the irregular nature aof the houlders
a lot of sand-cement or sand-lime mortars vwas used tao raise this
type af wall. The walls alsa have to be plastered to give them
goaod appearance. Tao achieve hetter resulte the lateritic stanes
have +to be cut into praoper brick/block faorms, hence the need tao
develaop lateritic stane cutting machine. Hand cutting is not safe
and it could be time consuming thus meking the cost of the wall
per unit area rather expensive. The <foundation belaw the
laterit;c boulder expaosure wall was crushed lateritic staone
aggregate sand-cement mortar mixes. The standard 45, 72cm
foundation base dug tao about 0.75m was filled to same thickness

and the lateritic aggregate foundation was thinned tao abhout 23cm
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at the ground level to receive the superstructure exposure wall.
The main difficulty with the construction of +the lateritic
boulder exposure wall wag in ensuring straight wall and the
excessive amount of mortar that was used. However, in areas where
they constitute the sole stony material they could be used
confidently; scientific cutting of these stones into regular
block for wuse with minimum mqrtar ig a problem that has to be
solved. A typical lateritic boulder exposure wall is shovn in
Fig. 13. 3. The irregularity is the key negative feature. The use
of the boulders to protect the walls through pitching using sand-
cement mortar or proper drainage near the wall is also
illustrated.
13.5 CONSTRUCTION OF LATERITIC SOIL LOCAL LIME STABILISED

BLOCK EXPOSURE WALL

Fairly good blocks were produced with the locally produced
lime from local limestone and clam shells. Some of the limeétone
lime could be enriched with cement to help the development of
adequate strength. The lime content in the s0il was between 6 and
7% and the optimum moulding moisture content was around 20k.
Generally, the blocks <=should be moulded far in excess of the
optimum moisture content of standard Proctor optimum moisture
content. The presence of experienced =o0il engineer, or concrete
technolagist, failing that good technicians in these fields can
be very useful. The content of lime to achieve adequatie strength
development depends, to a great extent, on having well-graded
fine-grained =o0ils, either they are hy nature or through blending
‘two goils or even removing vundesirahle fractions from a

particular lateritic material to improve the grading. The
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expogure walle have heen constructed and their performance in
relation to the moist sub-humid climatic zone is being monitared
in accordance with the chart designed for the purpose (see Table

7.1).
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14.0 CONSTRUCTION OF THE DEMONSTRATION BUILDINGS

14.1 INTRODUCTION

Based upon information collected from the literature, the
field and at the exposure wvall =ite at Fumesus, design and
construction of the demonstration buildings were started; the
first one was at Kokoben {(near Kumasi). This i8 a +two-bedroom
house with the possibility of providing an extension of one
bedroom in the future, kitchen, bath, toilet and a store . The
project team met the chief and people of Kokoben and had
discussions with them on the role that both parties were to play.
The project team emphasised that IDRC’=z2 financial commitment per
a demonstration building was the cedi equivalent of 2,500
Canadian dollars. This would go into the purchase of materials
such as roofing sheets, cement, locks, wire nails, bitumen
emulison for wall plasterings and technical =supervision. The
chief and people of Kokoben were to offer communal labour
including some semi-skilled artisans work inputs. The chief and
people of Kokoben also provided two trees of Albisia (Albisia
ferruginea) which were felled and sawn through IDRC funding. The
location of the proposed demonz=tration building was chosen in
collaboration with +the c¢chief, the people, esgpecially the
Headteacher of the schoocl in the wvillage, since it wa=s to be the
residence of the Headteacher of the local Junior Secondary
School. The =site was surveyed by the project team. Foundation
trenches vere.dug throﬁgh communal labour by the volunteers and
the people immediately =started the production of the adobe bhlocks

under the supervision of a project technician using the TEK blaock
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machine bought vith IDRC funds. The Architect and the Building
Conetruction Technician were constantly inter-acting with the
peaple. Because it was a farming season, . the people had to be
divided into & groups with each group working for a day in the
week while members of the cother 4 groupse went to their farms.
14.2 DESIGN CONCEPT OF THE RESIDENTIAL BUILDING AT KOKOBEN

(MOIST SUB-HUMID ZONE)

The concept of design of the residentiel house at Kokoben
wae based on the climate and the traditionael living habit=s of the
pecple in the area. The climate ie quite warm and o0 it ie
assumed that there will be much outeide or outdocor 1living
activitiee except when it is time to go to bed in the night. The
two roomse mainly for sleeping activities are separated from +the
coocking &and toilet facility arease and thie creates & courtyard
for outdocor living and at the same time privacy even if somecne
gitg outside the room2. The courtyard which separates the rooms
from the cocking area also makeg it more convenient for the use
of firewood or charcoal in the kitchen without much damage to the
structure as a vhole. The simple straight line concept also makes
it easy for future extension and alsc eagy construction and
maintenance. The ground floor plan of the building isg shown in

Fig. 14. 1.

14.3 UTILIZATION OF MATERIALS

Since it 1ig in the rurel area that thege buildingse are
principally to be built, most of the materials to be used must be
those fairly easily available to the rural people - that is,

locally available lateritic materials. Other matrialse were mass
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concrete and some =sandcrete blocks. Cement or lime stabilized
lateritic s0il blocks or lateritic stone blocks were to be laid
taoa about 0.3m to 0.5m abave ground level. The superstructure
valls would be laid using the non-stabilised lateritic so0il adaobhe
blocke produced from the mainly finegrained socils available at
Kokoben. The roof framing materijials vere mainly wood, either sawn
timber or treated or known durable wvoads. The only material for
the roof framing which could not be obtained locally by the rural
pecple would be binding wire for holding the roof framing members
to the walls. The roof covering, haowvever, wag to be either
aghestos sheets, galvanized iron sheets, aluminium sheets, clay
tile, mud or thatch, whichever was most cheaply available having
regard to the skilled wmanpawver. In this particular case, there
were no local skilled labour; they wvere provided from ocutside at
a cast to IDRC funds. The door and window frames as well as door
and window shutters were all in treated or durable timber. The
ugse of non-reinforced concrete lintels aover door and window
aopenings helﬁed to reduce cost and also made it easier for the
people to build the house more easily. The floor finishes would
be in various forms depending on available materials, either raw
or local lime/cement treated. The typical floor screeding used

for the Kokoben building i=s =shown in Fig. 14.2.

14.4 CONSTRUCTION BY SELF-HELP APPROACH

The demonstration buildings were built by =self-help methaod.
Most of the ﬁaterials-were made available and the methads of
material application were discussed with the =skilled volunteers;

toolse needed are the usual walling tools used by masons {see
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Appendix 8). In the self-help method/communal labour concept, all
able-bodied members of the community - village or small town are
organised as a co-operative group and they worked together in the
production of the adoke blacks and the construction of the house.
The organisation of the labour force and the interaction with the
workers shaowed that it is an ideal technology +transfer process
through training for the nucleus rural community. The detailed
aspects would, of course, vary from place to place but the
principle will be the samne. The technology of construction is
imparted to the village craftsmen by the project team during the
construction of each demonstration building. By bringing the
people together, a mini co-operative society for self-help
appeared to be in the making. The cost of the residential
building or any community facility such as clinic and resource
centre would be considerably reduced since there will be
virtually 1little or no labour cost wvhich novw in Ghana appearsg to
be as high as= 30-40%. The definition of optimum wanpover
requirements for the construction of such buildings woauld have to
be defined 1in each situation and generalized principles of
organising building site and construction operationg wvould be
adapted to suit each new situation,ldepending especially upon the
type of skilled and unskilled human resources available. The
typical ventilated pit latrine used for the Kokoben building is
shown in Fig. 14. 3. During the construction of the residential
building at Kokoben, the volunteers complained about the decision
to build a residential building instead of a facility that wmost
cf +the comwmunity woula bénefit from. In fact, when the

electrification project execution reached Kokohen and volunteers
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were needed, the IDRC project was abandoned and only returned
after the completion of the electrificaetion project. The project
team investigated the issue and a decision was taken that
buildings that would serve the greatest part of the community
should be considered for the other climatic =zones. It was the
intention of the project team to provide typical drawings of such
facilities as rural clinic and resource centre, vocational
training school, Junior Secondary School buildings, community
centre, child care centre, and small places of worship, etc.,
that would be made available to rural communities. With the
experience of Kokoben, it was decided that the buildings for the
semi-arid and the dry sub-humid climatic zonesg should be rural
clinic and resource centres. The locations for these facilities
are Gambibigo <(near Bolgatanga) (semi-arid climatic =zone) and
Poase Cement (dry sub-humid climatic =zone). The facility for the
wet climatic zone 1s to be a Day Care Centre in a rural community
near Axim or Half Assini. The ground floor plan of the +typical
rural clinic and resource centre is shown in Fig. 14. 4. Since the
most appropriate methods of planning, design and construction
technolaogies are aimed at a= long term target, some aspects of
the components of the rural buildings have been singled ocut with
areas of possible improvemant or introduction of new technologies
discussed. For example, the potential areas for cost saving
and/or innovative designs and construction technologies are

listed elsewhere (=2ee Table 15.1).
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14.5 PROTECTION OF EARTH BUILDING WALLS

One of the most important earth building problems in rural
Ghana igs the protection of earth walls with  water-proof
renderings. Houses are generally made of earthe/soils which have
very little natural dursbility and conciderable damage ies done to
the houses during the rainy season. Walls could have been
protected against rain by suifficient overhang of roofs but this
ig rarely done or when they are provided the overhang may become
ineffective against driving rain or by application of mud-
plasters without introducing into it any locally available water-
proofing material such as cowdung or banana stem extract. These
renderings are, no doubt, very cheap but require more research,
constant maintenance and renewal almost every year.

In many developing countries, more and more people have
tried to use sand cement plasters for earth buildings or lime
vagh. When sand cement plaster is used, moet often, large slabs
of plaster break off from the earth wall due to lack of
sufficient bond between the weak wall material and the high
strength cement plaster. Considerable research efforte to find
alternative solutions to the earth wall protection problem have
been made particularly in India (NBO, 1958) and the results
reported have been of great value to earth building technologists
throughout the developing world. For example, it is found during
field =estudies that, plastering of relatively weak earth walls
with fairly hard sand-cement mortars has caused many failures oXf
the plaster due to the differential thermal properties of earth
and sand-cement-water paste. The literature is replete with other

useful alternative solutions for protecting and plastering earth
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wvalls (e.g. Mathur (undated); Bawa and Hornsby-0doi (1963).
Indeed, gignificant sgstudies on various options have been
undertaken at the Building and Road Research Institute. For
example, (BRRI unpublished data; see Fig.&6.3) gome research
results revealed <failures of all earth based exposure walls
except thosge plastered with relatively sgofter water-proofing
materiale over sand-cement mortars. One option that has proved to
be most useful, cheap and effective was developed at +the BRRI
(CSIR) (Bawa and Hornsby-0doi, 1965) and this has been
successfully tried in the field by the Department of Planning and
Housing Research of the University in Kumasi. The solution lies
obviougly in mixing s0il and sand in wvarious proportions and
adding some amount of outback bitumen. Exposure walls protected
wvith this technology have not cracked or sheared off and even no
trace of erosion has been noted. Some exposure walls have been
gtanding for over 20 years now. This technology was applied
during the dewmonstration rural clinic and resource centre
building construction at Gambihigo. The characterigtics of the
g0ile tested by Bawa and Hornsby-Q0Odoi, 1965, and used with
bitumen to formulate the different plaster specification=s adapted
with field performance records recorded are given in Fig. 14.5
and Tahle 14.1. Some of the conclusions drawn during previous
studies at the Institute are as follows (Bawa and Hornsby-0doi,
1965).

Earth walls plastered with bituminous mixtures are dark in
colour and usually dull in appearance. It is, however, possgible
to improve the appearance by the application of not less than two

coats of lime wash or czment paint. Cement paint of any colour
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may be used. The precaution to be taken for successful painting
resulte ie that the plaster ghould hbe alloved sufficient time to
cure completely e=o that all volatile solvent in the bitumen is
removed. In =some enviraonments it may require wmany weeks to
completely drive out the solvent. IJf this precauvtion is not
taken, it will result 1in dark oily patchese on the painted
eurface.

Cement paint or lime waeh will have another advantage of
eealing the minute hair cracks which are usually developed in the
plaster due to shrinkage on drying. It i=s now certain from the
exiseting knowvledge (e.g. Bawa and Hornsby-0doi, 19635) that:

(a) Laboratory tests and semi-field triale have shown that
durable waterproof plaster for earthwalls could be prepared
by the addition of small amounte of bituminous material to
guitable so0ils available locally. The recommended percentage
of bituminous material may vary depending on the type of
g0il. As bulk densities of loose goil and bitumen are appro-
ximately the =same, it does not make much difference ﬁhether
bitumen 1is added by weight or by volume but addition by
volume is more practicable.

(b) Addition of bitumen above five (5) per cent would seem to be
more expensive while less than thie amount may give wesk and
lesee durable plasgter.

(c) Medium curing bituminous cutback MC2, which 1is easily
available in most developing countries, ise quite =suitable
for mixing with moist soil-sand mixtures.

(d) Rapid setting or quick breaking emulsion sguch as "Colas"® is

not suitable for mixing with soils. Instead any eslow setting
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emulsion =uch as "Terolas" may be used 1if easily available
but these emulsions are more expenzive and contain less
bitumen compared to cuthack MCZ2

{e) Any =20il can be used for making plaster provided it=s linear
shrinkage i=2 not high. If shrinkage i= too much, the so0il
should be mixed with sand in =uch proportion that shrinkage
cracks, as tested on a =2mall patch of wall, are not wider
than esmall hair cracks. Uze of neat sand in making plaster
iz not recommended as it will yield =somewhat porous plaster
wvhich may allow rain water to penetrate and soften the earth
wall.

(f) Even topsoils containing organic matter or traces of roots
may be employed without harmful effects.

(g) Incorporation of large qguantities of =straw in the soil-
bitumen mixe=s to reduce =shrinkage of plaster or cowdung for
making it waterproof is very cumbersome and tediocus and i=s

not essential for successful application.

During inspection of walle in the field many interesting
saolutiong worthy of further investigation were noted in the =zemi-
arid climatic zone, where earth building construction
technologies are very ingeneousgly demonstrated. Mozt af the
successful 80il plasters were treated; the secretz wpehnind the
success will have to be found later. However, a =o0il type without
any local sgtabjili=zation methaod was found to give very
gatisfactory result, the grading curve of thisg lateritic =o0il is=s

zhown 1in Fig. 14.6.
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The completed Kokoben building which will be the residence
of +the Headteacher of the local Junior Secondary School is shown
in Fig.14.7. The completed rural clinic and resource centre at
Gambibigo ie also shown in Fig. 14. 8. Due to digturbances from
the raing and less enthusiasm for communal labour, the Poase
Cement project is yet to be completed. The project architect
vigited the wvillage in March, 1993, to inspect the number of
blocks moulded and to also do the setting out of the building for
them. There is s Roman Catholic vocational gchool at Poase Cement
wvhere the boys specialise in brick/block moulding &and brick
laying, and ve wvere assured by the Headmaster, Mr. Gbokuku, that
thé studente will asgist to improve the qusaslity of the work.
Building materials worth about Cl.2m had been sent and receipt of
the "materials was confirmed ag easgly as 6th March, 1992. Due to
price fluctuastions and increase in the cost of foreign buiding
materials, the fourth project could not be started; the project
team hopes to appproach the Minister, Ministry of Workas and
Housing, through the sector Minister of Science and
Technology for assistance to construct the Day Cere Centre in the
wet climatic =zane also. All the buildings will be subject to
instrumentation to monitor the indoor climate to compare this
with sandcrete block buildings on long term bagis. The general
performance of the buildings in the four climatic zones will also
be subject to periodic evaluation in order to identify possible

defects for improvement after investigation of the potential

causes of the problems.

A ¥
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135.0 IMPROVING DESIGN AND CONSTRUCTION OF LOW-INCOME
LATERITIC HOUSES IN GHANA

‘The traditional laterite housing technologies though appear
to be very crude do illustrate some technical rudiments in them.
Thig study would attempt to identify non-scientific practices and
bring in technical inputs. Laterite houses have existed in many
African countrieg for over 700 yearg and one sometimes vonders
how poseible it was to construct some of these structures, say in
sub-saharan city of Timbuktu in Africa. However, we sghould not
forget that the West African civilization strive mainly on in
echievementsg in the field of architecture, earth building
technolagy, trade and learning. Earthen housing construction,
apparently has e long history in Africa. The reasearch findings in
thig report are by no meeng new; they reflect attempts to
introduce modern technological innovations into existing
knovledge and traditional practices. In the tropics,
environmental conditions do guide construction of good habitable
laterite housing construction in the various climatic =2ones of
the sub-saharan Africa. Indeed, in Africa, one cannot build low-
cost houses with success without reference to the nature of local
materials and the environmental climatic factors. In order to
build scientifically, one has to take note of the rainfall
conditions, temperature levels, and the relative humidity and
their seasonal variations. For example, gtudieg (Arulanandan et
al, 1963) have shown that there is a close relationship betvween
the rainfall and temperature patterns, and the vegetation zones.
The climatic =zones have therefore been defined taking into

congideration all the cliwatic and environmental operative
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factors 1nclud1hg altitude, direction of the prevailing wind,
topography and surface soil type. Infaormation in Table 5.1 has
praovided the basis for preparing the climatic map of Ghana using
the so-called “*Moisgsture Index Values" (e.g. Arulanandan et al.,
1963). When designing for proper ventilation, the smo-called wind
rogses or the main directions of the wind have to be considered.
For example, Fig. 15.1, shows wind roses for Kumasi at midnight
and at noon; similar information are available for Accra {(coastal
arid =zaonee), and Tamale (northern arid =zone); also available
(Fig. 15.2) are date for monthly and diurnal variations of wind
speedg (Willis, 1962). The orientation of buildings vis-a-vis
East-Wesat and Narth-South directions are useful information for
housing designers. Most architectg do not take this factor into
congideration when deeigning and constructing houseg, the result
ig that sun rays are in the rooms the vhole day. For example, Fig
15.3, =shawse that certein criteria need to be uaed vig-a-vis
orientation of building relesting to East-Weat directiona in order
toa ensure that there is acceptable indobr climate for the
dvellerse. Fig.15.3 also shows hov vind direction can be useful
tao engure natural through ventilation in design. It is
illustrated that ve need to have the advantage of East-West
building orientations. It does alsc give an indication as to the
desired distance betwveen two adjacent houses. Fig. 15.4 shovsa
that building in depressions have 8 lot of drainage and
ventilation problems; the ideal situations are hill tops vith
ample vind flov to ensure good ventilation. Wwind brakes should,
hovever, be provided to protect the buildings. The building

designers or real estate developera of large-scale aettlement
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schemes should also consider inter-group building ventilation and
privacy of people living in the buildinga. For example, Fig.
15.5a, is a poor arrangement of group buildings or blocks of
flatas, while Fig. 15.3b, showva desirable good housing planning,
design and construction practice in the implementation of group

building projects.

15.1 FOUNDATION FOR TROPICAL BUILDINGS
Foundation engineering ig concerned with twin problems of

evaluating the ability of the earth to support the 1loads and
designing the proper transitional, particularly of draving the
super structure load into the ground (see Sovers, 1962). It has
been established that there are three bes8ic requirements of
foundations as follows:

(1) The foundation structure must be properly located vith
respect to any future influence which could adversely affect
ite performance.

(2) The foundation tincluding the earth beneath) must bhe stable
or safe from failure.

(3) The foundation must not settle or deflect sufficiently to

damage the structure or impair its usefulness.

Good foundation practice requires the services of seasonal

so0il and foundation engineers in housing project execution.

1%.2 LATERITE SOIL PROFILE AND FOUNDATION ENGINEERING PRACTICE

Provided erosion does not rapidly remove materials from the

gite, insitu weathering processes tend to develop a sequence of

herizons within the zone of alteration. These horizons may grade
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abruptly <from one to the next or be hard to distinguish. Their
thicknesses may range from a fev centimetres to several wmetres.
The horizone may show difference in eny or all of the folloving
features:

{a) Degree of wveathering

(b) Thickness of the various horizons

(c) Colour of the materials in the main harizons.

One important aspect of foundation design is the definition
of depth of placement of foundation base, and this requires the
definition of the folloving situations:

(a) Underground defecte such as faults, soft layers, sg8inkholes,
etc.

(b) Depth of large roots

(c) Depth of groundvater table and aggresiveneas of the vater.

(d) Depth of seasaonel moisture and temperature variations (i.e.
depth of potential zone of soil desiccation and
dehydration).

(e) Depth of surfacial seasonal variationa of s8oil bearing
strength, compressibility and svell pressure in relation to
environmental controle.

(f) Scour, erosion and undermining river currents aa vell as

wind and wvave action situations.

The cheracteristics of special soil conditions for placement
of foundations are taken into consideration in relation to the
folloving eight (8) factors of the site:

(a) Geolagical conditions especially the rock typee and their

b e

chemical and primary mineral compoaitionsa.
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(b) Geomorphological and terrain features including internal
drainege conditions.

(c) Pedogenetic charaecterietics (profile features, structure and
compogitional factors) of the 20il aystem.

{d) Degree of weathering, 801l evolution trend and final =soil

type.
{e) Climetic conditions, especially sub-s80il moigture conditions
end seasonal variations with depth.

(f) Type 8and contentg of primary and secondary minerals and

chemical constituents.
{g) Degree of variability of genetic, compogitional and geo-

technical characteristics of the soils.

* In practicael terms, one should have some idea about the

depth of veathering in a given region (e.g. Fig. 15.6); one
should also have an idea about the variations of sgoil praofile and

the nature of subsoil, as vell es the cheracteristics of the

various horizons of the scil profile (Fig. 15.7). When these have
been established, we should knov the type of go0il we are dealing
vith at the foundation base level. Among the laterite and other

tropiceal residual &8so0ile there sare 8ome Ssoils wvhich are

problematic and some criteria are given elsevhere (see Fige. 8.8

to &.18) which help to identify the type of problem so0ils we are

desling with.
Another important factor that has to be considered is the

depth of seasonal temperature variation (Fig. 15.8). There is

also the zone of moisture variations and desiccation, inducing

varietionsg in =20il properties such as moisture content, densgity,

i51




linear shrinkage (Fige. 15.9-15.11) and unless the foundation
base 1is2 pleced bhelow these zones aof tempersture, morphological
and soil praperty variations, there may be trouble with the long-
term gstability the foundation and the buildings. A typical
example of seasonal moisture varietions with depth in a
particular area, and generalised to Fig. 15.12. These information
asgist to identify the depth of safe placement of foundation base
to avoid some of the problemg associated vwith seasonal moisture
variations. This depth for shallovw foundation varies from 0. 3m to
lm deep from the ground surface in most parts of Ghana. For safe
sites, sastandard strip foundation (Fig. 15.13 and 15.14) is
adequate. Hovever, in problem situationa other solution options
have to be resorted to. One will realise that since vater is the
greatest destroyer of soil strength, foundation soil protection
against strength loss and erosion is very important in laterite
housing construction. Fig. 15.15 gives some typical details of
foundatiaon (zshallow) constructionse which are applicable to
specific subsoil situations. Note that (see Fig. 15.14) wvhere a
foundation is &atepped the width should be at least tvwice
thickness and it should never be less than 0.3 metre. Shallov
foundation design &and construction in ‘the various tropical
countries have been reviewed by many authors including Wolfskill
(undated); Schrekenbach and Abankva (1983); Hemmond (1984);
Gidigesu (1977, 1985); Gidigasu and Andoh (1980); Gidigasu and
Appeagyei (1984). Some of the besat =solutions to - shellow
foundation problems for tropical buildings that have given
gatisfactory services for specific g0il conditions are reported

eléekhere {e.g. Hammond, 1984). Water is the greatest danger to
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the gtability of shallaw foundationg, and attempts have been made
to find solutions to specific cases. For example, Fig. 15.16 show
the various means by which the water can enter the subsoils and
foundation sgtructure itself to undermine the building. Various
attempts have been made to deal with the problems of this nature
(e.g. Tomlingon, 1986). An example of a suitable solution to 8such
8 problem to prevent, say floor damping is given in Fig. 15.17.
Some areas where expansive soils overlay the site, a peculiar
:ailure of buildings by the process of so-called cornersg dovn
(Fig. 15.18) do occur. For such subsoil conditions sepecific
foundation types are used; these have been reviewed elsewhere

{Gidigasu, 1985, 1987, 1990) (see Fig. 15.15).

15.2 THE ADOBE WALLING TECHNOLOQOGIES

Thia technology of earth wvalling is fast catching on for
some yearsg nov and it hes proved successful provided regular
maintenance i8 carried out on the building. If the wvall i=s
plastered and the effect of erosion is controlled around the
building the house could render useful service for a very long
time. Adobe walls made of blocks from the TEK block machine
appearsg to be the one vith the greatest potential becuase of ease
of manufacture and of laeying. The TEK Block Press would have to
bhe mass produced to facilitate the production of durable &adobe
blocks and also make them affordable to rural housing societies,

the same aspplies to lime-stebiliged lateritic block walling.

15.3 THE RAMMED EARTH CONSTRUCTION TECHNOLOGY

This technology could produce very gaad wvalls for houses

provided the right material is used for the construction. One
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factor which wvould 1limit its use in the rurel aresag is the
construction of the shutterings for the valls. Technology inputs
could assist in training carpenters to manufcture the
ehutterings. It was also found that it could be expensive and
also needed skilled 1labour to do it; +training wvould help
eliminate these constreaeints.
15.4 EFFECT OF MOULDING MOISTURE ON THE STABILITY OF THE

ADOBE AND RAMMED EARTH WALLS

Moulding mwoisture has a significant effect on the stability
of the rammed earth. During the construction of the trial rammed
earth wvall, it was observed that vheén the moisture content wvas
not adequate, good compaction vas not achieved and vhen the
moisture content wvas too much adequate compaction vas also not
achieved. Actually, when the 80il is vet the ramming becomes very
diificult. This indicates that for every moil type to be used,
trial mouldings should be done to find out the appropriate
moisture content for ramming vwhich, in this case, wvas found to be

about 5% vet of the optimum moisture content, of standard Proctor

compaction.

15.5 EFFECT OF COMPOSITIONAL FACTORS ON THE QUALITY OF
THE RAMMED EARTH

With the rammed earth wall constructed at Fumesua, it wvas
observed that the soil composition affected the quality and
stability of the wall. For example, micaceous soils appear to be
unsuitable in untreated form for walling unless plastering is
Vapplied immediately. The gravel content should be related to wvall

thicknese; generally gravel particles readily regregated in the

* e

wall. Based upon these observations optimum grading envelope
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should be proposed for lateritic materials in relation to the

proposed thickness of the rammed earth wall.

15.6 COMPARISON BETWEEN RAMMED EARTH AND THE ATAKPAME
WALLING TECHNOLOGY

With the rammed earth technology, it was found that the
consatruction of the suttering needed gkilled personnel and it
could alsoc be costly and the process more tedious than the
Atakpame one. The Atekpame walling technology which has been in
ugse for a very long time, does not require skilled labour and the
process 1s very easy for anyone interested, vhether gkilled or
not to adopt. With the high cost of building materials, the
At;kpame technology would s8till have to be the one to be
preferred by the rural peocple but impravement in the quality of
the.end—product wvould be desirable, thig may form the subject of
further developmental s8tudies to be reported in the Third
Technical Report early 1992.

The key aspect of the project is the production of durable,
affordable and acceptable dwelling houses for the rural poor in
West Africa including Ghana. The degign of the buildinge is
therefore a Very challenging task and care is8 to be taken to
eliminate @8all existing faulty and uneconomic design methods and
congtruction technolaogies. The architect has to drawv on existing
information on the good performance of earth buildings i1in West

Africa and the vast literature published elsewvhere (e.g. GTZ;

Habitat and Cratterre). For example, speciel attention has to be
taken of design end construction innovations to ensure that the
proposed buildings are safe from the following known results of

poor designs, construction and maintenance practices.
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(1)

(2)

(3)

(4)

(5)

(e)

(7)

8)

Cracking of the earth adobe or rammed earth wvalls, due to

poor golil eelection, poor foundation type and poor

construction technology.

Weathering and 8pilling off of plasters and valls
themselves, should he designed for.

Foundation exposure through erosion due to lack aof aprons
around the buildings, should be designed for.

Various optiong of 1lintels +to replace the expensive
reinforced concrete ones should be investigated.

Proper roof design to provide sdequate eaves and yet ensure
appropriate hooking of the roof system to the vall to
vithstand the forces of driving rain and strong vinds.
Landecaping eround the building to eliminate excessive
compound erosion and creation of gulleys along village
streets.

Uze of alternative secondary (non-exportable) s8species of
timber to bring the roofing, door and windovw prices down to
the affordable level for the rural poor.

Poor indoor climatic end ventilation conditions as vell as
poor drainage and unhygienic conditions around the buildings

to be avoided, through proper ventilation and Dbuilding

orientation.

Some of the possible solution optiongs to the abave-named

problems are summarised in Table 15.1

156



15.7 SOME PROPOSALS FOR IMPROVING EARTH BUILDING DESIGNS
AND CONSTRUCTION TECHNOLOGIES IN GHANA

The overall performance of earth buildings depend upon a
number of factors. The field performance studieg have attempted
to isolate and handle the various components of the buildings,

examine their performance and then attempt to propose

improvements thet will enhance the earth building construction

technologies in Ghana. Because there has not been deliberate

scientific input into earth building construction in Ghana, a 1lot

of the earth buildings were wrongly constructed. For the purpose

of clarity we will deal with the various buillding components

separately.

15;7.1 Standard shallov foundations

For sound shallov foundation practice cognisance should be

taketn of the adverse effectea of the environmental factors

including the nature of the s8o0il profile, the degree of

degiccation of the soil, the depth of seasonal temperature and

moisture variations 1in the profile, and the various meang by

vhich rain water enters subsoil below the foundation, and the

foundation structure itself. Generally, it is desirable that the

gub-80il conditions ghould bhe thoroughly evaluated geotechnically

and depth of seasonal moisture and temperature variations well

Profile features should be properly characterisged since

to

defined.

non-uniformity of the g0il benesth the foundetion could lead

many foundation problems. Sometimes it is impossible to avoid

areas underlein by problem soils such as dispersive and erodible

soils, expansive and shrinkable soilils, collapsibhle s&oils, and

ét?ucturally sengitive gOils. The relationship between shrinkage
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and volume change is sometimes indicative of poor materials for
adobe block production. The degree of lateritization, the
physico-chemical properties as vell as the chemistry and
mineralogy ' of the soils are important inqicators. For example,
the variability of the scoil composition 8s vell as the moisture
and astrength properties with depth are important indicators and
80 are the influence of certain compositionel factors on the
strength index of the s0il in question. This aspect of site
assessment falls within the competence of the soils and
foundation engineers and hence justifies the participation in
such a project of a versatile soils and foundation engineer vho
has profound knowledge of the so0il types in the area.

The traditionel shellov foundation vould be recommended in
good sub-sc0il areas; the general requirement is that the base of
the foundation =should be placed belov the =zone of seasonal
variations of temperate, moisture, density, volume changes, and
other significant paor soil properties. Where the site is rather
difficult 8alternative foundetion types may be resorted to. One
option is to design gravity foundation to keep the svell preasure
under control. Sometimez pilee may be used. The float wmat
foundation type would be considered too expensive fot-lov cost-
housesg &ince traditionally, it i constructed in reinforced
concrete. For very poor s8ites the vhole s8ocils belovw the
foundation of the building may have to be removed and replaced

with rubble and lasteritic gravels with lean concrete put on it;

. quartzitic gravels may also be used as fill material and vell

compacted.
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13.7.2 Earth/earth based wall

The investigation has established that both rawv as well as
local lime stabilised lateritic fine-grained so0ile can be used to
produce good adobe walling blocks. It has alsoc been establisgshed
that lateritic &stone can be cut into proper block gizes faor
walling purposes. Good knovledge of the nature of the rock is
required to be able to characterise them and select the mosat
appropriate methods of vinning of the stones into blocks; this
falls within the area of engineering geologists. It i 8 goaod
practice to select the most appropriate 8o0il for raw ar
etabilised adobe walling blocks. This falls within the competence
of a materials engineer; the skill of walling is an important
précesa; this should be carried out under the supervision of a
congtruction engineer or a competent congtruction technician. It
is ~not possible to give specific instructions relating to the
801l gelection and/or improvement for adobe blocks praoduction for
all lateritic materials for walling constructional worksas. Each
material =should he subject to some preliminary evaluation since
the wall quality will depend on the materiale available; and the

materials engineer should be well informed of how to deal with

the materiasls in order to reduce cast.

15.7.3 Earth wall protection technologies
The problem of protecting earth building walls can be =olved

either through application of veater-proof plastering materials

guch as bitumen, loamy sand mix, or use of more durable materials

guch as sandcrete blocks at the base to a certain height to

eliminate potential erosional effects at the base of the wall or
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again, uze gpecific technology of soil protection that have been
developed in, say, India and North America. For example, blending
of gpecific type of soil with bitumen have bheen found successful
in Ghana, ' and the s0il type that proved useful with bitumen as
vell as the technology of bhlending them with bitumen have been
discussed in detail elsevhere {(e.g. Bawva and Hornsby-0Odoi, 1965).
There are other technolaogies developed in various partg of the
world not excluding Ghanas. The improvement of these technologies
have not been documented in deteil and most of the technologies
are not amenabhle to application in ell environments with the
human skills available. QOne majbr problem with wall protection is
epilling off of cement plasters from earth wvalla. It is &8
technological error to asaume that two materials of such
different &atrengths can wvork together. The &8trength of the
valling material, the mortar and the plastering material should
be as close as possible to ensure compatibility. Strength ratios
of the stronger to the veaker materials should be belov 5. It has
been found, for example, that where cleyey =so0il mortar vas used
for laying unstabilised adobe blocks and the vall plesatered vwith
8ilty clay materials which are not smenable to dry cracking
followed by tvwo to three coats vash vith bitumen to a certain
height that is prone to attack by driving rain there had been
good performance results. The problem of earth wall protection
falls within the area of materials engineer; there is need for

more resgearch to give this problem gome long-term golution.
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15.7.4 Roof failures

We are always very surprised that driving raingtorms rip off
eomg of our roofing sheete but we forget that because of lack of
g8clientific inputs, for example, the concept of life expectancy
roofing sheetg 18 alien to us. We also ignorantly assume that all
roofing sheets should last for, gay, 100 yearse under all climatic
and natural disaster prone conditions. Corrosgion of roofing nails
and eheetg and other defective degign practicee such as
inadequate roof slopeg induce suction rather than load pressure
and these cause roof failures. Another important consideration
which desgires looking into i8 the fact that excesgive
exploitation of our foreet, which formerly served ag wind brakee
near rural houses are gone; tree planting to form wind brakes

should be intensified to save rural dvellings from premature

failures.

1%.7.% Erosion control of compounds and proper drainage

The traditional method of maintaining grounds in the rural
areag 18 regular sweeping. In actual fact, it is a contribution
to compound erosion. There are big gulleys in a lot of old
settlements &nd some foundations are hanging about 2 metres from
the initial level. In some cases, it is noted that there haved
been no foundations at all. All said and done, it is suggested
that there is need for scientific rural housing delivery process
through adequate &gkilled manpover development &and there ie the
need to induce local praofessionals especially architects,
construction, materials, foundation and structural engineers, as

wvell as landscape planners and designers to team up to produce
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durable and affordable rural buildings that will have life
expectancy of, at least, SO years. Proper drainage should form
part’ of our rural settlement development straetegy; =site and
gervice fa€ilities wmay equally be provided as part of rural
settlements development and aenitetion improvement procesases.
This project is, by no means, a housing project per se; it
is a project on housing material development but housing material
development cannot be handled in iaolation,. its role in the
overall housing delivery process should have been kept i1in wind
hence the lengthy interest in other aspecte of the rural

lateritic materials housing delivery strategies.

162



16.0 ECONOMICS OF USING NATURAL AND IMPROVED LATERITIC

MATERIALS FOR RURAL HOUSING CONSTRUCTION

This chapter attempts to find an analytical justification
for the promotion of earth building materiale of acceptable
quality at affordable price to respond to the construction needs
of the country’s population. It i8 an attempt to look at the
building economics aspects of the general terms of reference.

Coat comparison of the five (5) wvalling material types
namely, sandcrete, cement/laterite, raw laterite, lime laterite
and rammed earth walling, building unit area of different wall
types, unit cost of standard 18" x 9" x 6" the five (S5) under-
mentioned walling types. Similarly, the effect of transportation

on unit block cost and total cost wvas investigated.

16.1 ECONOMC ANALYSIS AND METHODOLOGY
The analysis conasidered a standard 2-bedroom house as the
experimental unit. For the purpose of this report, the walling

element was isolated and emphasis placed on it. Sandcrete block

vall which is fast becoming the conventional material for formal

congtruction and laterite wvas compared 1in terms of cosast

differentials.
The quantities used 1in the analysigs vere based on the

standerd of measurement for building works (8m»m 6). The attached

gummary bill of quantities vere priced using basic prices of

materials at Kumasi as at December, 1992.
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e.g. Calculation of Cost/SY of Sandcrete Blockwork

i. 150mm (6") 12 No. @ Cl167.46/blk C 2,009.52
ii. Wastage S-1/2% 110. 52
iii. Cement mortar 0.4 CFT @ C1, 000 400. 00
iv. Mason 3/4 hr @ C312/hr 234. 37
v. Labourer 1/2 hr @ C125/hr 62. 50
vi. Scaffolding and sundries 60. 00
C2,876.91
ASSUMPTIONS
1. Assuming an eight hour vorking day
2. Rate/Man-day of skilled artisan ¢2,000/day
3. Labourer rate ¢1,000/day

SUMMARY OF COST/SY OF DIFFERENT WALLING MATERIALS

" Material type Comst/SY) Cost/SY Cost of

(#) (®) nominal

1. Sandcrete block 2,876,910 5.53 167. 46
2. Cement laterite block 1,516.34 2.916 51.99
3. Raw laterite block 1, 449.88 2.79 54.77
4. Lime laterite block 1,547.74 2.977 62. 47
3. Rammed earth wall 1, 009.96 2.112 27.10

1 USs = €S20 as at December, 1992

16.2 DETERMINATION OF UNIT PRICES OF STANDARD/NOMINAL SIZE
OF WALLING BLOCK 457mm x 225mm x 130mm OF DIFFERING

WALLING MATERIALS

{A) Conventionasl Sandcrete Block

Analyeis
Material Inputs
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i.

ii.

iiid.

(B)

Sand 6 CY/trip (bucket gize) @ ¢7,000/tr1p = C7,000. 00 {
No. of blocks derived using/assuming

Bulkage factor of 25%

Vol. per normal block = (1.35) (0.75) (0.5 = &CY . 0.75
(0.21) CY
= 214 No.

From specification and by practice

3 bags of Portland cement = 100 blocks @ ¢2,900/bng
= ¢ 8,700.00

for the derived 214 blocks equivalent cost = 18,618. 00
Water 3 barrels per trip @ C600/barrel ¢27,418.00
Labour

Moulding C30/block x 214 blocks ¢ 6, 420. 00
Plant

Sundry (conveyance) Pellets and machine ¢ 2, 000. 00
Summary

1. Material ¢27,418.00

2. Labour 6, 420. 00

3. Plant 2, 000. 00

¢ as, a3

. . Cost per block
' 214 blocks

¢167.46/block

Rav Laterite Soil

a) Material ¢ 1, 500. 00
i. Laterite soil Wwinning
assumption Loading
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material very close Transportation
to s8ite, require one

labourer for winning,

loading, transportation

@ C1,500/man-day

id. Bonding agent (absence of cement or lime)
ii4. Water 3 barrels @ ¢600/blocks 1, 800.00
} 3,306.00
b) Labour
Moulding #SO/Dlock x 214 blocks ¢ 6, 420. 00
¢ &4z0.00
c) Plant
(Sundry) conveyance or press to site ¢ 2, 000, 00
§ 2,000.00
Summary
: i. Material ¢3, 300. 00
ii. Labour 6, 420. 00
iid. Plant 2, 000. 00
?11,720.00
.‘. Cost per laterite block = Cl1,720
214 hlocks

= #54.77/b1ock

(C) Cement-laterite block

a) Material Inputs

i. Leterite soil (winning, loading,
transportation) ¢ 1, 500. 00

i4. Bonding Agent (4%-8%) assume 6%
cement of (normal sandcrete block)

ii4d. Water 3 barrels @ ¢600/barrel 1,800.00
¢ 4,417.80
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(D)

b)

c)

il

ii.

iii.

Labour

Moulding ¢30/block x 214

Plant

Sundry conveyance of blo

ck presg, etc.

Summary

Material ? 4,417.80
Labour 6, 420. 00
Plant 2, 000. 00

¢12,837.80

. Cost per block

Lime-laterite soil

a)

iid.

Material Input

i. Laterite (winning,
trangsport

ii. Bonding Agent

Coat of 15Skg hydrat
lime (BRRI)

Equivalent cost i.e
50 kg cement

Equivalent quantity
trip of 6 CY

3%~-6% lime composit

aggume 6%

barrel

167

Cl2,837.80

Water 3 barrels @ C600/

214
loading,
ation)
ed
= # 1, 200. 00
= 4, 000. 00
per
= 25,680.00
ion
= 1,648.80
= 1, 800.00

¢ 4, 948. 80

¢ 6, 420.00

¢ 6,420.00

2, 000. 00

2, 000. 00

f 159, 99

¢ 1, 500. 00

A TN




b) Labour

Moulding C30/block x 214 ¢ 6, 420. 00
c) Plant

Conveyance ‘ # 2, 000. 00
Summary
Material = ¢ 4, 948. 80
Labour = 6, 420. 00
Plant = 2, 000. 00

Cost per block ¢13,3sa.80/214

¢52.47/b1ock

{E) Rammed Earth

a) Material Input

i. Earth (vinning, loading,

. transportation) f 1, 500.00
it. Bonding Agent
iid. Water for blocks 3 barrels @ C600/
barrel 1,800, 00
¢ 3,360.00
b) Labour
Kneading -
c) Plant ¢ 2, 500. 00
Summary
Material = p 3, 000. 00
Labour = 2, 500, 00
Plant = -
¢s,eoo.oo
" Cost by equivalent volume = q5,800/214 ¢27.10

168



16.3 SAVINGS IN INPORTED CEMENT
Statistics indicate that approximately 58 percent of all
walling materials in Ghana is earth. Ghana being a developing
country with competing demand for =carce materials,
therefore, requires a housing strategy that will take its
strength from the existing local resources. The existing housing
stock have an average life spans of about forty years and
therefore with the newv improved laterite blocks, there is ample
hope for improvement.
Belov is the derived input equivalence of portland cement

that will be employed in the conventional blockwall construction.

Item Cost (¢)

1. Manufacturer of normal block
75 bags cement @ Q2,900

¢217,soo.bo

2. Bonding mortar (1:4) cement
and sand 25 bags at ¢2,goo

72, 500. 00

Total cost of imported cement ¢290,ooo.oo

The equivalent coast in US dollars (1 US $ = ¢520.00) ie
$557. 69 per standard housing unit using the IDRC-BRRI
experimental house Type A. With Ghana’s current achieved delivery
of 20,000 housing units per annum, this gives an estimated

savings of approximately $11.15 million.

16.4 CONCLUSIONS

The cost analysee above showed that leterite blocks for
housge construction can 8erve as& &an B8lternative to the
conventional sandcrete block wall construction. A tvo-bedroom

house, e.g. IDRC-BRRI laterite housing experimental Type A costs
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17.33%Z 1less than a similar one constructed with conventional
sandcrete block as at December, 1992.

‘w1th the introduction of leterite block presa and the
adoption of ‘high quality earth (laterite) for house construction,
instead of the present dependence on sandcrete blocks, it i=
hoped a saving of approximately $11.15 willion will be made
annually based on current delivery rate of housing unita. If the
econamic condition impraoves and the delivery rate is increased
to the required delivery rate of 133,000 units annually, there

will be a net saving of $74.17 million in scarce foreign money.
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TABLE 16.11 TRANSPORTATIONAL VARIANCE
WALL TYPE

A. Sandcrete Block
Valuables

1. 6 CY of sand
2. Portland cement per bag

3. Conveyance of Pellets and Press

B. Cement laterite block

11

i. Portland cement per bag

ii. Conveyance of Pellete and Press

cC. Laterite

1. Conveyance of Pellets and Press

167. 46
< Skm

7000
2900

2000

39.99
2900

2000

S34.77

2000

206, 84
AgLx<10

13500
3200

4000

69. 80
3200

4000

64. 11

4000

b

COST PER BLOCK TRANSPORTING

211.24
10€x 15

13800
3300

2000

74.71
3300

3000

68.78

2000

216,15 218.50
153¢x 20 20¢x<2S
14200 14500
3400 3400
6000 6500
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TABLE 16.23 COST OF EACH TRADE SECTION (BILL ITENS) AS
A PROPORTION OF TOTAL COST OF BUILDING
CONVEN- LATE- X COST OF
ITEM DESCRIPTION LATERITE TIONAL RITE EACH ITEN
' HOUSING SANDCRETE TRADI-
BLOCK TIONAL
A Preliminaries 323,138 382.948 9.99 9. 80
B Substructure 829,379 1,043,070 25.00 26. 66
c Roofing 372,750 372, 750 11.52 9. 53
D Blockwork 164, 850 549, 500 5.09 14.04
E Woodwork 596, 380 596, 380 18. 44 15. 24
F Wall, ceiling and
floor finishing 376, 280 376, 280 11.63 9. 60
G Painting and
Decorating 211,920 211,820 6.55 5.42
H Services 200, 000 200, 000 6.18 S.11
I ~External Works 180, 000 180, 000 5.60 4.60
TOTAL 3,234,638 3,912,878 100X 100%
NOTE: The results represents cost pertaining to Kumasi, vhich

lies in the wmiddle belt of our country, Ghana,
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17.0 INSTITUTIONALISING THE RURAL LATERITIC HOUSING DELIVERY
PROCESS IN GHANA

One of the main objectives of any Research and Development
activities i2 ta make the findings available ta the user
agenciles. Ta achieve effective dissemination of regearch
findings, practical application of +the findingse have to be
organiged thraough demanstratian (practice) and educatian. Fig.
17.1 shaows inter-relationships betwveen the three eress. Fig. 17.2
alsao shove that in 8 generalised procesg of development of
standards and specifications, the processe has to involve eight
phasea. The four key ones being the reaearcﬁ development and
tegting, the design specifications, building construction
technaolagy, and the in-service performance evaluation.
Information gathered at various levels are used for assessing,
evalyating and upgrading of existing stendards, gapecificatiane,
and technolaogies. This leads us to the concept of technoalagy
transfer. Technology transfer per s8e alsa involves eight stages
ar processeg (Fig. 17.3). After the reseerch execution all these
procesgseg have to be properly co-ordinated at the national and
institutional levels, by policy instruments, regearchers,
institutione, extensiaon aofficers, contractars, quality control
specialists, as well as the beneficiacy target group. The central
institution for disseminetion of research findinge and technolagy
transfer relating to law cost housing in rural egrees in Ghana ie
the Department of Rural Housing and Cottage Industries (DRHCI).
Fig. 17.4 shave the existing structure of this departmént. The

Department hag been mast i1neffective due to many factorse. The

moet negative factor is the typical top heavy structure with
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cperational erffectiveness in terms of outputs being insignificant
at the project executiaon levels. The existaing operational
structure of the Department is presented ain Fag. 17.5. Note a
major weakness 1n the fact that the digtrict organiser i= not a
professional, and also one does not seem to create room to relate
the number of operativea at the lowvest level to the magnitude of
wark. This may cause over vork of the operatives vhere the
project is a big one or redundancy where the project is esmall.
Flexibility in this area 12 highly desirable. This Department is
being decentralised to the 110 districts and the structure being
proposed to enable it function effectively is shovwn in Fig. 17.6.
With this structure, the DHRCI should become a co-ordinating
insgtitution with &@& <free hand to tap resources from all
institutiona dealing with processes of materials research,
development and production, utilization and field performance
evaluation, as well as quality control technology in housing
construction.

Quality control and development of local building materials
gshould be the responsibility of accredited institutions such as
the Building and Road Research Institute and similar institutione
while the Department of Planning and Housing Research (UST) and
the DRHCI should make themselves open to operate fully with other
institutionse as an agents of Technology Transfer to the grass-

roots national, private and non-governmental infrastructural

develaopment organisations. There should be a follow up of action

to train 200 masons after the seminar to be supported finencislly

by the Ghana Government. The 200 masons will be brought teo the

BRéI from the various cistricte of Ghana to undergo a crash
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Programme of training in earth building processes. Ae at nov,
there is no national institute in this country charged fully with
the ;raining of craftamen 1in earth buildings construction. For
example, Tablle 17.1 shows that earth congtruction is2 not even one
of the courses being taught in all the state technical institutes
and polytechnics of the Ghana Edﬁcation Services. There is &8
strong need to expand existing institutional structures for
training tradesmen in earth technologies for building
construction. A proposal may be made by Government through the
IDRC for consideration by CIDA, to develop follow-up actions that
vould wultimately lead to the setting up of & network of rural
housing delivery facilities in the whole country. The existing
local housing delivery institutions should set aside funds for
continuoug training of artisans in the s8kills of rural housing
construction in earth. The Building and Road Research Institute
in conjunction with all interested partiee are ready to undertake

the job of popularisging earth technologies for building

congtruction in Ghana.

17.1 NATIONAL HOUSING SITUATION

As 1indicated earlier, housing deficit as at 1986 for
settlements with a population of 5,000 people 8nd above wvas
estimated at about 250,000 units. The overall demand for the next

20 years is 133, 000 housing units per annum.

The Central Government provides about 20% of totael urban
housing and the private sector 80% of the housing delivery as at
1986. Since 14978, the cost of imported building materials and

houging has been so phenomenal (Gidigasu, 1987a) that the average
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Ghanaiaﬁ is unable to put up his own house. The present housing
crisis is due mainly to the lack oi foreign exchange to aimport
enough foreign building materials, and the general tendency on
the part of past governments and local entrepreneurs to ignore
the need to commercialize local research findings.

Now that the country is short of foreign exchange, and
cannot continue to import foreign building materials to ensure
large housing delivery to meet the deficit, the government is
forced to start a vigorous programme of promoting the production
and use of local building materials: stones, soil-based
materials, and timber. The national housing projectiong to the
year 2005 and proposed investments in various facilities to
achieve the targets have been published by government (Ministry

of Works and Housing, Ghana, 1986).

-

17.2 NATIONAL LOW-COST HOUSING PROGRAMME (1972-1974)
In 1972, a Committee was established by government as the

most recent actor in the drive to provide housing within the

means of large numbers of people. Dwelling units constructed with

meney provided to the committee generally consigted of one to

four roome and vwvere situsted on planned sites. Water and

electrical power are generally available, and the sites have road

acceess, latrines and storm drainage. 0f 1,974 dwelling unitse

either under construction or completed during Phase 1 of the

project, all but 21 cost less than $US4, 000.

All of the units planned during Phage 1 vere to be located

in the regional capitals. In addition to implementing low cost

housing projects, the committee was also mandated to evolve an
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oranisational gtructure to facilitate the planning and
implementation of national housing programmes and palicies.
Emphasis vas to be placed on housing lov-income Ghanaians and on
utilizing lotal building materials wherever possible.

The problem over the years in achieving housing targete has
been, among other things, the apparent disregard of the fact that
the high cost of imported building materials is the main obstacle
to cost reduction in housging. Secondly, the housing policies, if
they existed at all, have been very ambiguous; because the
mechanice for implementing the policies, programmes, and projects
have not been clearly stated. Congequently, almost all the paat
housing programmes have had to be abandoned before the expiration
of their planned period, due to financial and/or organizational
bottlenecks. With the acute shortage of foreign currency to
impoft sufficient foreign building materiala, Ghana has no
alternative but to develop local building materials using

technologies and local resources with, of course, some foreign

appropriate technological inputs.

17.3 PROPOSED ACTION PLAN FOR URBAN SLUM REHABILITATION AND
UPGRADING

Slum areas in urban centres have over the yearg received
very little attention. They are generally characterized by badly
deteriorated housing conditions and infrastructure. These
caommunities lack access roads, drainage, vater supply,
sanitation, etc. High population densities, coupled with limited
or non-existent health facilities, expose the residents to high
risk of disease and health hazards. The inhabitants of these

areas possess a high degree of inventive genius which can be
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tapped to enhance productivity. Community upgrading schemes in
urban and rural areas have been initiated in slum areas.

One successful scheme has revealed that subsequent schemes
would consolidate benefits of the previous scheme as a cost-
effective approach to improving the living environments of
communities which are devoid of basic infrastructure services. It
also wunderscores a rational approach to the role of the public
sector in urban development through cost effective improvements
to infrastructure such as roadsg, water, latrines and electricity.
The programme constitutes an essential component of a proposed
secondary cities project, designed through strengthening
financial institutions of municipal administration to provide
urban services and maintenance to enhance productivity.

‘The project will finance civil worhks, technical assistance,
equipment, material and training for the provision of bagic
roads, drainage, water supply, electricaty, sanitation and
garbage disposgsal facilities in identified localities. The
economic benefits (or costs) include increases in praperty values
as a result of upgrading activities associated with neighbourhood
improvements, as well as economic rates of return of over 500X
wvithin one year after completion of upgrading.

(a) The project is labour intensive end will therefore create
employment opportunities to relieve unemployment.

{b) The project also addresses the problems of the urban poor
through neighbourhood improvement programmes.

infragtructure will

{c) Finally, the development of urban

enhance the development of the economy.
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17.4 RURAL HOUSING PROBLENS

In rural areas, the 1986 statistics indicated that state .

t

hcocusing delivery constitutes only 3J3i%. In the 1975/76 to 1977/79

| ‘ o
five-year development{plan, urban and rural houeing vag allocated

e anly Zodl,qf the. national budget, and of that amount,'only a very

Srhessuay Huedbiiog!

TR T
bt el 2o 2rey oo e B ¥ AL,

emall fraction was spenﬁ hy government through the Departmen of
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1

Rural Housing and Cottage Industries., ﬁhe Hinistry of LabOur and

]
=

Social Welfare also tried to help the rural areas through self-
help caongstruction projects. These vere mainly building
canstruction works which vere volunterily undertaken by the rural
"community to improve their environment and to provide some
amenities and facilities. -

This vag meant to minimize the dependence of rural
communities on the central government for some of their develop-
mental needs and also to build their compeétence and self

reliability. For example, the 1975/76 programme of self-help

construction projects included 27 rurel school  blocks, 3

community centres, one house-craft centre, one postal agency and
one sStreet, a total of 33 projecta. Four of these projecte vere

completed by the end aof the financial year, vith the rest at

various stages of completion.

17.4.1 Scope of Proposed Rural Housing Activities

{a) Initiate programmes of assistance to rehabilitate rural

houses.

(b) Initiate integrated rural housing development programmes

with infrastructural services.
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(c)

17. 4.

(a)

(b)

(c)

(d) _

17. 4.

(a)

(b)

(c)

(d)

.

Initiate rural 1industries as basis toc generate economic

activitiese and to reverse the rural-urban migration.

2 Infrastructure for Tresining Programme

Human resource development through upgrading of skills of
ungkilled workers.

Regional material laboratories to serve asg training grounds
for earth conestruction technicians in collaboration with the
Research and Development institutes of the country.

The exiating 26 technical institutionsg under the Ghana
Education Service thet train building construction tradesmen
do not have earth construction on their programmes - this
vital area will have to be incorporated in their training
programmesg since that is the traditional housing technolaogy.
Retired or redeployed staff of houging delivery
organisations may be mabilized to form the nucleus of a

gkilled manpower pool in the districts for wundertaking

houging construction worka.

3 Levels of Human Resource Development Envisaged

Training of tutorse for Technical schools, Polytechnics and

Junior Secondary Schools on earth (including stone) housing

congtruction technolagies.

Training for managers of district building materials

production centres.

Training of construction operatives on-the-job after the
Junior Secondary School or technical school programmes.
Training of operatives for rural private contractors, rural

hougsing societies and tovasviilage development caommunitiea.

181




(e) Upgrading of skills from time to time through vorkshops,

gseminarse and demonstration projects implementation schemes.

17.4.4 Technology Transfer

(a) The diétrict training centreg vill be the focal point for
the technology trensfer from R & D institutes through
treining and demonstration housing project execution.

(b) There 1is the need to produce simple manusls on all aspects
of rural housing and rehabilitation <for the technical
institutes, Junior secondeary s8chools and emall-scale

contractors.

17.4.5 Rehabilitation of Rural Houses

(a) This scheme has already started and is being supported Dby
geotechnical, eroeion control and foundation specialists.

(b) ‘Thg¢w¢istrict training centres will also provide upgrading
CQp;sps for the operatives usirg relevant research

ingtitutiong as their rescurce facilities.
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17.4.6 Rurnl Houning Build ng Materials Dovclopuont Progranuo

(a) Rural ' building materials development centresf willl be

establighed in évery district capital ‘to producé building
B "r |
materialé appropriate to the availa%le raw materialn of the

IR
i

distriet.jf |

(k) In ;atériﬁic étona, snndsiéaé and granite srees, stone
ha&aing..iéghnalggy,is to we promoted, 4 URIPO fessibility

. report 'iér Ghans on thegaetting up of a atene teghnology

unit attéched te the Buiiding gend Road Rasearch Inatitute
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(Shadmon, 19735) will be updated and expanded for UNDF

assistance in implementation.

(c)v Where clays are abundant, small-scale brick factories are
being 8et wup with a revolving fund of 3-4 wmillion cedis.
Thie money will cover setting up, trial run and selling out
of the factory to the District Council to recoup the money
in order to carry out the same process in other districtes
with clay deposits on long term basis throughout the
country.

(d) Where abundant limestone deposits and clam shells are
available, cheap lime will be produced using esmall-scale
rural technology (Ayetey and Gogo, 1975). In such areas,
small~scale lime-soil stabilization factories will elso be
set up, and the stabilized blocks produced will be used for

housing construction in the districts.
(e} In areas of sbundant lasteritic soils, adobe (pressed rav

soil and air-dried brick) factories will be sget up.
It is planned that the Rural Banks will support these projects.

17.%5 IMPLEMENTATION OF RURAL HOUSING ACTION PLAN

The Department of Rural Housing and Cottage Industries 1is
the main institution for co-ordinating all rural housing and
rural houeging/settlement rehabilitation and cottage industries

projects 1in the country. Before it can take on its expanded

respongibilities it should undergo extensive restructuring,

strenthening, and decentralization to achieve effectiveness 1in

operation.

.
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17.3.1 Strengthening Process of the Department

(a)

(b)

Action is being taken to set up district-level branches for
puilding human and ainfrastructural resource cpability,
particularly improvement of skills of the operatives and the
supervisoras.

Encourage inter-disciplinary approach to the operatiaon of
the Department. For example, it will now liaise with the
Town and Country Planning and other infrastructural develop-
ment organisations. Regionel infrastructural development
agencies and materials laboratories and relevant private
g8ector institutions will develop their district human
capacity and resources to assist in improving the quality of

life at the district levels.

Through this approach the Department will need among its district

operatives and supervisors, the followving key technicians:

Construction foreman

Survey (geodetic) assgistant
Plumbing technician

Drainage technician

Health assistant

Water and Sewerage technician

Highway maintenance technician

These technicians would assist the departiment of rural housing in

undertaking

rural housing and general settlement rehabilitation

works.
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17.5.2 Supervisory Body at the District Level
The Department will be restructured, decentralized and
strengthened to mobilize the following professional staff:
Building Technologist
Architect
Planner
Civil engineer
Economist
Representative of the district Rural Bank managers
Repregentative of the Department of Town end Country Planning
Specialist on land use and erosion control
Representative of Ghana Water and Sewerage Corporation
Disgtrict Secretary or District Administrative Officer (a2 the

Chairman)

17.5,3 Technology Transfer

The Building and Road Research Institute (CSIR), Department
of Planning and Housing Research of the University of Science and
Technology (UST), the Forestry Research Institute of Ghana (of
the Forestry Commission) would make available to the Department
their research findings and provide free consultancy serviceg as

vell as train their operatives to ensure higher quality of wvork.

17.5.4 Finsancial Support for the District Level Operations

(a) Regular Government budgetary allocation through the Ministry
of Works and Housing and Local Government.

(b) Cocoa Marketing Board which has been allocating some money
for the rural roads end housing rehabilatation and street

erogion control works in towns.
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(d) hufﬁl! pomﬁgﬁ;t&e$ JQili raise levieés for imﬁroving their
gnvironhénts an;‘for setting up small-scale indﬁstries.

(e) The Department of Rurai Housing and Cdttage I;dustries earn

money through consultancy services; this money should be fed

back into their operétional fund to expand the @acope of
developmental activities.
(f) Foreign source of funding from say PAMSCAD, 1IL0O, UNDP, etc.

are anticipated.

17.6 PROMOTION OF COMMUNITY PARTICIPATION IN ENVIRONMENTAL
IMPROVEMENTS

The general ecénomic decline and poor financial conditions
of the district céuncils have been the major factor for thq
deterioration in environmental conditiong in many rural
communities. Whereas the central government has been responsgible
for providing much of +the sanitation and environmental
improvement services in the past, it i2 now felt that community
improvement should also be the responsibility of the community
members. The decentralization process 1is @8also aimed at
stimulating community interest in improving their environment. It
is also designed to provide small tools/equipment to identifiable

community groups to undertake community sanitation improvement,

including street/drain/verge cleaning, vaste collection, tree

planting etc.

17.7 PROMOTION OF DEVELOPMENT AND USE OF LOCAL BUILDING
CONSTRUCTION TOOLS

A major policy objective is to improve the plant holding of

ru;al emall-scale contractors in the informal sector in order to
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improve their performance. The decentralazation process will
provide financial assistance in upgrading skille and acquiring
construction equipment for sale to selected trained contractore
for their operations.

Project preparation will include identification of target
contractors, assessment of needs, and preparation af project
documents for implementation; this professional input will be
provided by the district professional/research and development

institutes as well as consultancy institutions at nominal fees or

free.

17.8 SUMMARY AND CONCLUSIONS
Ghana attained independence in March, 1957, with high
expectations based on the huge reserve of hard currency which she

wvag earning as a leading cocoa producing country. She alsao had

~

efficient infrastructure for gold and diamond mining, which added

more foreign earnings. The taste of a semall proportion of the

population for foreign commodities, and their control of

political and economic pover, prevented rural development. Many

capital-intensive industries based on imported rav materials vere

set up.

The neglect of rural development led systematically to the

rural urban migration of potential cocoa farmers and neglect of

cocoa production. This coupled with a drastic drop in cocoa

price, resulted in the depletion of foreign exchange to buy spare

parts for the mining industry and industrial complexes, and raw

materialse to feed the factories.
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18.0 STRATEGIES FOR DEVELOPING NEW BUILbiﬁG H;*éRIALS-iN>GﬁANA
The Building Materials Laboratory of the Technical
University of Denmark is reported to have developed a method of
usiﬁg lateritic finegreined goils as basic rav materiels for the
production of & very hard block called "Latorex", suitable for
use in the high‘techno;quﬂpg;;ding construction industry. It is
suggested that the colour of the most suitable lateriiéré;;is for
the production of "Latorex" range from yellow to deep red. It is
also reported that lateritic materials with 10-12% sand <fraction
content and 20 to 50X clay size content are ideal for “"Latorex"
production. Similar studies are being undertaken in some other
European and North American countries through co-operative
programmes with developing countries of Asia, Latin America and
Africa. The United Nation; Industria; Development Organisation
(UNIDO) 1is also believed to be supporting a programme in Belgium
to upgrade the durability of lateritic materials through low to
high energy processes to produce high quality, durable, high
bearing strength and non-erodible building materiaslas. A staff of
the Building and Road Research Institute has been 1involved in
this programme and has proposed a highly innovative process of
lov energy stabilisation of typical lateritic soils from Ghana
usging alkaline additives. The doctorate Thesis produced (Gogo,
1990) has resulted from the joint research vork undertaken in
collaboration with the powerful composite materials development
group at the Vrije Universiteit, Brussels. National support for
and the commercialisation of this technology in Ghana is highly
proposed. Thisg vork is considered a major breakthrough in 1low
technology materials development using lateritic

energy high
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solle as the basic raw materials. It is understood that gimilar
studies are being undertaken to introduce wallaing braicks produced
through mixing and pressing lateritic clays and loamy clays in
especially designed presses developed in West Germany. The
history of trying to promote thie materials in Ghana is of the
higtorical past.

These lateritic so0il based materials are undergoing field
triesle in wmany developing countries but there is some fear in
many quarters about the nature of the real chemical contente of
some of these stabilisers; because dangerocug toxin wastes to
human being are.suspected ag possible elements incorporated in
some of the stabilisers. The major research findings at the BRRI,
namely +the pozzolana-cement project should concern all of us in
the national interest to ensure that it ie commercialised.

-In +trying to achieve the asgpirations of the Lagos Plan of
Action, most African countries and International orgenisations
are s8till unable to identify the most viable sgtrategic choices

for Africa to promote industrialisation at the shortest posgilble

time. The Lagos Plan of Action has clearly defined the targets,

etrategies, but the choices may not be as simple as vwe wmight

think. Recently, the Internationasl Development Resgsearch Centre

(IDRC) of Canada hosted a8 wvorkshop in Accra (IDRC, 1990) in

conjunction with the Association of African Universities to

identify the most advantageous s8trategic Research and Development

(R & D) choicee for top professional specialists, policy makers,

univergity &administrators, and regearchers from the sub-Saharan

Africa. It clearly brought out many interesting reasong to

improve regearch develaopment, remedies for laow regearch
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capability, the need for increased research capability, Donor
Assistance Policy, measures for the use of research results,
strengthening National Research Development policies, 88 vell as
appropriate funding wmechaniems. it =seems that institutional
strengthening and strengthening of research capability as well ag
the response of the recipient countries to the challenges of
doing the greater part of the work themselves stend ocut as key
bottlenecks or constraints that militate against making the
degired impact in the field of R & D mctivities in the sub-
region.

The private sgector which is the wmost potential actor in
buying, implementing and commercialising the R & D findinge is at
the moment too week to play its dominant role as the key vehicle
for rapid industrielization and economic growth. If we consider
the “eight classes of high technology materials used by society
(Table 18.1), Africa has not caught up with the technology of
producing any of them. The problem is definitely not associated
with the inferior brain of Africans but that of inability to take
the destiny of our economies in our own hands. Technical
assistance and aides are helpful but they may not be forthcoming
all the time. Indeed, most of the South-East Asian countries have
achieved breakthroughs in various areas because they have always
been awvare that the growth and vell-being in their subregion can
only materialise first and foremost through their own efforts.
The &etrong belief by some African countries that the economic
growth in Africa can only come from outside the continent has
been historically disproved because foreign aid is there but the

mitustion im groving vorse. It is said that "THE WISEMAN HAS HIS
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The only wvay of reviving the economy is to give rural
development priaority, increase cocoa production (through a sound
revard policy), divergify cash crop production, and, most
importantly, mobilize the population, egpecially the rural
peaple, thraough deliberate long-term action plans and
implementation policies. Thig ia being achieved thraough a policy
of almost total decentralization in which the disgtrict councils
would hecome the focel point of all the political and econaomic,
especially agricultural and small-scale indugtriel development,
activities.

The regult anticipated is2 the reverse of rural-urban
population migration, increased agricultural (including cocoa)
proauction, diversification of cash crops and strengthening of
digtrict &and rural level infrastructural institutions. The
importance of grassroots agricultural and industrial capacity
building to promote every aspect of gocio-economic development of

Ghana constitutes the innovative strategy which has begun to

yield encouraging results.

The benefits of grassroote district and rurasl level resource

mobilization and capacity building for agricultural and small-

gcale industrial development through vell-conceived motivation,

incentive and reward policy have nav been recognized. In

addition, through South-South linkages and co-aoperative arrange-

ments, innovative tailoring and adaptation of imported strategies

can be evolved to suit sgpecific environmental and socio-economic

circumgtances. The positive results emerging within this short

periad have amply demonstrated the values of tailoring

development strategies to meet local needs.
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HAPPINESS UNDER HIS FEET BUT THE FOOL LOOGKS FOR IT AT A
DISTANCE". The prices of imported building materials will never
come dgwn to meet the pocket of an average African house builder.
Why 18 +this so? It 1s becsuse the costg of producing them 1is
increasingly becoming very high. In a recently publisghed State
of the Art Review of "Materials Technology, Knowledge, Matter,
Energy and Development" which was issued by the United Nations
Centre for Science and Technology for Development {(UNCSTD, 1988),
the +trends 1in technological options, and stragegies of high
technology building materiale development and production vere
discussed. In an Executive Summary prepared by Dr. Trindade its
then Chief Executive Director, the key issues discussed related
to technologies, implications for development, capacity building
and policy options. In an overview to this volume of Advence
Technblogy Alert System (ATAS) of the Materials Development
Series, Prof. Hondros, Director of the Petten Establisghment
(Joint Research Centre, Commission for the European Communities)
entitled "Materials: A perspective" also outlined the trends for
high technology wmaterials development in & very comprehensive
way. He touched on avareness, the nature of materialsg, the
pattern of future materials consumption, the potential of
materials science and technology &and materials development
trends. For example, his conception of the relationship bhetveen
the quantity of materials in a product and information content 1is
illustrated in Fig. 18.1

This concept of heuristic model indicetee the time-dependent
quantity of material in a product and

movements in the

1nidrhation content of the materials. Each point represents the
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centre of gravity of a given material and the vector is the trend
for the future. THE IMPLICATION OF THIS ILLUSTRATION IS THAT 1IN
GENERAL FUTURE, MATERIALS DEVELOPMENT WILL INVOLVE A GREATER
DEGREE OF INFORMATION CONTENT OR A GREATER DEGREE QF INTELLECTUAL
SOPHISTICATION FOR EACH UNIT OF THE MATERIAL. The information
content can only be the result of the R & D activities. In Africa
we talk a lot about the continent being endowed with natural
resources, and recently we have started boasting about the number
of Ph.D we have in our universities and R & D institutions in our
various countries. It 1is erroneous to believe that abundant
natural resources, and a host of highly qualified human rescources
alone vould guarantee industrialisation, wve need to develop

appropriate capabilities to add values to the materials and to

venture into the development of new cnes to serve the society.

The }equirements, indeed, include nationel commitment to look at

ocourselves 1in the face and ask key questions as to what ve vant

and how we hope to achieve them. The readiness to do the greater

part of the problem solving ourselvee rather than rely too much

on outside help must not be overlooked.

In the light of the above, the key question is how can ve

make desired impacts in the development of low energy building

congtruction materialse to promote the housing delivery processes

and hence solve the present acute housing shortage? What

programmes do we hope to evolve as long term strategies for using

the abundant local raw materials (Fig. 18.2) to produce nev,

stronger, dureble and cheap building construction materials? A

lot has to do with how far wve suppor*t technological and

in

.

industrial institutions, motivate the capable vorkera to put
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their be=st and for the Government as wvell as the private sector
to be willing and ready to adopt or use the research findingse
which mey not reflect high technology festures in the beginning
but which, wvith application and user feedback information,
improvemente 1in gquality may come about. The patience to do this
ig one of the key factors that policy makers have to look at and
introduce some protection of local young industries from the
poverful, nhighly sophisticated foreign industrisl products and
multinational trading companies.

Though congiderable research findings have been published by
the Council for Scientific and Industrial Research (CSIR), the
researchers are alwayg dismayed to gee that the preference is to
look out for foreign consultante and sometimes hurriedly adapted
technologies which we are unable to maintain having regard to the
level of our technological capabilities, which are by all means,
quite different from our academic qualifications wvhich wve boast
about a lot these days.

In the area of local earth based building materials
development and production, some impacte 1in the area of
populerisation of brick and tile indugtries have been made.
Marketing is, hovever, still a problem and some of the factories
have been closed down due to mismanagement and lack of capability
to handle the technology. Though we may feel that some impact has
been made in the brick and tile production sector (Fig. 18. 3),
lack of gskilled brick-lasyers =still wmakes brick buildingse
comparatively expensive. The situation is, howvever, changing when
the +training for brick moulders and layers vas initiated and

fihéncially supported by the Ministry of Works kand Housing at
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the Building and Road Research Institute (BRRI) of the Council
for Scientific and Industrial Research (CSIR).

For the future R & D project formulation and funding in the
field of building materisls development end production, enmphagis
should be placed on and funding made available for the sreas of
national needs in the short-term basis to solve the pressing
housing delivery problem. Some of the key rav materislgs and their
potentials for wutilisation to produce high quality building
materials are summarised in Table 18.2. To make greater impacts
in the R & D activities in the areas of the development and
production of new and durable building materials, ve need to
familiarise ourselves with the degired philasophy of Reaearch and
Development in materials science (e.g. Rohetgi, 1988; Fig. 18.4).
The key actorsg are the links betvween institutions, industry and

gové}nment, structure of materials institutions, the role of the

materials institutions Bnd levelgs of North-South and South-South

co-operations. The need for inter-disciplinary research and

development structures is illustrated in Fig. 18.5. The key

elements include the role of research and development and

education and training. Under the role of research and develop-

ment, Willisms (1988) emphasised that major technological

'
.

advancesg in nev materisls are characterised by:

(a) A high degree of scientific content and research intensity.

(b) Multi-disciplinary analysis.

(c) Several familiea of materials and composites competing for

the same application.
(d) Simultaneous impact in several areas.

AR ¥

({e#) Rapid changes and obsolescence.
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This characterisation =should go beyond +the traditional
conception of materials research being a part of mechesnical and
chemical engineering departmentse of universgities. The recognition
has now come for the need to braing together specialists in
different disciplines to deal with technological developmente in
newv materials.

Assuming that +the necessary scientific facilities and
equipment and general infrastructure are provided, the R & D
centres should develop the capacity to (Williams, 1988)

(a) Advise 1in the acquisition of technologies related to new
materials.

{b) Decide among different options for the same application.

(c) Innovate existing technolaogies.

{d) Generate nev materials by relating desired properties with

> posegible structures arising from different formulatians and

Lo
’

ﬁroceasing conditions.

The chellenges which have been enumerated above involve the joint
[
Y ke AR e
SN kg %%tﬁd% by.mﬂuvepnmgn¢Hanq%ﬁ;%mmﬁﬁatgq 1ﬁﬁF1}utiona to promote
(i : LR SR ! [ oo r)}\“,,ﬁl\{'?!{",” ey e e

harmonious co-operation and collaboration 1n¢lud1ng the poolihg

of human resourceg and equipment facilities utiligation.

196



19. : REFERENCES

fahn, F.M., 1970. West African Soils. 3rd Edition, Oxford
University Press, London, 332pp.

Aitchison, G.D., 1953. Soil morpgology and foundation engineer-—
ing. Proc. Intern. Conf. Soil PMech. Found. Eng., 3rd,
Zurich, Vol.l, pp:3-7.

Aitchison, G.D., 1972. Froblems of soil mechanics and construc—
tion on soft clays and structurally unstable soils.
Froc. Intern. Conf. Soil Mech. Found. Eng., 8th,
Moscow, Vol1.3, pp:161-190.

Aitchison, G.D., 1973. Twenty-five years of application of soil
survey principles in the practice of foundation
engineering. Geoderma, 10: 99-112.

Alcock, A.E.S., 1358. Hetter earth building in the tropics.
Corona, Eckistis, Vol.5, MNo.30, pp: 108-109.

American Society for Testing and Materials (ASTM), 1958. Wetting
and drying tests for compacted soil-cement mixtures.
ASTH Designation: D.55%9-57, ASTH Standards,
Fhiladelphia, Fart 4, pp:1176-1181.

Amoa—-Mensah, Koy 12848, Construction Cost Information: An
evaluation of construction cost data situation in Ghana
today. Faper presented at Quantity Surveying Division
(Ghana) Workshop on "Trends din  Quantity Surveying
FPractice in Ghana”, Building & Road Res. Institute,

Kumasi, Ghana, 15pp. (unpublished).

197




Amonoo—-Meizer, K. and Owusu-Siaw, M.E., 1373. Froduction of
bricks by hand moulding techniques. B.R.R. 1., Kumasi,
Special Reports; 19pp.

Qnon; 1985. . Earth construction technologies appropriate to
developing countries. Froc. Intern. Colloquium,
Brussels, Dec. 10-12, 19843 423pp.

Anonymous, 1958, Waterproof renderings of mud walls. National

b Euilding Organisation (NRO), New Delhi {(unpublished).

Anonymous (Undated). Low cost self-help housing, 6TZ, Germany,
152pp. (unpublished).

Ayetey, J.K., 1977. Clays and their evaluation for brick
manufacture. HRuilding & Road Res. Institute, Kumasi,
Current Faper No.l1l1l, 22pp.

Ayetey, J.K. and Goyo, J.0., 1973. Lime production fram typical

. | ‘ éarbonate deposits in Ghana, Building & Road Research

PRIt
; o

IRstitute, Spesial Report 8R/3,{Kumasi, 82pp.

ﬁwulanandau; K. and Tunbridge, Rid., 1969, The performance of

Lttt I ) soil~cement roads in Ghana., Spep., Sess., Lateritic
.nydmwmmmmmm; thuuw xpld«!MhWb’m I :Htl wlauuum’ r - "“"l‘“’““‘l‘"‘ ¥ 'l‘l A M!I,Lum gy gumm»wuhwuumumw-m.:-:
i o Soilg. kFroc. =rn.. dn Sokl Mech. Fqund._&ng., 7th,

équi_d.‘Vql;ﬁ;‘161~L9o.

k-;_ *uﬁg%idhﬂ.;‘ﬁ;b.ffnﬁd Saffa.‘ Q;g,‘é 19gjéf“é

ﬁmuiaﬁaﬂdaﬂggz
l;&ekﬁniﬁgl Eéppw@gch bﬂ tha e@txmation of moigtuwa

ﬁﬁﬁﬂiﬁiwﬂﬁ WHARE el uaxﬁmuuth TH ﬁﬁ§§§:;éﬁ§ﬁ§ éé“@ﬂﬁ{

af Geien, Yaled, Mo« 99:66~?&.

Albehison, G.0.  and Riehard, BuG.y 1986, A beasd s&ais bhuds &7

oy sy e (b_\‘., i g il ER T
e e BHR PR FRHHEBERY

AUBEPalia. Fanss duwwe  dn iNMiBNES  BuREOREYE SO0



Moisture Changes in soils RBeneath covered Areas’?, G.D.
Aitchison ed. (Butterworths:Aust.), pp:1840-232.

Aitchison, G.D. and Grant, K., 1967. A preliminary appraisal of
the engineering significance of silcretes in Australia.
Froc. Reg. Conf. Africa Soil Mech. Found. Eng., 4th,
Cape Town, Vol.l; pp:353-56.

Amoa-Mensah, Key 1989. Management Improvement Manual for Small-
Scale Construction firms in Ghana. Building & FRoad
Research Institute (BRKRI), Kumasi, Report SR/18, 166pp.

Arulanandan, K. and ERbhatia, H.5., 1960. The formation and
engineering properties of some Ghanaian soils. Ghana
Road Res. Mote, Fublic Works Dept., ARccra, Sppe.
(unpublished).

Asamoah, G.K., 1966. Soils of a new site for Kesearch Institutes,
Kumasi. So0il Research Institute of Academy of Sciences,
Kumasi, Ghana, 36pp.

Ackroyd, L.W., 1960. Motes on crushing strength of some Western
Migerian concretionary gravels and their selection for
use as building materials. Min. Transp., Ibadan, W
Migeria, Tech. paper 6pp. {unpublished).

Ackroyd, L.W., 1963. The correlation between engineering and
pedological classification systems in UWestern Nigeria
and its implications. fFroc. Reg. Conf. Africa S.M.F.E.,
3rd, Salisbury, Vol.1l, pp:2115-118.

Ackroyd, L.W., 1967. Formation and properties of concretionary
and wnon—-concretionary soils in Western Nigeria. Froc.
Reqg. Conf. Africa S.M.F.E., 4th, Cape Town, Vol. i,

ppza7-52.

199




RETFAT, 1939. Vegetation map of Africa. Oxford University Fress,
l.ondon.

Afele, L.K., 1976. Housing finmancing in rural Ghawna. Euilding and
Road Res. Institute, Kumasi, Ghana, 10pp.

Afele, L.K., 1986. Mutually guaranteed, quasi-barter mortgage
financing mechanism for the homeless. Froc. CIEk
Congress, Sept., 1986, Washington, Vol.%, pp:1785-1733.

Alinmusuruw, J.0. and Adebayo, 1.0., 1981. Fibre-reinforced earth
blocks. ASCE Construction Journal, Vol.107, HMNo. CO3,
PP2487-496.

ARlexander, L.T. and Cady, J.0O., 1962. Genesis and hardening of
laterite 1in soils. US Dept. Agric., Tech. EBulletin
1252, 90pp-

Atterbery, RA. 1911. Uber die physikalische Hodenuntersuchung und

) uber die plastizitat der Tone. Int.Mitt. Hodenk; 1:10-
43.

Bawa, N.S. and Eartel-Konacka, E.T., 1964. Froduction and use of
building lime in Ghana. Building & Roaé Res. Institute,
Kumasi, Mote MNo.?77; 3&pp.

Bawa, N.S., 196%5. Use of hydraulic lime in building construction.
Froc. 3rd Congress of the CIR, Copenhagen. Towards
Industrialised Euilding. Group G: Materials
Development; 6&pp.

Rawa, N.S. and Abankwa, M., 1974. Ménual on building materials in

Ghanas: Their availability and use. Building & Road KRes.

Iinstitute, Kumasi. Technical Faper &, 133pp.

200



Rawa, M.S. and Hornsby-—-0doi, A.G., 1965. Water-proof plasters for
mudwalls for rural housing. Building & Road Research
Institute, Kumasi, Ghana, Research pMote Mo.19, 22pp.

Bawa, M.S. and Gidigasu, MaDay 1965. Cement stabilised Ghanaian
s0ils as potential low-cost building materials (Revised
1965 wversion). Building & Road Research Institute,
Kumasi, Ghana, 18pp.

Bates, D.A., 19¢62. Geology of Ghana. In: J.B. Wills (editor) .
Agriculture and land use in Ghana. Oxford University
Fress, London, pp:88-126.

Beck, J., 1971. Design and construction of modified traditional
Atakpame houses. Dept. of Flanning & Housing Research,
Univ. Sci. Tech., Kumasi, Ghana, 18pp.

Brandy, NMN.C. 1974. The wnature and properties of soils. MacHMillan
Fublishing Co. Inc., Mew York, 8th edition, 639pp.

Bhatia, H.S. and Hammond, A.A., 1970. Durability and strength
properties of lateritic aggrepgates of Ghana. Building &
Road Res. Institute (BRRI), Project Report, SM.9; 15pp.

Brammer, H., 1962. Ghana soils. In: J.B. Wills (editor).
Agriculture and land use in Ghana. Oxford University
Fress, l.ondon, pp:88-126.

British Standards Institution, 1975. mMethods of testing soil for
civil engineering purposes. Reit. Std., 1377: 143pp.

Buchanan, F., 1807. A journey from PMadras through the countries
of Mysore, Canara and PMalabar, 2nd East Indian Company,
L.ondon, 143pp.

Building and Road Research Institute (Ghana) and Lyon Associates

Inc., usa) , 1971. Laterite and lateritic soils and

201

s A




other problem soils of Africa. U.S. Agency for
International Development, Froject MNo. AID/CSD-2164,
28%pp.

Euilding and Road Research Institute (ERR1), 1974a. Actions to
achieve cost reduction in public construction sector.
Housing Frogramme. HBuilding & FRoad FRes. Institute,
‘umasi, Ohana, 35Spp.

BEuilding and HKoad Research Institute (BRRI), 1974b. Actions to
achieve cost reduction in public construction sector,
Vol.4, Construction Materials Manufacture. Euilding and
Road Research Institute, Kumasi, Ghana, 82pp.

Building and Road HResearch Institute (ERRI), 1976. External
rendered finishes, Euilding Digest 196, Garston,
Britain.

Buiiding and RKoad Research Institute (BRRI), 1977. A feasibility
study of manufacture of Fortland cement 1in HNorthern
Ghana. Euilding & Road Res. Institute, Special Report,
27pp.

EBulman, J.N., 1972. So0il stabilisation in Africa. Froc. Conf.
African Highway, 2nd Rabat, Morocco.

Eunting, RB.T., 196%5. The geography of soils. Aldine Fubl. Co.,
Chicago, lst edition, 313pp.

Eampo-Addo, A., Raman, K.V. and Mortland, M.PM., 1968. Clay
mineral status of some major soil series in Ghana. Soil
Sci.y, VO1.107, HNo.2, pp:1i19-125.

Karelli, N. and Mellios, C.H., 1985, Soil-lime reactions: A

comparison study between two Krazilian red soils. Froc.

Intern. Conf. on Geomechanics in Tropical Lateritic and

202



Saprolitic soils. 1lst, Brasilia (11-14 February, 1985,
Uol.2, pp:271-281.

Eaver, L.D., Gadner, W.H. and Gadner, W.R., 1972. So0il physics.
John Wiley & Sons, 4th edition, NMew York, 498pp.

Ehatia, H.S5., Gidigasu, M.D., and Hornsby-0doi, A.G., 1370.
Importance of soil profile in the engineering studies
of laterite soils in Ghana. Building & Road Research
Institute, Kumasi, Ghana, Froject Report SrM.8: l4pp.

BErand, E.W. and Phillipson, 1985. Sampling and testing of
residual soils. A review of international practice.
Scorpion Fress, Hong Kong, 1%94pp.

Building and Road Research Institute {BRRI), 1964-13813.
Institutional Communication.

Eulman, J.N., 1964. The engineering properties of three micaceous
soils from Ghana. Erit. Road Res. Lab., NMote 539, 13pp
(unpublished).

Casagrande, A., 13248. Clagsification and identification of soils.
Transactions, Am. Soc. Civ. Engrs., Vol.113 (with
discussions) pp:201-991.

Cartnel, H.S.and Berch, AR.0., 1958. lLime stabilisation of soils
for use in road foundations in Northern Rhodesia. Dept.
of Sci. and Ind. Res. (U.K.), Road Res. l.ab., Overseas
Eull. No.93.

Central Bureau of Statistics (Ghana), 1384. Population census of
Ghana. Central Bureau of Statistics, Accra, Ghana,

11l4pp.

203




Chatterjee, A.K., 1975. Use of agricultural and industrial wastes
in construction of low-cost houses. Building & Road
Res. Institute, Kumasi, Ghana, Current Paper 17, 3lpp.

Civil Engineering Codes of Practice Joint Committee, 1954.
Foundations. Institution of Civil Engineers, Civil
Engineering Code of Fractice MNo.4, London.

Coad, J.R., 1979. Lime-stabilised so0il building blocks. Building
Research and Fractice, Faris, March/April, pp:80-89.

Coleman, J.D., 1965. The mesurement of colour in relation tothe
structural analysis of soil. Froc. Intern. Conf.
S.M.F.E., &6th, Montreal, Vol.l, pp:26-30.

Coleman, J.D., Farrar, D.M. and Marsh, A.D., 1964. The moisture
characteristics, composition and structural analysis
of red clay from Hyeri, Kenya. Geotechnique, 14(3): 263

Coleman, J.A., 1974. Labour resources of Ghana. Faper presented
at the conference on "Achievement of Cost Reducation in
Fublic Construction®, June, 1974, Euilding & Road Res.
Institute, Kumasij; 13pp. (unpublished).

Clarke, G.R., 1957. The study of the so0il in the field. Clarendon
press, Oxford, 4th edition, 204pp.

Clare, K.A. and Cruchley, AR.E., 1957; Laboratory experiments in
stabilisation of clays with hydrated lime. Geotechnique
Vol.7: 97-111.

Clerk, M.T., 1974. Management training for engineers and techno-
logists in the construction industry. paper presented
at the Conference on'Achievement of Cost Reducation in
Public Construction, June, 1974. Ruilding & Road Res.

Institute, Kumasi, 12pp. {(unpublished).

204

»x!



Cooper, G.G., 1936. The bauxites of the Gold Coast. Geol. Survey
Dept., Ghana, Bull.?7, 33pp.

Cross, A.H.E., 1373. Ceramic laboratory: Some regional clays of
Ghana. Industrial Research Institute, Accra (Special
Report): Sipp.

Cross, A.H.E., 1974. Clay refractories for Ghanaian industry.
Industrial Researchllnstitute, Accra (Special Report),
22p.

Croft, J.R., 1964. The processes involved in the lime stabilisa-
tion of soils. Froc. ARRB Conf. 2(2), pp.1169-1204,

Casagrande, A., 1932. Research on the Atterberg limits on soils.
Fublic Roads, 13:121-130.

Castro, de., 1969. A swelling test for the study of 1lateritic
soils. Spec. Sess. Lateritic soils; Proc. Intern. Conf.
$0il Mech. Found. Ewng., 7th, Mexico, Vol.l, pp:397-106.

Commonwealth Science Council (CSCY, 198%5. Local raw materials for

housing construction -~ Africa. Commonwealth Science
Council, Technical Fublications Series Mo.218,
Commonwealth Science Council, National Research

Council, Uganda, 292pp.

Commonuwealth Science Council (€CSC), 1985. Local raw materials for
housing construction in Africa. Commonwealth Science
Council Technical Fublication Series HMNo.218, LLondon,
292pp-

Cook, J.R. and HNewill, D., 1388. The field description and
identification of +tropical residual soils. Froc.
Intern. Conf. Geomechanics in tropical soils,

Singapore, Vol.1, pp:3-10.

205

p—




Craterre {(Doat et al.), 1979. Construire en terre, Edition
Alternatives, HMontmartie, Collection Auw Architecture,
Faris, 287pp.

Craterre (Doat, Fray Hays, A., Houben, H., Matuk, S. and Vitoux,
Fay 1979). Construction en terre, Edition Alternatives.
Collection au Architexture, . Craterre, Villafontaine,
France, 287pp.

Craterre, 1989. Traite de construction en terre. L’encyclopedie
de la construction en terre, Vol. 1, Editions
Farantheses, Craterre, Centre Simone Sigmoret, Ville
Fontaine, France, 35%pp.

Dansou, F.A., i972. lLa terre stabilise: Materiaux pour 1la
construction des maisons. Centre de la construction et
du Logement a Cacavelli, lLome (Togo), 45Spp.

Datta, K.l. and Dove, D.HM. (undated). Development of walling
techniques for low-cost and rural housing. EBuilding and
Road Res. Institute, Kumasi, 20pp.

Dawson, R.F., 19583. HMovement of small houses on expansive clay
soil. Froc. Intern. Conf. S.M.F.E., 3rd, Zurich, Vol.1,
pp:346-357.

Dawson, R.F., 1956, Special factofs in lime stabilisation,
chemical and mechanical stabilisation. HRE Rull., 12%9pp

DPe Graft—-Johnson, J.W.5., KEhatia, H.S. and Gidigasu, M.D., 1969.
Engineering characteristics of the laterite gravels of
Ghana. Froc. Spec. Session, Lateritic soils, vII,
I1CSMFE, Mexico, pp21l7--128.

De Graft—-Johnson, J.W.5., Ehatia, H.S. and Hammond, A.A., 1972.

lLLaterite gravel evaluation for road construction. Jo

206



Soil Mech. Found. Div., Am. Soc. Civil Engrs., 98
(SM11), pp:l12453-126%5.

De Graft-Johwnson, J.W.8., Bhatia, H.S. and Gidigasu, M.D., 1967.
The consolidation and swell characteristics of Accra
mottled clays. FProc. Asian Repq. Conf. S.M.F.E., 3rd,
Haifa, Israel, Vol.l, pp:75-80.

De Graft—Johnson, J.W.5., Bhatia, H.S. and Gidigasu, M.D., 1968.
Engineering characterisation of lateritic residual clay
of Ghana for earthdam construction. Froc. Symposium on
Rock and Earthfill Dam, Mew Delhi, India, Vol.l, pp:94-
107.

De Graft—-Johnson, J.W.5., Bhatia, H.S. and Gidigasu, M.D., 1969.
The strength characteristiecs of residual micaceous
soi1ls and their application to stability problems:
Proceedings, Intern. Conf. S.M.F.E., 7th Mexico, Vol.l,
pp:l6S.

D?Hoore, J.l., 1964. Soil map of Africa: Scale 1 to 5,000,000;
explanatory monograph. Comm. for Tech. Co-op. in
Africaz Publ.93, 205pp.

Department of Rural Housing and Cottage Industries (DRHCI)
(Ghanal), 1988. Personal communications.

Department of Social Welfare and Housing (Ghana), 1948. The
Asawasl Housing Scheme: Building 1in stabilised
laterite, Kumasi. Government Frinting Press, Accra,
23pp.

Diamond, S. and Kinter, E.H®., 1965. Mechanisms of soil-lime

stabilization. Highway Res. Roard, Record 92:83-93.

’ 207




Donaldson, G.W., 1962. Foundation problems experienced in Africa.
The CCTA Inter—-African Housing Secretariat, Fubl.8il,
17pp-

Dowling, J.W.F., 1966. The occurrence of laterites in Horthern
Nigeria and +their appearance in aerial photographs.
Eng. Geol. 1(3), pp:22i-£233.

Duncan, M., 1970. Engineering neology and rock mechanics. Leonard
Hill Publishers, London, Vol.1l, 252pp.

Dunstan, I., 1987. Building materials standardisation: Materials
and structures. Chapman and Hall, London, Vol.20,
No.116, pp:83-84.

Dreyfus, J., 1952. LLaterites. Rev. Ge. Routes Aerodromes,
22(245): 88-100.

bDudley, J.H., 1970. Review of collapsible soils. Journal Soil
Mech. Found. Div., A.S.C.E., V0l.926, No.SM3, pp:925-947

Dumbleton, M.J., 1963. The clay minevalogy of some soils from
Northern Horneo considered in relation to their origin
and their properties as road making materials. Berit.
Road Res. Lab., HNote 282, 18pp. (unpublished).

Emerson, W.W., 1987. A classification of soil aggregates based on
their cobherence in water. Aust. J. S0il Res. Vol. S,
PpP:47-57.

Farrow, J.E., 1975. Alternative housing policies for Ghanaian
cities. Building & Road Res. Institute, Kumasi, Current
Report 9, 27pp.

Fathy, Hanan, 1380. Architecture for the poor. Architectural

Record, pp(39).

208



Fermor, L.bl., i911. What is laterite? Geol. HMag. 5(8):2:453-452;3

507-5163 559-566.

4]

Fitzmaurice, Ry 1958. Manual on stabilised soil for housing
construction. United Nations, New York, 12%5pp.

Fuller, W.E. and Thompson, S.E., 1307. The laws of proportioning
concrete. Transactions of the fAmerican Sociéty of Civil
Engineers, 59, pp:67-143; Discussions 144-172.

French Agency for Energy Management (Flan Construction), 1987.
Raw earth construction: The French egquipment, Craterre,
Genoble, 81pp.

Ghana Government, 1977. An official handbook: Information
Services Department, Accra, Ghana: S41pp.

Gogo, J.0a, 1974. Production and marketing potential of lime in
Ghana. gAU-Inter—-African Symposium on Euilding
Materials, Design and Construction, Cairo, Egypt.
Euilding & Road Res. Institute (BRRI), Kumasi, Ghana,
30pp-

Gogo, J.0., 1930. Geological and geotechnical evaluation of
latosols from Ghana, and their 1improvement for
construction. Fh.D Thesis, Vrije Universiteit Erussel,
Brussels, 209pp. (unpublished thesis).

German Appropriate Technology Exchange (GATE) {(Undated). lLow cost
self-help hpusing. Eschborn, 1%2pp.

GATE (Undated). Low cost self-help housing. Techniques for Low-
cost self—-help housing, West Germany, 131ipp.

Ghana Education Service, Ministry of Education, Technical

Division, 1989. PFersonal communications.

209




Gibbs, H.J. and Holtz, W.G., 195%6. Engineering properties of
expansive clays. Transactions, Am.Soc. Civ. Engrs..,
Vol.121, ppz&4l-663.

Gillot, J.E., 1968. Clay in engineering geology. Elsevier,
Amsterdam, 296pp.

Government of the Republic of Zaire, UNESCQO, UNCHS <(Habitat),
CERTF, 1987. Seminar on Housing for +the greatest
number. Intern. Year of Shelter for the Homeless,
Kinshasa, Zaire, Nov. 20-Dec. 3rd, 1987., 279pp.

Government of HRelgium and United Mations Centre for Human Settle—
ments (UNCHS-Habitat), 1984. Froc. Symposium on Earth
Construction Technolopgies Appropriate to Developing
Countries, Brussels, 423pp.

Grant, K.A. and Aitchison, G.D., 1970. Engineering significance
of silcrete and ferricrete in fAustralia. Eng. Geol.,
Amsterdam, Vol.4, No.3, pp:93-120.

Grant, K.A., 1974. LLaterites, ferricretes, bauxites and
silcretes. Froc. 2nd Intern. Cong. Assoc. Eng. Geol.,
Vol.4, pp:31.1-31.8.

Gidigasu, M.D., 1371a. Farameters for classification of fine-
grained laterite soils of Ghana. Highway Res. Roard,
Washington D.C., Record 374, pp:i7-79.

Gidigasu, M.D., 1971b. Importance of so0il genesis in the
engineering classification of Ghana soils. Eng. Geol.,
Amsterdam, Vol.5, pp:2117-161.

Gidigasu, M.D., i97ic. A contribution to the study of physico-

chemical implications of +tropical weathering and

210



Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

laterisation: Geotechnical Engineering, Bangkok, Vol.Z,
NMo.2, pp:1i31-149.

MaDa,y 1972. Mode of formation and geotechnical
characteristics of laterite materials of Ghana in
relation to soil-forming factors. Eng. Geol.,
Amsterdam, Vol.& Mo.2, pp:79-150.

M.D.a and Yeboa, Seblay 1972. The significance of pre-
testinyg preparations in evaluating index properties of
laterite materials: Highway Research Roard, Washington
D.C., Record 403, pp:103-116.

M.D., 1974. Some problems relating to identification of
laterite soils for engineering purposes. Ghana
Engineer, Vol.95, Ho.2, 197435 pp:23-42.

M.D, 1974. Degree of weathering in the identification
of laterite materials for engineering purposes.
Engineering Geology, Amsterdam, Vol.8, pp:213-266.
M.Da, 1977. Foundation and design of structures on
expansive clay soils. Ghana Engineer, Vol.8, Acera,
pp:99-130.

M.Da, 1985. Shallow foundations in problem soils of
Ghana. Building Research and Practice, Faris,
Vol.13(3), 198%5, pp:133-160.

MeD. 1986. Building materials of tomorrow - A clue to
Africa’s housing problems. Indutech, Journal Min. of
Industries, Science & Technology, Vol.l, pp:i20o-161.
M.D. and 0Ocloo, JaKay 1986. Fotential wuse of
industrially produced timber building components for

low—-cost housing in Ghana. Intern. Inl. Housing Science

211




Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

and 1its applications. Miami, U.S.A., Vol.10, Ho.3,
pp:221-240.

M.Du, 1388. Capacity bui;ding for materials technolony
and development; experiences and case studies: Ghana.
Advanced Technology Alert System (ATAS), United Mations
Centre for Science and Technoloygy fTor Development, New
York, Bulletin &, pp:110-114.

M.Day 1976. Rook: Laterite soil engineering. Elsevier,
fimeterdam, SS4pp.

MaDay, Hammond, A.A. and Gogo, JaKay {(Technical
Editors), 1980. Froceedings, Regional Conference,
Africa S.M.F.E., 7th: Ralkema Rotterdam - Accra, Vol.a,
pp:883.

M.D., 1985. Sampling and testing of residual soils in

Ghanas: In E.U. Rrand and H.ERE. Fhilipson {(editors) -

Sampling and testing of residual soils - a review of
international practice, Scorpion Fress, Hong HKong,
pp:&S—~74.

M.D. and Rhatia, Ho Sy i971. The importance of soil
profiles in the enpineering studies of laterite soils.
Froc. Reg. Conf., erica, S.M.F.E., Sth, Luanda,
Angola, Vol.l, pp:82-53 to 2-60.

M.D. and Rani, S.K., 1973. Geotechnical characteristics
of troublesome laterite materials. Froc. Intern. Conf.
S.M.F.E.

M.D., 1377. Identification of a bauxite-waste for

engineering purposes. Specialty Session on 'Geotech-—

nical Engineering and Environmental Control'. Froc.

212

+3



Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigastu,

Gidigasu,

Intern. Conf. S.M.F.E., 9th, Tokyo, Vol.l VU/5, pp:3035-
318.

MaDay 1980a. Some problems relating to compaction
control of problem soils. PFroc., Hey. Conf. Africa
S.M.F.E., 7th, fAccra, Vol.2, pp:785-796.

M.D., 1980b. Foundation on problem soils. General
Report. Proc. Regional Conf. Africa 8S.M.F.E., 7th,
Acera, Vol.2, ppsé89-703.

M.D.y 1980c. Variability of particle size distribution
of a red mud with different pretest preparation
methods. Proc. Regional Conf. Africa S.M.F.E., 7th,
ficera, Vol.1, pp:171-178.

M.D., 1970d. Variability of geotechwnical properties of
subgrade soils in a residual profile over phyllite.
Hroc.  Regional Conf. Africa S.iM.F.E., 7th, Accra,
Vol.1l, pp:95—-104.

M.D., 1970e. Some contributions to tropical soils
engineering in Ghana. "Special Lecture": Froc. Repgional
Conf. Africa S.M.F.E., 7th Accra, Vol.2, pp:308-626.
M.Duy 19807F. Notes on the potential use of crushed
laterite rock for concrete aggrepgates. FProc. Reg. Conf.
Africa S.M.F.E., 7th, Accra, Vol.l, pp:467—-477.

M.D. and Andoh, M-R., 1980. HEroad regional evaluation
of expansive soil conditions for shallow foundations in
Ghana. Froc. Reyg. Conf. Africa S.M.F.E., 7th, Accra,
Vol.1l, pp:235-231.

M.D. and Appeagyei, E., 1980. Geotechnical evaluation

of natural and treated black cotton clay for possible

213




Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

use for low-cost pavement. PFroc. Repg. Conf. Africa
S.M.F.E., 7th, ficcra, Vol.l, pp:363-373.

M.Du and Dogbey, J.L.K., 1980a. Importance of strength
criterion 1in selecting some residual gravels for
pavement construction. Froc. Reg. Conf. Africa
S.M.F.E., 7th, Rceray, Vol.l, pp:z317-330.

M.D. and Dogbey, J.L.K., 13980b. Geotechnical charac—
terisation of lateritised decomposed rocks for pavement
construction in a dry semi-humid environment. Hroc.
South-East fAsian Rey. Conf. on Soil Engineering, 6th,
Tapei, Taiwan, pp: #£93-506.

M.D. and Gogo, J.0., 1980. Engineering geology and
geotechnics of weathered Accra shales. Froc. Reg. Conf.
Africa S.M.F.E., 7th, Accra, VYol.2, pp:741-756.

M.D. and Mate-Korley, E., 13960. Highway pgeotechnical
characterisation of residual micaceous soils over
granite. Froc. Reg. Conf. Africa S.M.F.E., 7th, Accra,
Vol.2, pp:831-844.

M.D. and Appeagyei, E. 1984, Shallow foundation
conditions in tropical residual soils in  relation to
the environment. Froc. Reg. Conf. Africa S.M.F.E., 8th,
Harare, Zimbabwe, Vol.l, pp:135-201.

M.D. and Asamoa-Roadu, A., 1984. Ghana’s experience 1in
trying to provide low cost houses for the people. Froc.
Intern. Conf. on Low Cost Housing for Developing
Countries - Roorkee, India, Vol.IiI, pp:861~870.

M.D. and Akrofi, S.K., 1984. Research needs and

priorities fTor housing and construction activities in

214



Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Ghana. Paper presented at Intern. Seminar on Hesearch
Meeds and Friorities for Housing and Construction
Activities in Developing Countries. University of Lund,
Sweden, LCHS/Section V., pp.l4.

M.D. and Asamoa—-HBoadu, A., 1986. Twenty-five years of
research and practice on low cost housing in  Ghana.
Froc. of 10th Triennial CIf Congress, 2list—-26th
September, Washington D.C., Vol.5, pp:1847-1855.

M.D., 1987a. Development strategies for achieving self-
sufficiency in housing in Ghana. Froc. Seminar on
"Housing for the greatest number'. International Year
of Shelter for the Homeless", organised by UMESCO and
UNMCHS (Habitat), Mowv. 30-Dec. 3, Kinshasa, Zaire,
pp:l174-208.

MeDa., 1987b. Multi-disciplinary approach to development
of shallow foundation engineering practice for problem
tropical and residual soils (Special Lecture). Froc.
Reg. Conf. Africa S.M.F.E., 9th, Lagos, Vol.2, pp: &75-
701.

MeDa, 1987c. Foundation and design practice for light
buildings on expansive soils in developing countries: A
Review. Froc. Reg. Conf. Africa S.M.F.E., 9th, Lagos,
Vol.l, pp:609-6R28.

M.D. and Andoh, M.R. 1i987. Shallow foundation engineer-—
ing practice in problem soils in  Ghana. Froc. Reg.
Conf. Africa S.M.F.E., 9th, Lagos, Vol.2, pp:8&9-881.
M.D. and Kuma, D.O.K., 1987. Engineering significance

of lateritisation and profile development processes.

215




Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Froc. Feg. Conf. Africa S.M.F.E., 9th, Lagos, Vol.l,
pp:3-20.
M.D., 1988. Mational Commitment: A hkey factor in

evolving and promoting national economic development in

Third World countries - A case study of Ghana’s
proposed rural housing strategy. Froc. Intern. Seminar
organised by WAITKO on "Technological Ivwnmovations” in

Trinidad and Tobago, 26-30th Sept., pp:43-56.

M.D., 19588. Fotential application of engineering
pedology in shallow fToundation engineering of tropical
residual soils. Froc. Intern. Conf. on Geomechanics in
Tropical Soils, 2nd, 12-14 December, Singapore, Vol.1l,
pp:l7-24.

M.D., 1988. General Report: Froc. Intern. Conf. on
Geomechanics in tropical soils, and, Singapore, Vol.2,
pp:495-513.

M.D., 1965, Use of stabilised soil as building
material. Faper presented at the Sth Annual Symposium
of the Ghana Academy of Sciences, on "The Development
of Ghana’s Matural Resources', ARccra, 18pp.
(Unpublished).

M.D., 1968. Foundations on expansive soils (Literature
Review). Ruilding and Road Res. Institute (BRRI),
Technical Faper NMo.23, Kumasi, Ghana, pp.&6.

M.D., 1970a. The engineering characteristics of
laterite soils (Literature KReview), RKRI PFroject Report

S.M.7, Kumasi, Ghana, pp.3il.

216

3



Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

1970b. The effect of pretreatment on the compaction
characteristics of laterite soils. BRRI Froject Report
SM.6, Kumasi, Ghana, pp.i2.

M.D., 1971. Approach to the identification and classi-
fication of +tropical s0ils for highway engineering
purposes. R paper presented att a Workshop on African
problem soils i1in pavement construction. Sponsored by
UsAID in Nairobi, Kenya Unpublished).

M.Du, 197i. The application of pedological information
in the engineering classification of Ghana soils. Faper
presented at the 7th Annual Conference of the Soil
Science Society of Ghana, Mov. 24-27th, Kwadasoy
Kumasi, pp:éd (Unpublished).

M.D., 1975, The formation and general characteristics
of laterites and lateritic soils. (Literature Review),
BRRI Project Report SM.2 (revised edition), Kumasi,
pp:46 + 4 tables, 24 figures.

M.D. and Mate-Korley, Ea, 1982. Stabilisation
characteristics of selected Ghanaian soils. EBRRI
Special Report Tor GHA/World Bank, Kumasi, ppsl4, 80
figures, 53 references.

M.D., 1984, Building and Road Research in the develop-
ment of Ghana. Proc. of Special Lectures presented at
the Symposium organised by the Council for Scientific
and Industrial Research (CS8IR) on its Silver Jubilee
Celebrations 14-16th Feb., Accra, Ghana, pp:le5-140.
M.D., 1987a. Soils and soil-based materials with

potential durability for low cost housing in  Ghana.

217




Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Gidigasu,

Special Report prepared for the Commonwealth Science
Council (CSCH, Building & Road Res. Institute, Ghana,
ppsl9-126.

MuDuy i987. Expansive soils in foundation engineering
in building practice relevant to developing countries.
A special report prepared for the International Council
for Building Research Studies and Documentation (CIR):
Ruilding and Road Res. Institute, Kumasi, Ghana, pp:sii®d
MaD.y 1988. Characterisation of a typical lateritic
loamy clay for the production of adobe and local lime
stabilised walling blocks. Iy (J.K. Ocloo editor):
Some local raw materials for low cost housing iv Ghana.
Special Report prepared for The Commonwealthh Science
Council (CSCY 5 ERRI, Kumasi, pp:l—48 (restricted
report).

M.D., 1389. Strengthening existing infrastructure for
local building materials development. Faper presented
at a Workshop, U.S5.T., to celebrate the International
Year of Shelter for the Homeless (ILIYSH), Kumasi, Ghana,
22-26th Feb., (under publication).

M.aD.u, 19849, Improved laterite materials walling

technology 1in  Ghana. Inception and First Technical

Report prepared for the International Develapment
Research Centre (IDROE) "Laterite Housing" Froject,
Centre File: J3-p-88-01532 - EBRRI, Kumasi, ppagaSa +

appendices (Restricted report, unpublished).
MaDay 1991. Improving laterite materials walling

technologies in Ghana. Second Technical Report, IDRC

218



"Laterite Housing” Froject, Centre File: 3-p-88-0152 -
BRRI, Kumasi, pp:354 (Restricted Report, unpublished).
Goka, A.M., i388. Case study of the burnt brick industry in

Ghana. Council for Sci. & Indust. Res., Accra, Ghana,

Elpp.
Grant, K. and Finlayson, R.A., 1978. The assessment and
evaluation of pgeobtechnical resources in  uwrban or

regional developments. Eng. Geol., Amsterdam, Vol.1l2,
pp:E19-293.

Hammond, A.A., 1981. Durability of bauxite-waste pozzolana cement
concrete. Amer. Soc. Test. Mat., Special Technical

. FPubl. 691, Philadelphia, pp:346-356.

HammoSd, A.A., 1984a. Foundations for earth buildings in  the
tropics. Building Research and Fractice
(January/February), VYol.l2, pp:30-36.

Hammond, A.A., 1984b. Acceptability of earth as building
materials for housing in Ghana. FProc. Collog. on "Earth
construction technologies appropriate to developing
countries'", 10-12 Dec., 1984, Brussels, pp:170-17G.,

Hammond, R.A., 19588. Technical recommendations on standards and
specifications for production and use of stabilised
s0il blocks in Ghana. Rackground paper presented at the
Workshop on Ghana Standards and specifications for
production and use of soil blocks and lime; sponsored
by the Commonwealth Science Council (CSC and the
United MHMations Centre for Human Settlements {UMCHS -

Habitat), Accra, 18-22 July, 1988, 46pp.

219

o, g




Hammond, A.R., 1972. lLateritic soils in rural housing. EBuild
International, Vol.3(3), pp:lc3-166.
Hamilton, K., 195%. Minerals in the Gold Coast (Ghana) soils.

J.S0il Sci., Yol.6,

Hamilton, K., 1964, Microscopic

In: Jungerius (editor)

Amsterdam, pp:269-278.

Heiman, J.l., 1967. Footings for

Commonwealth Ruilding

Technical Stud Mo« 44
bl 9

Holtz, W.G. and Gibbs, H.J., 1

expansive clays. Froc.

pp:l-28.

Heoltz, W.G. and Gibbs, HoJ., 1

problems of the arid Western United States.

of Reclamation, Denver,

Houben, G., Guillaud, H., Michel

Traite de construction

construction en terre,

Sigmoret, Villefontaine,

Highway Research Kecord, 1973.

mechanisms, prevention

No.13%, 1l4lpp.
Hirashima, K.BR., 1948. Highway
volcanic clay. Froc. Hig
494,
Hondros, E.D., i988. (Overview:

Vol.5, UNCSTD., United

220

M

pp:3ia2-318.

studies of laterite formation.

S0il micromorphology, Elsevier,

problem soils. Dept. of UWorks

4

Station, Sydney, Australiag

Pp.39.

954 . Engineering properties of

ASCE, Seporate, Mo.316, Vol.80,

367 . Recsearch related to soil

U.5. Bureau

Colorado, 31ipp.

Dayre, Fierre-Yves Rard, 1969.

en terre encyclopedie de la

Vol.1l Craterre, Centre Simone
France, 35953pp.

Soil erosion: cauvses and
and control. Special HReport

experiences with thixotropic

hw. Res. Roard, Vol.&8, pp:481-

Materiale: A Perspective, ATASG,

ations, New York.



Iindian Standards Institution, 1961. Specification for soil-cement
blocks used in general building construction. Ind. Std.
Inst., 172% - 1960, hiew Delhi, 10pp.

Ingles, 0.06. and Metcalf, J.B., 1974. 37pp. Butterworth & Co.
(Fublishers) Ltd., London, W.C. 28 6AE, England.

Ingles, 0.06G. and Metcalf. J.B., 1972. SBoil Stabilisation.
Butterworths, PMelbourne, 374pp.

International Co-operative Alliance, 1980. Housing Committee.
Co—-operative Housing. Leutzeallee 107. D-100 Herlin 33.
International Co-operative Alliance, 329pp.

International Council for RBuilding Kesearch Studies and
Documentation (CIR), 1983. Report and Conclusions, 9th
CIR Congress, Stockholm, 342pp.

International Council for Building Research Studies and
Documentation (CIR), 1986. Froc. 10th Trianial Congress
of CIE on Advancing RBuilding Technoloynys; Sub theme:
Shelter for the Homeless in  Developing Countries,
Washington D.C., VYols. 4 & 53 ppell23-1966.

International Council for Building HResearch Studies and
Documentation (CILERD, 1983. Appropriate building
materials for low-cost housing. Proc. SYmp. Mairobi,
Kenya, 7-14 Nov., 1983, 2 vols, 736pp.

International Council for Building Research Studies and
Documentation (CIR) and International Union of Testing
and Research Laboratories for Materials and Structures
(RILEM, » 1983. Appropriate building materials for low
cost housings: African region, £ & F.M. Spon, London, 2

vols, 821pp.

221




International Development Research Centre (IDRC), 1990. Strategic
choices for sub-saharan Africa: Summary of Responses,
32pp.

International Labour Organisation C1L0) and United HNations
Industrial Development Organisation (UNMIDOY, 1987.
Small-scale brick making. International Labour Office,
Geneva, Technical fFlemorandum Mo.6&, 210pp.

Irfan, T.Y., 1988. Fabric variability and index testing of a
granitic saprolite. Froc. Intern. Conf. Geomechanice in
tropical soils, Singapore, VYol.i, pp:as5-35.

Junner, HN.R., 1346. Frogress in neological and mineral
investigations 1in the Gold Coast (Ghanal . Geological
Survey Dept., Accra, Ghana, Rull.lG.

Kesse, G.0., i974. Local materials resources for the production
of construction materials. A paper presented at &
Concerence on "Achievement of Cost KReducation in Fublic
Construction', June, Building & Road Res. Institute,
Kumasi, Ghana, 45pp.

Kesse, G.0O., i98%. The mineral and rock resources of Ghana. A.A.
EBalkema, Rotterdam, The MNetherlands, €20pp.

Kiran, Mubkerji, 198¢6. Soil block presses. German Appropriate
Technoloyy, GATE, Eschborn, 128pp.

Koita, Fodie, i987. Building with earth. Froc. Inter. Seminar on
"Housing for the Greatest Number', International Year
of Shelter for the Homeless, Kinshasa, Zaire, Movember
30th - December 3rd, 1987, pp:l4al-159.

Kubievia, W.l., 1948. Evtwicklungelehtre des Rodens, Springer-—

Verlay, Vienna.

222



Kellog, C.E., 1249. Freliminary sugpestions for the classifica-
tion and nomenclature of great soil groups in  tropical
and equatorial regions. Com. Bureau of Soil Sci., Tech.
Comm. 46, pp:76-83.

Kellog, C.E., 1941. Climate and soil. Year Book of Agriculture,
1941, U.5. Dept. Agric., pp:ace—-291.

Kirkendale, G.R., 197%. A laboratory manual for testing clays for
use in the production of building products. Ruilding &
Road Res. Institute, Kumasi, Ghana, Special Report
No.6, 19pp.

Kirkendale, G.A., 1975%.  Structural clay industry in Ghana
Euilding & Koad Res. Institute, HKumasi, Ghana, 2lpp,

{restricted report).

Laing, T., 19&4. Tropical soils: Characteristics and airphoto
interpretation. Cornell Univ., Rept. AFCRL-&4-937,
1&£3pp.

Loughnan, F.C., i969. Chemical wethering of silicate minerals.
Elsevier, Mew York, N.Y., 1549pp.

Lohnes, K.f., Demirel, Ty Tuncer, Eafiay 1976. Strength and
structure of laterites and lateritic soils. Eng. Res.
Inst., Iowa State University, Ames, lowa, B8%pp.

Lohnes, R.A., Fish, Ko0O. and Demirel, Tuy 1971. Geotechnical
properties of selected Fusrto Rican soils in  relation
to climate and parent rock. Geol. Soc. Am.
Bull.8&2:=:2671-8624.

Lunt, M.G., 13980. Stabilised so0il blocks for building. Brit.
Overseas Ruilding Motes HNo. 184, Garston, Watford,

15pp.

223




Lambe, T.W., i260. The character and identification of expansive
s0ils. Federal Housing Administration, Washington D.C.,
Technical Report, 45pp.

Lambe, T.UW., 196e. Soil stabilisation. Ine (L.Leonards edited),
Foundation Engineering. MeGraw-Hill Rool: Company, HNew
York, pp:351i-437.

Latorexz Drostholm Products A/S di-2950 Vedback, Denmarhk.

l.eadabrand, JeRey Morling, Lo T. and Hurless, A.C., 1957. Soil
series as a basis for determining cement requirements
for soill-cement stabilisation. Highway Res. Roard,
Bull.148, 17p.

Little, A., 1967. Laterite. Froc. fsian Kepg. Conf. Soil Mech.
Found. Eng., 3rd, Haifa, Vol.g, pp:zétl-7il.

Lacroix, RA., i9i3. Les laterites de la Guinee et les produits
d?alteration qui leur sont associe. NMouvelle Arch.
Museum Hist. HNat., &, ppu:eSi-356.

Maignien, R., 1966. Review of research on laterites. Mat.
Resource Res. IV, UNESCO, Paris, 148pp.

Mathur, G.0. (undated). Technology of mud houses ~ state of the
art reporty CIR, UNRHC for ESCAF, New Delhi, 10pp.

Mathur, G.0., 1984, Appropriate technology fTor construction of
earthquake resistant mud-houses. Intern. Symposium on
Earthgqualke Relief in Less Industrialised areas. Zurich,
pprl2%-i3i.

Mathur, G.0., 198%5. Improving earth houses. Ruilding Research and

Fractice May/June, 198%5), Vol.1l3, pp:léEl-165.

224



MeHenry, F.G., 1984, Adobe and rammed earth buildings. John Wiley
and Sons, New York, 217pp.

Ministry of Construction and Communications, i962. Handboolk on
rural housing, villages and peri-—urban development in
Ghana. Ministryof Information, Accra, 63pp.

Ministry of Works and Housing {(Ghana, 1977. Draft report on the
Mational Housing Committee on the development of local
building materials. Ministry of Works and Housing,
Accra, 94pp.

Ministry of Works and Housing (Ghana), iv86a. NMational Housing
Folicy. Report of Mational Committee, Accra, 85pp.

Ministry of Works and Housing (Ghana), 1986&b. Draft Housing
Folicy and Action Flan 1987-1990. Min. of Works and
Housing, August, 1986, Accra, Ghana, 47pp.

Ministry of Finance and Economic Flanwmiang {(Ghana), 19287. PFublic
Investment Frogramme (PFIFY, 1986-88, Vol.1l, Main
Report, PMinistry of Finance & iZconomic Flanning, Accra,
i2ipp.

Ministry of Industries, Science & Technology (Ghana), 1985.
Summary of conclusions of seminar on Mew Technologies
applicable +to Africa Building Materials. Summary of
Seminar sponsored by UNIDO, Accra, Ghana {(unpublished).

Ministries of Economic Flanning, Works and Housing, and
Industries (Ghana), 1976. Report of seminar on the
fovmdlation of a mnational plan of action for the
manufacture and use of bricks and tileg; 23-24 Feb.,

Building & Road KRes. Institute, Kumasi, Ghana, 22pp.

225

pm—




Ministry of Education (Ghana) {(Technical Division), 19848.
Fersonal communications on number of Technical
Institutes and Folytechnics in Ghana.

Mitehell, J.K., 1960. Limestone of Ghana. Geological Survey
Dept., RAccra, Ghana, Rull.z3.

Mitchell, J.K., 1976. Fundamentals of soil behaviour. John Wiley
and Sons, Mew Yorlk, 488pp.

Mitchell, J.K. and Hooper, D.K., 19&l. Influence of time between
mixing and compaction on properties of a lime-

stabilised expansive clay. Highw. Res. BRoard Bull.304;

Muktabhant, C. and Ongskul, 1i960. Stabilisation of lateritic soil
with sand. proc. of the Spec. Session on Eng. Frp. of
Lateritic Soils, 7th, Int. Conft. S.hM.F.E., Mexico,
Vol.i, pp:li5-119.

Massachussetts Institute of Technology (NMNIT), 1952. FProc. Conf.
on soil stabilisation, June, 1952.

Means, R.Ef and Farcher, JeVa, 1963. FPhysical properties of
soils. Constable and Company Limited, London, 464pp.

Mohan, Rai and Jaisingh. M., 198%5. fidvances in Ruilding
materials and construction. Central Building Research
Institute, Koorkee, India, 452pp.

Mills-Tetteh, K., 1985. Rural construction technology at Kainji -~
i case study. Housinp Science, Vol.9, No.2, pp:?21-100.

Metterberg, F., 1971. Calcrete in road construction. HMNational
Institute for Road Research, Fretoria, Rulletin 10,

73pp.

226



Metterberyg, Fuoy, 1375. Self stabilisation of road bases: Facts or
fiction. Froc. Reg. Conf. S.PM.F.E., &th, Durban, Vol.l,
ppzll&-119.

Mwoko, V.0O. and Hammond, A.A., 1378. Fozzolana from bauxite-
waste. Conservation and recycliniga. Fergamon press,
Vol.&, ppz43-47.

Mye, F.H., 19%4. Some soil forming processes in humid tropics. J.
Soil Sci., Vol.&, pp:7-21.

Mye, F.H., 1955. Some soil forming processes in humid tropics. J.
$01il Sci., 6(1): 51-83.

Mixon, J.K. and Skipp, R.A., 19%7. Airfield construction on
overseas solls, Part 5,. Laterite: Part 6, Tropical red
clays. Proc. Inst. Civil Eng., London, Vol.8:253-292.

Manda, R.bL. and Krishnamachari, Ra, 1958, Study of soft aggre-~
gates from different parts of India with a view to
their wse in road construction. 1. Laterites. Central
Road Res. Inst., India, Road Res. Faper 13, 3Zpp.

Mascimento, V., 13359, Laterites af  FPortuguese OvVErsSeas
territories. Mat. Civ. . Lab., Mem. 141
(unpublished).

Mascimento, V., De Castro, E. and Rodrigues, M., 1964, Swelling
and petrification of laterite soil. Mat. Eng. Lab.,
Lisbon, Tech. Faper 213:1%9pp.

Oades, J.ll., 1963. The nature and distribution of iron compounds
in soils. Soils Fertil.26:269-80.

Obeng, H.R., 1970. Cﬁaracterisation and classification of iron
pan soils of Ghana. Fh.D Thesis, Library, fowa SHtate

University, Ames, lowa {(unpublished).

227




Okine, J.5., 1971. Klock Press Handbook for making soil blocks
with "TEK-Block" Press. Dept. of Housing & PPlaning
Research, Univ. of Sci. & Tech., Kumasi, Ghana, £%pp.

{fori, George, 198%5. Indigenous construction materials programmes
-~ Lesesone from Ghana’e experience. Habitat Int., Vol.9,

Okot-Uma, W?0. ‘Ruq 1987. Indicators for performance and
environmental impact of mud bhouses in rural and  sub-
webran human settlements (RAfricald. Commonwealth Science
Council Fublications, Technical Series Mo.218 (1987),
I8F~24, ppr 185-200.

Okot-Uma, W0, K., 1987. O survey of local building materials and
housing construction designs. Commonweath Science
Council PFublications, Techwnical Series Mo.240, 89pp.

0la, 5.A., 19890. Mineralogical properties of some NdNigerian
residual soils in relation with buildivng problems. Eng.
Geology, Amsterdam, Vol.1%, pp:i-13.

Opeku, Y.R., 19786. Housing rural communities {(Atalpame houses).
Rural Housing Research Series RH-1, Ruilding & HRoad
Res. Institute, Kumasi, Ghana, S0pp.

Oikeyere, J.M., 1978. Erici  production in a continuwous oil-Tired
kiln - Fumesua HBrick Project. Huilding & Road Research
Institute, Kumasi, Ghana, 39pp.

Opoku-Mensah, D., 1974. Incentives for low industrial manufacfure
of buildinyg materials. Paper presented at Conference on
"Achievement of Cost Reduction iwv Public Construction',

Accra, June, 1974, Spp.

228



Owusu, D.J., 1971. A review of housing policies and. programmes
since the Government of Sir Allan Burns., Bﬁilding &
Road Res. Institute, Kumasi, Ghana, 20pp (unpublished).

Olier, D., 1969. Weathering. 0Oliver and Boyd, Edinburgh, 304pp.

Frescott, J.A. and Fendelton, R.L., 1953. Laterites and lateritic
50ils. Commonwealth Bur. Soil, Tech. Comm., 47, Sipp.

Feck, R.ER., 1971. Engineering implications of tropical weather-—
ing and lateritisation. Seminar on laterite and other
problem soils of Africa. Univ.Sci. Tech., Kumasi,
Ghana, Januwary, 1971. (unpublished lecture).

Flancherel, Jean-Marie, 1983. A morphological classification of
lateritic ironstone and ferriginised rocks in MNorthern
Migeria. NMig. Journal Sci., Vol.1(2), pp:lel-~-173.

Quanish, Samih, 1983. Performance of low-cost housing in Jordan.
Sponsored by United Mations. Housing Science, Vol.7,
Mo.3, pp:283-293.

Road éésearch Laboratory, 1952. Soil mechanics for road
engineering, H.M.S5.0., London, S41pp.

Reginatto, A.R. and Ferrero, JuCuy 1973. Collapse potential of
s0ils and soil-water chemistry. Proc. Intern. Conf.
Soil HMech. Found. Eng.,-Bth, Moscow, Vol.2.2, pp:l77-
183.

Rémillon,-ﬂ., 1967. Road research in French speaking African
countries. Ann. Inst. Bat. Trav. Publ., 831—838: 366
388 (in French).

Rddérick, G.lL., 1972. Review of particle size classification s of

50ils. Highw. Res. Board, Record 405, pp:75-86.

229




Rohatgi, F., 1988. Cépacity building for materials science andh
technology in developing countries. ATAS, UNCSTD,
Vol.5, pp:295-97.

Ritonga, S.iM., 1984. Kesearch and development on building
materials and construction systems in Indonesia. ist
Technical EBoard Meeting, Regional Metwork in Asia for
Low-cost building materials technblogies and construc-—
tion systems. Raguio City, October 10-20, 1984,
FPhilippines, 22pp.

Rodsawasdi, Direk and Thanmarony, C.,y; 1984. Technical and economic
aspects of ‘interlocking s0il cement block. Intern.
Colloquium on earth construction technologies approp-
riate to developing countries. December 10~-12,
Brussels, pp:374—-380.

Ruddock, E.C., 1967. Residual s0ils of the Kumasi district.
Geotechnique, 17:359-377.

Rutka, A., 1961. Correlation of engineering and pedological soil
classification in Ontario. In: R.E. Legget (editor),
Soils of Canada. Royal Society, Canadaj Spec. FPubl.3,
pp:l183-192.

Sebestyen, Gy, 1984. Research priofities for building materials
industries in dewveloping countries. UMIDO, Vienna,
Report ID/WG.425/1, S4pp.

Shadmon, A., 1975. MHNatural Building stone development project
for Ghana. UNIDO FPFroject MNo.l15/GHA/74/006/11-02/03,

Restricted Report, UMIDO, Vienma, 20pp.

230



Schreckenbach, Ha and Abankwa, JaBuKu,y 1383. .Construction
Technology for a tropical developing count}y. 6TZ and
Univ. of Science & Technology, Kumasi, Ghana, 338pp.

Sherman, G.D., 1952. The genesis and morphology of the alumina-
rich lateritic clays. In: Clay and laterite pgenesis.
Amn. Inst. Min. Metall. Eng., New York, pp:1354-161.

Shergold, F.R., 1345. Physical tests on three samples of laterite
rock. Brit. Road Res. Lab., Note 578 {(unpublished).

Shergold, F.R., 1948, h review of available information on the
significance of roadstone tests. Brit. Road Res. Lab
(UK), Tech. PFaper 10, 14pp.

Sidibe, Balla, 1985: Understanding adobe. Volunteers in Technical
Assistance (VITA), Arlington, Virginia, USA, 26pp.

Sherard, J.L., Dunnigan and Decker, R.S., 1976. Identification
and nature of dispersive soil. J . Geotech. Div. Am.
Soc. Civil Engrs., Vol.102, No.GT4, pp:287-301.

Sherwood, F.T., 1958. A study of the pedological classification
of soils in relation to soil-cement stabilisation. Road
Res. Lab. (U.K.), Note 3284, Berkshire (unpublished).

Sherwood, P.T., 1967. Classification test on African red clays
and Keupar Marl. 0.J. Eng. Geol., London, Vol.l, HNo.l,
Pp:47-55.

Sherwood, P.T., 1968. The properties of cement stabilised
materials. Brif. Road Res. Laboratory, Crowthorne,
Report LR.205, 31lpp.

Sherwood, F.T., 1970. The reproducibility of the results of soil
classification and occupation tests. Brit. Road Res.

lLLab., Report LKR.339 (unpublished).

231




Smith, R.G., 1974. Buildiﬁg with soil—-cement blocks. Buildiné
Res. and Fractice, Faris, March/April, pp:98-102.

Sowers, G.F., 1962. Shallow foundations. In: Leonards (editor);
Foundation Engineering, McGraw-Hill Rook Company, New
York, pp:3235-632.

Sperling, R., 1961l. Soil-cement blocks: A field test for suitable
mix proportions. West African Ruilding Research
Institute (WARKRIY, Accra, Ghana, Mote 2, 4pp.

Sperling, R., 1962. Soil-cement blocks: Effect of soil composi-
tion on durability and other properties. West African
Building Regearch Institute (WAEBRI), Accra, Ghana, HMNote
14, 14pp.

Simonson, R.G., 1974. Mon-agricultural applications of soil
surveys. Development in soil science, Vol.4, Elsevier,
Amsterdam, 178pp.

Spence, R.J.S5. and Cook, 1983. Building materials in developing
countries. John Wiley & Sons Ltd., Mew York, 338pp.

Stulz, K., 1381. Appropriate building materials. SKAT Publica-
tions, St. Gallen, Switzerland, 324pp.

Salberg, J.K. ana Smith, PF.C., 1965. FPavement design over

| expansive clayss Current‘pracfices and research in the
U.8.A., Froc. Inter. Res. and Eng. Conf. on Expansive
Soils, A & M Pess, Texas, p.242.

Solas, J.A.J.y Justo, J.L., Romana, M. and Faraco, C., 1973. The
collapse of gypseous silts and clays of low plasticity
in arid and semi-arid climates. Proc. Intern. Conf.
S0il Mech. Found. Eng., 8th, HMoscow, Veol.2.2, pp:193-
199.

232



e g

Sueoka, T., 19686.

R B R RS RN A
: v (NIRRT . [T H :
,’ g M S sefpaey e U P S T [ S S
: S N R - Mk
! : . . : e e e
, .

[ 2] 37 ey (7 0y v € % god o vge o i . . .
Shellman, W.e, 1979 Conmsiderations on the derinition and clagssi-

fication of laterites. Froc. Intern. seminar  on
. . ! | . .
Lateritisation FProvesses, Trivandum, India, pp:i-1i0.
S5KAT, 1988.  Appropriate fuslding Materials (compiled by KRoland

' . . .
! R R T TN ..-‘-

Stulz and Kiran Mukerjir, Swiss Centre for Appropriate

Technology, St. Gall, 430pp.

Shempton, A.W., 19%3. The "Lolloidal Activity" of clays. froc.

Intern. Conf. Soil Mech. Found. Eng., 3rd, Zurich,
Vol.l, ppsb7-62.

Identification and classification of granitic

residual soils uwsinyg chemical weathering index. Froc.

Intern. Cont. Geomechanics in tropical 30ile,

Singapore, Vol.l, pp:35-6l.

Stephen, 1., 1953. A petrogiraphic study of a tropical blach earth

-

from the Gold Coast. Journ. Soil Sci.,

-

and pgrey earth
Voled, £il-a219.
Thornthwaite, C.iW., 1946. in approach to a rational classifica~-

of climate. teol. Keview, Vol.d8, pp:bS-24.

tion
Tuncer, EoFa, 1988, Pore si1ze distribution characteristics
oF tropical sokle  Ain relation tao engineering

properties. Frroo. Intern. Conr. Geomechanics in

Tropical soils, Singapore, vol.i, pp:63-70.

Tuncet, Kok and Lohnes, k.., 1377. AN engineering classifica~
tion af certaia basalt-derived lateritic s0ils.
Evgineerinyg Geoloyy, Amsterdam, Voi.11, No.4, pp:3i9-

339

Ty lewr i G LAt il Handereuo biocks. Wwest  Atrican  Huilding
y oty v Adu oy A
WAk Ly Hote Ho.4, 6Gpp.

Kesearch tnstitule

233




~ 1
Tatersna, 1. i Y I
; 5 P e Meg, o vnifineering characteristics of high
MOoLstuwre Leopreal  Lurgw. Hroc. Lount, W. Nssoc vtate
- - -. (5 s

Highway wiraiciad, tanolulu, July o, 1967, (9pp.
Trindade, ﬁ‘uh, L. Exu(uule Dummary to AFAS, Vol.%, UNCSTD,
United Hations, Mew Yor.
Tubey, L.W., 1961, A lavcrator, investigation to determine the
effect of mica on  the properties of sgoils and
stabilised soilw. Evit. Road Kes. Lab., Note 4077

{unpublished).

Thompson, K.W., 196%. The cvliimate of Africa. Oxford University

PFrass, London Lodpp.

Thorpy, J. and Smith, k.L., 19409, Higher categories of soil

classification; Urder, sub-order and great soil groups.

G501l Sci., 673 1i9-186.

United Nationsg Centre for hHuman Settlements (UNCHS -~ Habitat),

1985, The use ot selected indigenous building materials

with potential for wide application in developing

countries. UHCHS (Habitat), HNairobi, Kenya, 70pp.

United Mations Centre for Human Settlements (UNCHS ~ Habitat),

19864, Small~scale buirlding materials production in the

context of the nfaormal economy, UNUCHS (Habitat),

Mairobi, MKenya, 40pp.

United Mations Lentre for jluman Setllements (UNCHS - Habitat)y,
14986, Earth conctruction technology (4 manuals on basic

principles  of eacvh appliecation, production of rammec

earting adobe and compressed sorl blochs, design and

conetruetion Lewhmeguen, surface protections, UMCH

' (ilabitat), Marroby, Kenya, «i0pp.

234



s e RSO

United Hations Centre for tuman bHettilements CUNGHS ~ Habitat),
1986a. Manual on npasie principles or earbth applicabion,
UNCHS (Habitat), Mairrobir, Kenya, LOpp.

United Mations UCentre for Human vSettlements (UNCHS -~ Habitat),
i9686b. Construction technology. Maruwal on production of
rammed earth, adobe and compressed soll blocks. UNCHS
(Habitat), Mairobi, Kenya, 37pp.

United Nations Centre for Human bettlements (UNCHS ~ Habitat),
1986¢c. Earth construction technology. Manual on design
and construction technigue. UNCHS (Habitat), Mairobi,
Kenya, 6&pp.

United Mations Centre for Human Settlements (UNCHS - Habitat),
1986d. Earth construction technology. PManual on surface
protection. UNCHS (Habitat), Nairobi, Keyna, S7pp.

Uni%ed Mations Centre for luman Settlements (UNCHS ~ Habitat),
1987. Earth construction technology - Fart &. Low cost
technology for production of adobe, rammed earth and
compressed blocks. Technical Note No.i3d, Mairobi, 4pp.

United Nations Centre for Human Settlements (UNCHS ~ Habitat),
1984. Government policy guideiines to improve the
efficiency of the construction mdustry. UNMCHS
(Habitat), HMairobi, Kenya, 49pp.

United Nations Industrial Development Organisation (UMIDOY y 1969,

Kuilding materials dindustry. Monograph M. 8, UNIDO,
Vienna, 77pp.

United Nations Industrial Development Organisation (UNIDO), i980.

Appropriate industeial technoloygy ror consbruction and

235




building materials. Monograpns on appropriate
industrial technology, No.l2, Vienma, 218pp.

United Ntions Economic and Social Council (ESC for Western Asia),
1987. HSoal construction as  an energy-efticiency
material for low cost housinyg. UNCHS (Habitat),
Mairobi, Kenya, Japp.

United dMations Centre for beience and Technology for Development
(UNCSTDY y 1988. Advanced Techology Alert Bystem (ATAB)Y,
Materials Technoloygy and Development, United Mations,
Mew Yori, Vol.S, 1bOHGpp.

United Mations Development Frogramme (UNDE), 1992, Choices: The
human development magazine, United Nations, New Yorlk,
3B8pp.

United HMations Economic and Social Commission for Asia and the

) Pacirtico, RILEM and UCll, 1987, Building materials for
Low—income housing. Summary Report of Symposium, 20-26
June, 1987, Eanghok, 4/pp (and annexes).

United Mations Economic and Social Commission for Asia  and the
Fracific (UNESCAR), RILEM and CIB, 1987. Summary Report
o Building Materiale. Report, Symposium, kRanghkok, 20~
26 January, 1987, Ldpp.

UNMEBCO/ZECRA, 1964. Organisation of research and training in Africa

in relation to the sbudy, conversatiocn and utilisation

of natural resources. Final Keporl on the Lagos

Conference, 28 July to & August, 1G4, UNESCO, Fariss

LORpp.

236



Venkataraman, Tebe and Venkatasubramanian, v., t9/7. lenperature
studies on  bituminous pavements 1v the tropics. J.
Australian Koad wes. doacd, Vol./, Mo.l, ppsilé&-37.

Vargas, Po, 1988. Characterisation and classitication of tropical
solls. Froc. 2nd inter. Cont. Geomechanics in tropical
s0ils, Singapore, Vol., pp:7/Zl-75.

Vallerga, KE.A., Schuster, Jafi., Love, Aaiew and Van Til, C.aJe,
1963, Engineering study of lateribte and lateritic soils
in commection with construction of roads, highways and
airfields. U.S. ALD, Kept. ALL/LLL-LBLO, 1e63pp and
appendices.

Vine, H., 194%9. Migerian woils an relation to parent material.
Caommonwealth Soil Secience, Tech. Comm., auadid-d9.

Webb, T.l., Coliiers, T.F. and Stutterheim, ., 1950. The

) properties of compacted soil-cement mixtures for use in

building. Matl. Lklidg. Res. Insta, Fretoria, South

Africa, 6G2pp.

West African Building Research Institute vWRERL) , 19%7. Draft
specifications for soil-cement blocks. West African
Building KResearch Institute, 3pp (unpublished).
Wolfskill, Lye, A (undated) . Handbook tor buiiding homes in
earth. Dept. of Housing and Urban bevelopment, Div.

of Intern. Affairs, Washington D.U., 1359pp.

Ghana. Oxford

Wills, J.R., i962. Agriculture and landuse 10

University press, London, 304pp.

Wright, E.A., 1974. The training programme for professional civil
engineers. Faper presented  «l the Lonterence O
‘.

237




"Mohievement of Cost Reduction 1o Hublio Constewetion',
June, 1974, Building & koad Kes. rsta, Rumasi, Opp.

Weight, ., 1977. Rural latrines: Report of a Tecnnical Advisory
Group ﬂeeting, Kuamas i, sponsored by the IDRC, 12-15
July, 1977, 8ipp ¢+ ftigures.

Wagner, A.A., L957. The use of the unified souLl classitication
system by the Bureauw of Reclamation. froc. Int. Conf.
$0il Mech. Found. &ng., Sth, Faris, l:il5-134.

Wallace, K.BE., 1973. Structural behav;our of residual soils of
continually wet highlands of Fapua, Mew Guinea. Geo~

technigque, London, Vol.&3(2), ppsaOis-—-dis.
Williams, R.J.J., 1988. The need for inter-disciplinary research
and development structures, ATAS, UNCSTD, Mew York,

Vol.%, pp:l103-10u.

white, B.G., 1968. A review of the problem of low-cost housing in

West Africa. West African Building Kes. Institute,

Accra, Ghana, S8pp.

Tomlinson, M.J., 1986. Foundation design and construction, John

Wiley & Sons, New York, 749pp.

Townsend, F.Cu., Mank e, G.F. and Farcher, J.V., 196%. The effect

of remoulding on the properties of a laterite soil.

Highw. Res. Ekoard, Record 284, pp:/6G-84.

o s o ot e, . o The
Townsend, Fol., Mank.e, Gukte and  Parcher, J.Vo, L1971 The
influence of sesquioxides on laterite soil properties.

Highw. Res. Board, Record 374, pp:sdo-did.

Wooltorton, FaleaDuoy 1955, Engineering pedolugy and  soil

sltabilisation. Highw. Res. Board LGuii. Lo, pprdd-ii.

238



Yoder, k.Y., 1987, Frinciples of so0il stabilisation. Froc. AnNn.
Road School, 43rd, 92, 4L(3):9%-1i00.

Yogi, A., 1980. Frevalent local burldaing materials and
suyggestions for Lhelr amproved use o rural  areas.
Mational Euilding Urganisation. Journal, Vol« XXV, HNew

Delhi, ppsl7-21.

239




	10013840717
	10013840718
	10013840719
	10013840720
	10013840721
	10013840722
	10013840723
	10013840724
	10013840725
	10013840726
	10013840727
	10013840728
	10013840729
	10013840730
	10013840731
	10013840732
	10013840733
	10013840734
	10013840735
	10013840736
	10013840737
	10013840738
	10013840739
	10013840740
	10013840741
	10013840742
	10013840743
	10013840744
	10013840745
	10013840746
	10013840747
	10013840748
	10013840749
	10013840750
	10013840751
	10013840752
	10013840753
	10013840754
	10013840755
	10013840760
	10013840761
	10013840762
	10013840763
	10013840764
	10013840765
	10013840766
	10013840767
	10013840768
	10013840769
	10013840770
	10013840771
	10013840772
	10013840773
	10013840774
	10013840775
	10013840776
	10013840777
	10013840778
	10013840779
	10013840780
	10013840781
	10013840782
	10013840783
	10013840784
	10013840785
	10013840786
	10013840787
	10013840788
	10013840789
	10013840790
	10013840791
	10013840792
	10013840793
	10013840794
	10013840795
	10013840796
	10013840797
	10013840798
	10013840799
	10013840800
	10013840801
	10013840802
	10013840803
	10013840804
	10013840805
	10013840806
	10013840807
	10013840808
	10013840809
	10013840810
	10013840811
	10013840812
	10013840813
	10013840814
	10013840815
	10013840816
	10013840817
	10013840818
	10013840819
	10013840820
	10013840821
	10013840822
	10013840823
	10013840824
	10013840825
	10013840826
	10013840827
	10013840828
	10013840829
	10013840830
	10013840831
	10013840832
	10013840833
	10013840834
	10013840835
	10013840836
	10013840837
	10013840838
	10013840839
	10013840840
	10013840841
	10013840842
	10013840843
	10013840844
	10013840845
	10013840846
	10013840847
	10013840848
	10013840849
	10013840850
	10013840851
	10013840852
	10013840853
	10013840854
	10013840855
	10013840856
	10013840857
	10013840858
	10013840859
	10013840860
	10013840861
	10013840862
	10013840863
	10013840864
	10013840865
	10013840866
	10013840867
	10013840868
	10013840869
	10013840870
	10013840871
	10013840872
	10013840873
	10013840874
	10013840875
	10013840876
	10013840877
	10013840878
	10013840879
	10013840880
	10013840881
	10013840882
	10013840883
	10013840884
	10013840885
	10013840886
	10013840887
	10013840888
	10013840889
	10013840890
	10013840891
	10013840892
	10013840893
	10013840894
	10013840895
	10013840896
	10013840897
	10013840898
	10013840899
	10013840900
	10013840901
	10013840902
	10013840903
	10013840904
	10013840905
	10013840906
	10013840907
	10013840908
	10013840909
	10013840910
	10013840911
	10013840912
	10013840913
	10013840914
	10013840915
	10013840916
	10013840917
	10013840918
	10013840919
	10013840920
	10013840921
	10013840922
	10013840923
	10013840924
	10013840925
	10013840926
	10013840927
	10013840928
	10013840929
	10013840930
	10013840931
	10013840932
	10013840933
	10013840934
	10013840935
	10013840936
	10013840937
	10013840938
	10013840939
	10013840940
	10013840941
	10013840942
	10013840943
	10013840944
	10013840945
	10013840946
	10013840947
	10013840948
	10013840949
	10013840950
	10013840951
	10013840952
	10013840953
	10013840954
	10013840955
	10013840956
	10013840957
	10013840958
	10013840959
	10013840960
	10013840961
	10013840962
	10013840963
	10013840964
	10013840965
	10013840966
	10013840967
	10013840968
	10013840969
	10013840970
	10013840971
	10013840972
	10013840973
	10013840974
	10013840975
	10013840976
	10013840977
	10013840978

