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ABSTRACT

The technology of grain storage structure is yet to reach a deyel opement stage that can be
considered as acceptable in Nigeria, and yet, modern construction materials normally used are
becoming more difficult to acquire with each passing day as a result of continuos devaluation of
the Naira. Mud an aternative material presently used in the construction of domestic buildings
and other special structures was evaluated for its suitability as aconstruction material for grain
storage structure.

In carrying out the above task, "Rumbu”, agrain storage bin widely used in Northern
Nigeria and principaly constructed using mud was investigated for spread, shape, size and usage.
Sate of art of mud preparations and rumbu construction were studied in two selected villages that
farly represents Northern Nigeria in this respect Data collected were then used to assess the status
of existing rumbu bins. Various mud mixes were also constituted and evaluated for strength and
durability in the laboratory using where possible standard procedures of testing concrete and
soilcrete and modifying or adopting other procedures where necessary. Small size mud bin was
then constructed and comparatively evaluated with sandcrete and steel bins for resistance to

ambient changes like temperature and relative humidity.

Results show that presently, the existing rumbu bins are of three shapes (cylinderical,
spherical and pyramidal), with volumes ranging from 1.6m to 197.4m . Laboratory evaluation
ofthe various mud mix showed that mud has a compressive strength of between 1.38 to 4.2N/m?
and atensile strength that ranges between 0.31 to 1.23N/m  depending on paste consistency,
stabilizer type and whether the mud was settled or not The comparative evaluation of mud
structure under varying ambient condition showed that mud can resist heat transfer better and

compares with sted in offering resistance to humidity transfer.
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CHAPTER ONE

INTRODUCTION

1.1 Background Information
A grain storage structure can be described as that physical comainclr within which
a quantity of grain is stored for preservation against spoilage. The purpose of storage as
stated by Oxley (1949) has always been that of a stock reserve against famine and uneven
seasonal or inter-scasonal supply. The length of period over which a container can hold
grains in a "good state” ig normally used in qualifying the efficiency of that container.
However the choice of a suitable storage structure depends on other factors like cost,

availability of construction material, construction skitl, traditional practices etc.

The practice of crop storage is known to have dated to the megalithic age (10,000
- 7,000 BC) as noted by Igbeka et al (1989). The use of storage struchures to store large
quantities of grain was first recorded in 188 BC when the Prophet of Allah, Yusuf (Joseph),
the son of the Biblical Isaac stored large quantities of wnthreshed grains for over seven years,
Mandudi (1970).

Grains are nomnally stered either in natwral structures like gourd, trees, or in
artificially constructed structures like baskets, sacks, underground pits, clay pots, cribs,
sandcrete wharchouses, mud walled silog(”nm]bu"), steel tins, concrete and steel silos. In
actual practice of large storage of grains (above 2 tons) rumbu, sandcrete wharehouses,
concrete and steel silos are employed as docomented by Lasisi (1988), Bengtsson and

Whitaker (1986).



Major arcas of research on storage structures have been with respect to methods of
structural analysis that will bring about accurate assessment of existing static and dynamic
stresses of the silo bin. A number of proposed methods were reviewed by Gumbe (1988).
The reason for interest in this area was the need to optimize sectional sizes of materials used
and thus reduce material cost. Research work were also carried out on the improvement of
constructional details to check rodents, birds, moisture transfer through walls and rain effects
in warchouses, and loading/off loading of grains. Ways of improving the ambient condition
of the structure by mechanical devices that increase aeration, vary temperature and relative
humidity has been other area of research in storage structures. Recommendations by
rescarchers in these areas have been documented among others by Giles (1965) and Igbeks ¢

et al., (1989).

Studies carried out by Giles (1965) show that grain is stored more in the Northern
part of Nigeria by the local farmers using the traditional mud storage bins known as
"Rumbu”. He noticed that variation existed in sizes, performance and duration of these
rumbu structures. Wheatley (1972) identified the economy of grain storage using the
rumbu, but stressed the importance of the need to find ways of simple improvements on the
structure. Suggestions have been put forward at ways of improving this structure by
international agencies such as the German Agency for Technical Cooperation, Food and
Agricultural Organisation (FAO) and Volunteers in Technical Agency (VITA). Most of
their suggestions centred on using mud bricks with raised concrete platforms. These

suggestions were meant to help check rodents, ground moisture migration and to aid grain

discharge during off loading.



T recent times, mplm:s on the need to use local materials for construction purposes
has been stressed by governmeni and Engineers. Lasisi (1988) pointed out that the use of
local material will save the couniry a lot of money both in the short and long term. This will
according to him, encourage the development of local expertise for continous improvement
through research and development. Much work has been done by the Nigerian Building and
Road Research Institute (NBRI) and some Nigerian Universities on tateritic soils as a local
material for butlding,. Most of the works were aimed at improving lateritic soil by using

better compacting methods and stabilizing agents.

Becawse of the importance of grain storage in the world, FAQ regularly coordinates
the national grain policies of various governments with a view of achieving better global
policy. FAC report in 1975 showed that the Nigerian government had as its policy plan on
strategic grain reserve, the construction of grain storage structures with a total capacity of
250,000 tons. Some of these structures were actually completed only in 1991 and

commissioned in 1992,

1.2 Statement of Problem
Grain production inNigeria is constantly increasing. Ashafa (1986) noted that millet
production alone increased from an estimated 4.8 million tons in 1980 to 5.2 million tons
it 1984. Lasisi (1975) observed that unless solution to the problem of storage of grains and
produce is pursued, the increase of agricultural production will have little or no effects ing
sncrcasing the quantity and quality of food available for human comsumption and livestock
feeding. He suggested therelore the need for 2 contimrous development of appropriate

storage technologics to cope with these increases.



Cost of building materials has increased astronomically as a result of the devaluation
of the Nigerian currency. Lasisi (1988) observed that the difficult economic situation has
forced a change in orientation and local materials are looked at more closely in the hope of
solving our technology related problems. Earlier researchers on local byilding materials have
focused attertion on soils. However, solutions offered like use of compaction machines and
chemical stabilizing agents often call for a serious departure from the traditilonal practices
thus creating sociological problems in terms of acceptance, cost and availability of skill.
Wheatley (1972) showed that any new improvement on storage structures must be sumple

and cheap to economically justify its application.

Traditiomal methods of rumbu construction, as presently practised differ widely from
village to village and sometimes from one builder to another. Notable differences arewith
regards to the following:

(i) mix ratio of constituents used in mud preparation

(i1) type and amount of stabilizer

(iii) constructional details.

The consequenices of these differences include variation of sizes, performances and
durability of structures, as documented by Giles (1964), Agboola (1985), Bengtsson and
Whitaker (1986). Though “rumbuy’ bins are used extensively in Northern Nigeria and have
been studied, no work has yet been gonc in determining the properties of mud utilized in
their construction. This therefore makes it difficult to know the limiting strength and load
capacity of these shructures and consequently, level of safety of these structures are not

known



1.3 Objectives of the stndy
Objective of this study are:
(a) To undertake a general study and assesment of existing grain storage structures

congtructed with mud.

(b) To study the present state of art in mmd preparation, rumbu construction and usage in

some selected villages within the Northern states of Nigeria

(c) To evaluate the effect of varions mix-ratios of mud constituent (water, soil, grass
stabilizers) on workability, strength (compressive and tensile), and durability of the finished

material. (dricd mud)

(d) To investigate the effect of environmental changes (temperatre and relative hmmidity)
on dried mud as compared with steel and sanderete block which are the two other major

materials used for construction of grain storage structures.



CHAPTER TWO

2. LITERATURE REVIEW

Previous research works on grain storage structures vsing mud as a construction
material ¢can conveniently be discussed under the following four areas:

(i) Factors affecting grain storage

(ii)  Types of grain storage structure

(iti} Mud as a construction matertal

(iv)  Performance evaluation of grain storage structures.

The above factors are reviewed below followed by a justification of the set objectives.

2.1 Factors Affecting Grain Storage

A stored grain bulk has been described by Sinha (1973) as an ecological system in
which deterioration results from interactions among physical, chemical and biological
variabies. He listed the variables as temperature, moisture, oxygen, geographical location,
insects, mites, microorganisms, rodents and birds. The proper control of these agents is
thercfore a basic necessity for successiul grain storage. According to Lasisi (1975), these
agents can be grouped into three as follows:

(a) Weather

(b)  Pests

(c)  Micro-organisms and enzymes.



2.1.1 Weather

Weather acts on the external surfaces of walls of sfructures to change the internal
conditions of the storage. Therefore weather vartations result in ¢changes of the internat
parameters associated with storage. It is important to understand the effect of weather in
order to control such variations likely to give rise to favourable conditio_ns that allow for

deterioration.

Weather acts in form of heat from the sun, direct moisture from rain, and vapour
from high ambient relative humidity. The presence of wind often aggravate magnitudes of
heat and moisture transfer to and through the structure.

In understanding efiects of weather two subject areas were reviewed :

(a) Heat transfer

(b) Mass transfer

(a) Heat Transfer

When the atmospheric temperature becomes higher or lower than the internal
temperature of a storage stmcﬁme, temperature gradient across the wall of such structure
will be prevalent resulting in heat transfer. If the diurnal temperature variation is high, it
could lead to condensation within the structure giving rise to increased grain moistur;a
content. Increased grain moisture ¢ontent could result in mouldiness and fungi growth,
Igheka et al (1989), Muir (1978), Sinha (1973). It could also result in grain volume increase
that could icad to the damage of the structure. Hall (1963) Heat transfer from the
environment to within the structure takes place in three stages. The first stage s the heat

tramster by radiation and ¢onvection to the external surface of the wall, the second stage is

7



the transfer of the heat by conduction through the wall and the third stage is the transfer of

heat firom the imternal surface of the wall by convection to within the structure.

(i) Heat Transfer by Radiation: Thermal heat transfer by radiation takes place by
electronagnetic waves between a heat source, other objects around the surrounding and the
external wall of structure. The net amount of heat transferred is dependent .ou the absolute
temperature differences between such separate bodies involved.
The net heat radiated between tweo bodies q, and q, is:
4= FoF, AT, 4T,%) crcrccercrenmmsensssrssnsssnssreveseressnenes (2.1)
where F; = the radiation factor depending on emissivity (E)

F, = geometric or view factor

A = surface area (m*)

T, T; = temperatures of body 1 and 2 in degree Kelvin.

o = Stefan-Boltzman constant.

The rate of heat flow to the wall per unit area (Qg/A) is given as:

Qr FA T EBE (I, = § )ercrcrmrmeerrrerecnnseccsmsneenesanssssnmssssssssnsonsneenesnres (2.2)
(Markus and Morris, 1980)
where

Qg = rate of heat flow W/m?
E = Emissivity
t, = mean radiant heat as seen by the wall in degree Kelvin.
t, = wall surface temperature iu degree Kelvin
Markus and Morris (1980) gave the approximate value of (Ehr) as 4.14 Wm k' and noted

that emisstvity for most opaque building materials can be assumed as 0.9, Effect of radiant



heat transfer on walls can be reduced by decreasing the absorptivity of the wall material,
increasing the reflectance of the wall material or shading the wall from hot radiant objects

like the sun.

(i) Heat Transfer by Convection : Convective heat transfer is normally as a result of flnid
motion created externally by either instruments such as fan or pump or created by a
difference of deusity and the action of gravity. On this basis, convective heat transfer is
either termed forced or natural. In normal weather conditions, natural convection is the
prevalent form of convection.

The magnitude of heat transferred by natural convection is dependent on several
factors like gravitationat force (g), thermal expansion (), viscous drag (p) thermal diffission,
the air property, temperature difference between the air and wall surface (AT) and the
characteristic length of the surface (I). These variables are related in dimensionless

quantities called Nusselt number (Nu), Grashoff mumber (Gr), and Prandt! mumber (Pr) as

shown below:
Nu= ¢(Gr.Pr)" oo, e eeseeeee e eeneeeseeeeeeeem et eeeeen e er oo (2.3)
Gr = (k /). [(L3p2 CR05 WAl U (2.4)
PE = (B0 ) /K cusreeeemecccnsemmencesmeseseconssessesossenss s sssstseessenssasesses s (2.5)

¢, = constant depending on the physical configuration of the structure

n = constant depending on the nature of flow of the air- whether laminar or

¥

turbulent.



The heat transfer coefficient (h) is nsed to approximate the quantity of heat transfer.

If Q./A =Heat flow perunit area due to convection
Then Q. /A =h (£, =) ottt teneas (2.6)
where t = temperature of air closs tf.'; the wall
t, = wall surface temperature.
The combined cffect of radiation and convection will provide a total heat flow which
according to Markus and Morris (1980) will be the addition of each of the effects of

radiation and convection. i.e.,

(QIAY+ (Q.FAY= Eh (t -1, ) + B (f, =t oerreeroveonreroressoneeresorcenenne Q.7
For most of the sitnation it is sufficient to assume thatt, =t,
Therefore
(Q./A)+ (Q./A)= (Eh, +h)(t, - L) i (2.8)

= (1! R s)(ta. = ts)

Where R, =[1/ (Eh +h,)]

Markus and Morris (1980) recommended that the value of Rs for convective and radiative
surface rcmslmcc can be reduced by providing shelters, and wind breakers which will have
substantial effect on degree of exposure of the strucmire. The British practice, according
to him, caegorise the degree of exposure of a building structure into three namely, sheltered,
normal and severe. In using the above equation, Ehr is taken as 4.14 Wmk* and he is
calculated based on thegdegree of exposure.

Be = 5.8 + 4.1V e e esssees (2.9)

where V= wind speed in {m/sec)

Suggested wind speed for different degrees of exposure are shown below in Table 1.1.

10



Table 2.1 Wind Speed for Different Degrees

of Exposure
Surface Wind speed (m/sec) Exposure
Roof 1.0 Sheltered
3.0 Normal
9.0 Severe
Wall 0.7 Sheltered
2.0 Normal
6.0 Severe

Source : Markus and Morris (1980)

(i) Heat Transfer by Conduction: The actual transfer of heat from the external surface
of the wall to the internal surface takes place by conduction. Markus and Morris (1980)
described walls of structire as fabrics that function as a filter paper between the external and
internal environment. High change in external wall temperature as a result of diurnal
variation of temperature can give rise to condensation of moisture on the internal surface of
the wall. Conductive heat transfer can be of steady state or transient type depending on the
constancy of the external and internal temperatures, but in buildings, steady state heat
transfer is normally assumed Mid West Plan Service (MWPS) (1970), Bengtsson

andWhitaker (1986) and Markus and Morris (1980).

The major property of the wall material which affects the rate of heat transfer is
conductivity (k). Conductivity is the ability of a material to conduct heat and its value
depends on other properties like density, size of particles, degree of bond between particles
and their arrangement, moisture content and temperature. The relationship between bulk
density and thermal conductivity of a brickwork is shown in Figure 2.1. For various

building materials, the value of k, or its reciprocal (i.¢ resistivity) are given in standard text.

11
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Steady state heat transfer through flat walls is given by the equation
Lo IV (7 12 PR (2.10)
where Q = heat conduction rate
A = cross-section area normal to the direction of heat flow, m?
k = thermal conductivity of material
t, = internal wall surface temperature
t, = external wall surface temperature

L. = wall thickness

One dangerous consequence of heat conduction is condensation. Gray (1955)
relates that whenever the outside wall of a structure ts exposed lo a lower outside
temperature (t,), the inside wall surface temperature (t,) will reduce to that lower than the
inside air temperature (). If't, is less than the dew point of the inside air, condensation will
ocarr. He stated that for a wall with an overall heat transfer coeflicient U, condensation will
occur if,

PRSI T TR B | 2.11)

where £ = surface conductance of still air close to the inside wall.

The implication is that the higher the U value, the higher the possibility of condensation.
Condensation sometimes occur within walls or wall surfaces but the surface type is most
disturbing as it is the one that is readily absorbed by grains giving rise to mouldiness and

»
spoilage.

12
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Figure 2.1 Relationship Between Bulk Density and Conductivity of

Brickwork. Source: Markus and Morxis (1980)
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(b) Mass Transfer

As a result of rain or high ambient relative humidity, moisture or vapour is
transferred across wall of structures giving rise to excess moisture or increased relative
humidity within the structure. When grains are stored in such a structure, the moisture
content nonmalises with the interal environment of the structure resulting in an equilibrium
moisture content (EMC) for the grains, and an equilibrium relative humidity (ERH) for the
environment. Any ¢xcess moisture or vapour transferred from external sources into the
structure give rise to increase in grain moisture content. Hukill (1963) identified exchange
of moisture with atmosphere through the structural wall as one of the reasons that lead to
change of moisture content of grains during storage. Giles (1962) noted that the moisture
content of stored unthreshed sorghum increased from 6.75% in February when the ambient
relative humidity was 11.0% to a moisture content of 11.9% in August when the ambient
relative humidity rose to 84.9%. The rate of moisture increase, according to him, is
dependant on the vapour barrier presented by the structure. Moisture increase in the
structre result in mould and fimgi growth. The minimum moisture content required to start
fungi growth is put at about 13.5% by Bailey (1954). This he noted results in a fiwther
increase of temperature and moisture leading to ordourisation and brownish colourisation
of the grain. Pixton (1982) stated that such initial increase of moisture result in a self
generating process of heat and moisture due to increased respiratory processes.

Like heat transfer, moisture transfer across the wall of a storage structure takes place
in three stages. The first sipee is the process of convective "mass” transfer of moisture from
the ambient to the external wall of the structure, the second stage is diffusive "mass” transfer
of the moisture through the solid wall and the third stage is the convective "mass" transfer

of the moisture from the internal surface of the wall.

14



(i) Convective Mass Transfer

Mass transfer as aresult of a moving fluid over a solid surface or an immiscible fluid
is known as convective mass transfer. If this movement is cavsed by a pump or similar
device, it is referred to as forced convection. If however the movement is caused by
difference in density resulting from species concentration or temperature gradient, it is called
free or natural convection.

The rate equation for convective mass transfer as presented by Welty et al (1969)

1S given as:

where
N, = molar mass transfer of species A measured relative to fixed spatial coordinates
AC, = concentration difference between the boundary surface concentration and the
average concentration of the fluid stream of the diffusing species
K.= convective mass-transfer coefficient which in general is a function of system

geometry, fluid and flow properties, and concentration difference C,

Since mass transfer is analogous to convective heat transfer, dimensionless numbers
are used in relating the variables of natural convection mass transfer, this is done by
replacing the prandtl number in convective heat transfer with Schmidt number (Sc). The
correlating relationship will then be of the form:

Wi ™ B B s s (2.13)
where Sc¢= p/ PD,; (Schmidt Number)
Grys =L’g A, / pV (Grashoff Number)

Nu,, =KL/D, (Nusselt number)

15



Where
D,s = fluid diffisivity, m*/sec
K = mass-transfer cocflicicent, mféec
p = fluid viscosity, kg/m’ |
i = fluid viscosity, kg/m.scé
L = characteristic length, m
gA., = buoyant force, kg/m’sec?

(i) Diffasive Mass Transfer: The actal transfer of water vapour or fluid through the
structural wall as a result of species concentration gradient is referred to as diffusive mass
transfer raie and is based on Fick's law of diffiision - MWPS (1976)
Fick's law i3 written as:
M = = DA (dp/AX) i iriisncssccnen et set s besars (2.14)
where M = mass (vapour) transfer rate, kg/sec
A = surface area, m?
D = ordinary coefficient of diffusion, m/sec or permeability

dp/dx = vapour pressure density gradient in the direction of flow, kg/n?®

The transfer of water vapour according to MWPS (1976) through materials is complex and
not well understood. This is because the ordinary coefficient of diffusion, (D) which is
primacily dependent on relative hurmidity (RH) and to some extent on l:;gmperatm-e, changes.
For walls of homogenous material subjected to constant vapour pressure, the simple case

of steady-state vapour transfer is assumed, thus making it easy to determine the vapour
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transfer rate by separating variables and integrating. Fick’s Law then becomes

M = DA (PrPl it (2.15)
Where p, and p, are the vapour pressures at each end of the flow path and L the length of
flow path {(material thickness). The mean value of permeability (D), then becomes

P (2.16)

The amount of moisture (m) transmitted through a wall can be estimated from the
following equation given by Bengtsson and Whitaker (1986)
G WAR T REY  casciininnsvossiinomsoniinsimeness it s e (2.17)
where  m = total moisture transmitted, g
d = permeance, g/24hr.m".pa
A = unit area, m’
T = time unit, 24hr

Ap = pressure difference, pa

Permeance is the ratio of water vapour flow to the vapour pressure difference of a material
between the surfaces. It is normally derived from permeability which is the property of the
material that allows the migration of water vapour and measured for one meter thickness in
g 24hr’pa. Permeability of a material can be measured using the wet or dry cup method.
Joy (1972) described the dish or cup method as the simplest and widely used method of
measuring water vipour transmission. The procedure is to place the specimen on top of an
impermeable test dish containing water so as to maintain a 100% RH for the wet cup
method or to place desiccant in the test dish so as to maintain a 0% RH for the dry cup

method. Inboth cases, the mouth of the dish is properly sealed and a 50% constant relative
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Immidity is maintained outside the dish. The amount of moisturs gained by the specimen
in 24 hours is measured as the water vapour transmitted. The wet cup method normally
gives a higher value as permeability generally increases with refative humidity.

The implications of the moisture transmission equations are that, using a material of
low permeability, or minimising pressure or temperature differences will result in less water
vapour tramsmisston. Most ofien particularly in the humid tropics, there is a simultancous
heat and mass trapsfer. This could result in heating and humidification or cooliag and
detnmidification. The thermodynamic properties of the ambient and internal ¢an be derived
using the psychometric chart. The rate of heat transfer in this case will then be a function

of both the humidity ratio and temperature gradients.

18



2.2  Types of Grain Storage Structures

Several types of grain storage structures are in existence and there is no agrsed
standard form of classification. Bailey (1954) classified storage facilities into seven based
on quantity and level of protection given to the grain. These are:

(i) on the ground storage; (v) underground storage;

(i1) bagged storage; (vi) farm bin storage;

(i1i) bin site storage; (vii) country elevator storage;

{(iv) terminal elevator storage.

Hall (1963) classified grain storage systems into three; traditional, modern and
contral storage. Giles (1965) used structural shape as a basis and classified the storage
structure nsed in the then Northern Nigeria into six namely:

(1) dried earth granaries; (iv) underground pit;

(i1) grass granary, {¥) in-hut storage;

(iti) pot storage (vi) modem silos.

Based on the principles employed in the preservation of the grain, storage systems
have also been classified as natural, aerated, cooled, airtight, chilled or refrigerated.
However for this review, a classification close to that of Hall(1963) has been chosen as
follows:

(i) traditiopal storage structures; p

(i1) improved traditional storage structures and

(iii) modem storage structures.
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2.2.1 Traditional storage structures
By traditional method, it is meant those methods originally used to store grains in
parts of Africa by African themselves and which according to Hall (1963) are still employed
today with littie or no modification. Traditional storage structures vary widely with respect
to construction material, size, principles of preservation, purpose and size of storage.
Various traditional methods of storage are discussed below, with supporting sketches as

presented by Lasis(1988) shown in Figure2.2

(a) On the ground storage: This is a storage system in which according to Bailey (1954),
grain is piled on the ground unprotected for a period of between harvest and transportation
to a safe place. Unthreshed grains are sometimes gathered into heaps which remain
unprotected for a period of one/two days or a long period of over six months in countries

of long dry season (Hall, 1963).

(h) Bunch and Pole storage: In this method, bundles of unshucked maize cobs are
suspended from a tree or tied to poles and driven into the ground tofix vertically in place.

This enables drying to continue until the maize is used up (Hall, 1963). See Figure 2.3.

(c) Rack storage: This is also a form of storage where unthreshed crops are kept on
raised racks such that drying continuously takes place during the storage period. In Ivory
Coast, unsiucked maize panicles of paddy and millet are stored on vertical racks 2 to 3

metres high and 5 to 20 metres long, See Figure 2.4
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Figure 2.3 Traditional Methods of Drying/storage of Unsheated Maize Cobs.

(a) Bunch suspended from tree

(b) Rack drying/storage
(¢) Pole drymng Source: Hall (1963).
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Figure 2.4 Local Platform Method of Storing Maize Cobs

urce: Hall (1963)
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(d) Piatformstorage: In some parts ofNorthcm Nigeria, vnthreshed grains are placed
on horizontal timber or pole prid of about 2 metre square and between 1 to about 2 metres
above ground. A removable thaich roof may be used o cover the platform, and
occasiopally the fire for cooking (which is normally done outside the living house in the
traditional Afirican setting) is set close to the platform in order to aid drying and prevent

insect and fingal attack (Hall, 1963).

{¢)  Basketstorage: In this storage system, portable or non portable baskets of woven
grass or wicker work is held off the ground on poles and used for storing grains. Tt is vsed
in Nigeria as reported by Lasisi (1986) and in Uganda, Senegal and Kenya as reported by

Hali (1963).

o Gourds and Clay Jars: Calabashes, gourds, and earthen ware jars are used in
several countries including Nigeria to store small quantities of threshed grains and seeds.
Prior to storing, such grains are dried thoroughly and the mouth of the container, normally
narrow, is sealed using mud or a wooden stopper. The container is then stored in the

dwelling huts or on top of products in granary (Hall 1963).

(20  Grass Granary: The most frequently used grain storage structure in - Africa is the
container consticted entirely of plant materials, which has clearly defined walls in addition
10 a floor and roof (Hal}, 1963). The container mray be circular or rectangular in plan and
wsually clevated above ground level. The dimensions range from 0.5 to 3.0 metres diameter

with walls 1.0 to 2.5 metres high and raised 0.1 to 2.0 metres above ground {evel.



Giles (1964) noted that Guinea-corn stalks are  normally used in constructing these
granarics and that storage is often temporary. Plant material granaries are considered easy
to build, economic for short-term storage while allowing drying of the contents. The

average lifc of the plant granary is put at five years with a range from two to ten years.

Bungudu (1970) in his investigation found that the plant-material granary (rumbu)
is mainly used by the Fulani and other people living in the outskirts of main villages and
noted that both the plant-material rumbu and rudu (another type of grass granary) are of
lesser importance to villagers. The major limitation of this type of granary he noted is that

it does not protect the grain from insect infestations.

(h)  Mud Granaries or " Rumbu":

Mud granaries (also referred to as '/Rumbu’) as vsed in Northern Nigeria have been
studied and described by Giles (1964), O,Dowd (1970),Bungudu (1970), Caswell (1975),
among others. According to Giles (1964), this structure is used for long storage of large
quantities of unthreshed grains. The structure has the advantage of being larger, more

permanent, and able to resist termite, rodent, thieves, and fire.

Giles (1964) carried out investigations on some existing "rumbu” structures of this
type in Northemn Nigeriato determine their size range and durability. His findings are shown

in table 2.2 -



Table 2.2 Approximate Dimensions, Capacities and

Durability of Granaries in Northern Nigeria.

Type of PARAMETER
Material Diameter Height  Capacity*  Durability
(m) (m)  (tons)  (yrs)
1. Dried -most common L7 2.7 12 20
Earth -range (1-5) (1-6) (1-19) (10-50)
2. Plant -most common 1.0 2.6 1 1
Material -range (5-3) (1-4) (1-7) (1-4)

Source: Ciles (1965)
*(Capacity refers to calculated capacity of unthreshed sorghum (n bundles) when the gramary is full at 10.2%

moisture content (m c) and density of 243 2K gfm® (15.2Ib/); 50 bundles of unthreshed sorghum is considered

to weights approximately 1 ton.

The major problems of these granaries as noted by Giles (1964) and later Bungudu
(1970) isthe high level of insect infestations. Giles (1964 ), further noted that depending on
the geographical location, this could give rise to a storage loss of between 4% in earth rumbu

and 78% in plant material rumbu.

In Nigeria and other African countries like Mali, the use of mud bricks rather that
in-sits mud have been reported. Weblay and Harris (1979) described these type of
structires where the walls are constructed with mud blocks of approximately 40x20x10¢m
and intc;nally plastered 2.5¢cm layer thick. By this method, Weblay and Harris (1979)
observed that it was possible to build stores as large as 24x18.4x4. 1m and yet maintain a
concentration level of fumigant adequate to kill all storage insects in four days, provided

doors are well sealed.
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@ Underground or pit storage: Hyde and Burrell (1973) repeorted that underground
pits were used in the ancient times in the Middle East Asia and Southern European
Countries. They were normally excavated in soil or rock and usuaily lined with straw or
chaff to absorb moisture entering from the soil. Giles (1964) stated in his report that this
method is carried out in the dry areas of the North-eastern Nigeria Two types of pit
acconding to Gilles (1964) are traditionally in nse. The first type called "Bame’ pits are used
in Lake Chad area of Nigeria and can store threshed grain for a period of over five years.
Tiee pits which are flask shaped are often as deep as 6 metres and covered with dried earth
cap. In the "‘Bame' pits, the graing can be stored for as long as five years. The second type
used around Maidugri is of cylindrical shape and about 2 metres deep. It is lined with grass
' matting, and the gap between the matting and the earth watl is filled with millet chaff, and

the opening covered with taches and thorns.

The principle of air tightness has been said to be the basis on which the pit storage
works. As explained by Hyde (1954), the straw or chaff lining absorbs moisture entering
from the soil or through leaks in the cover. The dampened straw becomes mouldy and in
s0 doing uses np the oxygen in the pit. Major advantages of pit storage according to Hall

(1963) are air tightness, cheapness, ¢venness of temperature and checking of pilferage.

Shortcomings of this method according to Hall (1963) is dsterioration that could
result ff'om dampness from the surrounding soils (i.e development of mould) or from attack
by insects. The snsceptibility of this system to rodent and termite attack has also been
pointed out by Igheka et al (1989). Diagrams of some types of pit siorage presented by Hall

(1963), courtesy of Pest Infestation Laboratery, England is shown in Figure 2.5.
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2.2.2 Improved Traditional storage stractures
Attempts have been made by organisations and researchers to improve on the
traditional storage methods. Most of the improvements have been on the three basic

traditional methods of bulk storage namely: the grass granary (that combines drying and

storage), the mud granary and the pit storage.

(@) Improved platferm and grass gramary: Major problems associated with the
traditional types of these structures include lack of durability, rodent and insect attack, and
possible mould growth at the centre for large diameter structure due to non-effective drying.
Improvement therefore centred on geometry modification for effective drying, using more
durable material and checking rodents by some physical means. The Nigerian Stored
Product Research Institte (NSPRI) in 1963 started an experimental maize ¢rib. The
experiment was based on the principtes of reducing the crib width (in refation to its depth)
to say two metres maximm, and reorientating the structure to ensure that the long axis is
facing the prevailing wind. The result of this experiment has since resulted in a standard
maize onb recommended by NSPRI The structure as described by Agboola (1985) consist
aplatform of 1.22m breadth and of variable length, raised 1.22m above the ground tevel and
supported on strong pillars made of either bamboo poles or other wood, and fixed firmly in
the ground. The structure is provided with a roof structure while slatted bamboo or wire
nets are used as side walls to hold the cobs or panicles. Rodent guards are provided on the
pillars to ward off the entry of rodents while insect control is eﬁ'wtcd by treating the grains
with persistent insecticides. Lasisi (1986) also described this ¢rib and rated it as very
effective for the humid tropics. Diagram of this structure as presented by Lasis (1988) is

shown in Fignre 2.6(a).
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(a) Improved Rumbn,
(b) Improved Ventilated Crib. Source: Lasisi (1988)
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(d) Improved Mud Granary: The major short-comings of traditional mud granary as
ealier reviewed included, lack of durability, insect and rodent attack, as well as moisture
transfer from grownd surface. Lasisi (1986) recommended such improvements as providing
raised concrete foundation and platform, this suggested improvements as presented in his
sketches is shown above in Figure 2.6, O'Dowd (1971) found that painting external walls
of the rumbu with bitumen, increases the resistance to water/moisture intake as well as

providing some hermitizing effect.

In Ghana, attempts have been made in improving mud granaries by using precast
mmud blocks rather than in-situ casting of mud. Dichter (1978) described these improvements
in the so called "Northern Ghana Mud Silo”. The construction of the silo according to
Dichter (1978) involves:

(1) Comstructing the silo on pillars and insulating it from ground moisture by putting

tar paper between the pillars and bottom slab.

(ii) Making the bottom and top slabs out of reinforced concrete to give added

strenpth to the structure.

(iii} Providing wooden unloading chute with an airtight plastic cap.

(iv) Painting the silo with a coat of coal tar to inhubit moisture absorption.

FAQ reported thet in China, the traditional clay/straw silos were improved upon by
dcvelopinggesting methods for mmd. This aided in the selection of stronger and more
durable clay/straw mix resulting i increased silo sizes. According to the report, present sizes
are inthe range of 6 to 10 metre diameter with 4 to 7 metres height as against the previous

4 to 8 metres diameter and 2 to 4 metres height, Storage volumes also increased from
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201a7 to 550nf. To achieve these improvements, FAO (1982) recommended a mininmum

clay/straw demsity wall of 966g/co’ and wall thickness in centimetres of 12 plus internal

diameter of the silo in meters.

() Improvedpit: The problems of traditional underground pit are structural, it could
be wall faiture resulting from pressures of the surrounding earth or improper vapour control.
Hall (1963} recommended as a way of improvement, the use of concrete for the
corstruction of pit walls. Ransom (1960) on the other hand gave recommendations essential
to effective pit storage. These are:
(1) The walls of underground stores must be designed to resist both the pressure of
the surrounding earth when the store is empty, full or partly full.
(ii) Vapour barriers must be incorperaied to prevent entry of air and moisture and
the escape of co,.
(i) The roof may be flexible (a temporary roof of bitumen felt laid directly on the
heaped grain, bonded with bitumen to the walls of the pit) or solid {a permanent
roof).

(iv)  Stores of great length should be avoided, otherwise cracking may oceur.

2.2.3 Modern Grain Storage Structures

Mordern grain sforage strucures have been described by Hall (1963) as basically an
elaboration of the traditional method in terms of both construction and usage, While modern
construction methods involves use of modern materials, mordern storing system imvolve
storing producein bags in whare houses or in bulk grains in silos. Other modern methods

wouid be said to exist depending on the preservation method, these include, air tight or
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hermitic storage, cool storage of grains, chemical method of storage. The two basic types

of modern grain structures and associated techniques of preservation are discussed below.

(a) Warechouse: These are sheds with walls used for storing grains in bagged form.
According to Hall (1963), storage in jute bags within sheds of various types of construction
is a more widely used method of grain storage than bulk storage in silo bins. Concrete
bricks, timber and steel have been listed by Hall (1963) as the common construction
meterials utilized in building these sheds, stone he noticed is sometimes in Northern Nigeria
for their construction. Agboola (1985) gave the recommended features adopted by NSPRI
to be used for standard stores and warchouses. These include:

(@) Site Location: The site must be in an area that is never likely to be flooded.

(ii) Moisture-proef floor: The floor should be made moisture-proof by putting a

moisture barrier in the foundation layers before the final concrete layer.

(iii) Smooth Walls: The walls should be plastered smooth and without cracks

which can be used by insects as hiding places.

(iv) Tight-fitting doors and Windows: Doors and windows should be made

tight-fitting to enable the achievement of partially airtight condition if in-situ

fumigation shall be required.

(V) Roof: Leak-proof roof should be provided.

(v) Eaves: The caves should be completely sealed. Use of dunnage or pallets and

bag stacking techniques that allow for stability, good ventildion and inspection

has also been recommended Bengtsson and Whitaker (1986).



Warchases bave been recommended by Gracey and Calverley (1972 ), as suitable
for the tropical countries and listed the important design parameters as capacity, shape, store
sitting, specifications and construction of foundation, floors and walls. Reconmended sizes

of butlding with respect to required storage capacities are shown in Table 2.3.

Table 2.3: Recommended Building Dimensions For Warehouses.

Capacity Floor Area Perimeter Building Size
{tonnes) {m*) {m) {m x m)
1000 523 94 19 x 28
3000 1596 170 28x 57
5000 2660 244 28x95

Source: Gray and Calverly (1572)

The basic method of preservation in the warehouse is the provision of suﬁicicni
acration afthough fumigation at initial storage period is ofien a practice. Agboola (1985),
Hall (1963), Gray and Calverley (1972) and others explained the techniques which can be
summarised as follows:- Good stacking methods and durmage are used in such a way as
to atlow for stability, acration, inspection and to avoid moisture from walls and floor. Good
sealing should be ensured when carrying out fumigation to control insect infestation.

Loading and off-loading is best done by mechanical grain handling machines.

¥
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(b) Sile bins: Silo bins are bulk storage structures fabricated of metal, aluminivm or
concrete, installed on reinforced concrete platforms. they are usually cylindrical in shape
but a few rectangular ones of concrete type are known. The rubber type has also been
tested inthe past. These silos are of various storage capacities ranging from 10 to over 200

tons cach. Agboola (1985).

According to Bailey (1954), silo bins are used as farm bins, bin sites, country
elevators and terminal elevators., Farm bins, are silos used singularly in the farm in form of
small round steel bins with capacities from 25 to 80 metric tons. Bin sites are batteries of
farm bins in large numbers with bin capacities ranging from 56 to 83 metric tons. Bins are
in this case constructed mostly of steel or aluminium. Country elevators on the other hand
are batteries of silos designed to receive grain directly from producers with a principal
finction of acoummilating the grains for reloading into transportation facilities such as trucks,
railroad cars, or barges, and sent it to market. Terminal elevators are batteries of silos
located in transportation terminals and larger markets with storage space range of 5,000 to

500,000 metric tons.

In practice silos are usually accompanied with high-capacity equipment for cleaning,
drying, and conditioning of grain. They are either of hoppered or flat bottoms. Hoppers
with sloping floors are convenient, since all grains flow out by gravity and they are self
cleaning. Flat bottoms are cheaper to construct and give slightly more storage space, but

cause some delay in loading out, Bailey (1954).
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The design and construction of gilo according to Stewart and Britton (1973) would
need to put into consideration, system capacity, location and orientation, construction

materials, techniques of storage and conditioning method.

The major set back of silos in Nigeria as pointed out by Agboola (1985) is
condensation and moisture migration as a result of fluctuation in tcmperan& between day
and night. This factor alone caused a loss of about 5% {Adesuyt 1976) from rotting and
caking of stored grains. High cost of construction material is another set back and according
to Halter (1973), an extensive research is needed to attian a more accurate design techniques
which may result in some savings in structural cost. The different preservation methods
uscd in stlo bin storage are discussed below.

(i) Aeration: The major method of grain preservation in silos ts by aeration.

Burrell (1953) describes the aeration process as consisting of blowing or drawing air

through the grain mass usually by means of fans attached to perforated ducts. Ene

(1987) recommended that use of convectional metal or plastic silos must be

supported by an effective aegration system so as to reduces the risk of damage from

insects, mites, and fingi by establishing and maintaining low temnperature
throughout the bulk. In using the aeration method of preservation, essential factors
of consideration have been listed by Burrell (1953) as: biological, with respect to
insects, mites, mouid growth and germination;, physical, with respect to resistance
of grain to air flow, air distribution system within the bin, and duct posifion and
spacing; and practical, with respect to sucking or blowing, cffect of loading
schedule, or duct arrangement, temperature achieved by aeration, moisture changes

and frictional loss in air duets.
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() Air tightness: Air tightness or hermitic storage is a method often used with the
convectional silos for preservation of damp and dry grains. In tropical climates
however, Hyde (1969) pointed out that grain should not be more than 13%
moisture content (m.c¢) as there are various hazards in storing damp grains in warm
conditions. The principle of preservation in the air-tight storage as explained by
Hyde (1973) is that there is depletion of oxygen in the airtight structure to a level
which kills or inactivates the harmful organisms like insects or molds, before they

become numerous enough to canse serious damage to grain.

Airtight storage in silos are either natural or artificial. In natural airtight
storage, removal of oxygen usually results from respiration of the pests themselves.
In the artificial airtight storage, an artificial environment is created to produce
oxygen-free atmosphere. A typical example of the artificial airtight storage used in
Nigm‘niﬁs i:een described by Agboola (1985). According to him, the silo is made
airtight, filled with crops and the air is purged out from the silo by replacing it with
nitrogen - an inert gas. The top of the silo is provided with a thatch roof of palm
fronds to reduce the effect of temperature fluctuation, while the silo wall is paimed
white to reflect sunlight and reduce absorption of the radiant heat. With this kind
of grain preservation in silo storage, all insects are killed with 3 - 5 days and grain

quality of 100% is obtained afier 2 years of storage, Agboola (1985).

"

-

(iii) Chilling: In this method, grain preservation in the silo is based on the basic
principle that at low temperature, insect hazard is seriously reduced. Mites and fungi

could also be reduced if chilling is accompanied with low relative humidity. Burrell
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2.24

(1953) basreported the successful use of grain chillers in warm climate as a means
of cooling dry grain to a temperature low enough to prevent grain insects from
producing an infestation. The term 'Chilling’ as used in grain storage has been
defined by Burrell (1953) as being synonymous with 'Refrigeration’, which involves
the passage of air over refrigerated coil to condition a passing !:ulk of air to a
temperatre usually well below ambient before blowing it into a grain bulk. Usually
the relative lnmidity is adjusted to a low level by reheating the cool air slightly with
a second warm coil, Burrell (1953). He listed other considerations important for
successful storage by chilling as: Moisture content-relative humidity equilibria,

mechanics of refrigeration, grain cooling load, and lagging material.

Tarpaulin covered stacks

This method of storage is netther traditional nor has it been classified as modern.

Its use has been reported by the former West African Stored Product Research Unit

(W.A.S.P.R.U), (1961), Hall (1963). The systems were reportedly vsed in Northern

Nigeria, the then Southern Rhedesia and Kenya The type in each country differed slightly.

The type used in Northern Nigeria is popularly referred to as groundmt pyramid with

groundmit the major product stored. According to Hall (1963), groundnuts largely for

export were stored in pyramid shaped stacks of 11,000 bags, built upon square plinths with

concrete block retaining walls filled with rubles and surfaced with sand. Dumnage of

bitumen roofing felt are used and the stacks are covered with tarpaulins in the rainy seasons.

InKerrya, the use of inflatable plastic known as air warehouse were reportedly used instead

of tarpanlin as the covering.
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2.3  Mnd as a Construction Material

Mud has been described as simply a mixture of one or several types of soil with
water, Bengtsson and Whitaker (1986). Fletcher and Smoots (1974) deseribed mud as
either silt or clay and sand with or without organic material or a mixture of any two of them
or more which contains a large amount of water. But as a constn.lctiogl material, its
compornenis, method of preparation and use have been dcscﬁbéd by several rescarchers and
organisations notably Ola (1985), Florek (1985), Jackson (1976), Bengtsson and Whitaker
(1986} UNCHS (1986) and others. Based on the summary of their presentation, mud ¢an
be defined as a paste derived from a mixture of soil and water in a certain proportion with
or without a stabilizing agent. The paste could be casted into a block and sundried giving
rise to adobe, or fired in a kiln giving rise to burnt brick. Depending on the type of
stabilizer used, the dried casted paste could be referred to as soilcrete, swishcrete, or simply
stabilized soil block. In some circumstances, the paste is casted in-situ, like in the
corstruction of rammed sarth walls, "pise de terre” walls, and "rumbu walls®. The paste is

sometimes aiso used for external rendering like ordinary plasters or dagga plasters.

According to Ola (1985), clay is nsed extensively as a raw material for the
production of buikling bricks, paving bricks, and structural tiles in manufacturing industries,
be also noted that it is good engineering practice to ascertain the suitability of a clay for an
intended use by experimentation. It is therefore necessary to know the soil properties,
methods of improvement and utilization as they affect the required structural propertiegof

the finally dried mud.
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23.1 Basic Properties of soil

The basic soil properties that are of importance to an Enginecr are those that give
indications as to the silt/clay fractions, its mouldability and other essential characters needed
inthe preparation of stabilized soil mud. UNCHS (1986) listed these basic properties as
texture, plasticity, compactibility and cohesion. Chemical tests of the soil according to ILO
(1987) may also be of importance to determine the amount of organic matter content or to

reveal the presence of an unsuspected mineral which might affect the stabilization process.

(a) Textre: The grain size distribution of a soil is referred to as its texture. It representz
the percentage content of the different grain sizes. The general description or classification
of soils according to Jackson (1976) is based mainly on particle size distribution and
Atterberg limit tests. In soils of silt sizes and coarser, particle size distribution is the main
information required. But for clays, where particle size distribution is both dufficult to
determine and less informative, the plasticity propertics give better information
(Fackson,1576). The textre of a soil is determined by particle size analysis which is simply
asieving process to determine the proportion of the rougher grains (Pebbles, gravels, sands

and silt) and by sedimentation for the fine clayvey materials.

The particle size analysis require the use of four or more sieves. The standard
procedure has been described by authors in texts and by organisations in standards and
techaical memoranda like Smith (1968), Fletc?r and Smoots (1974), Jacksen (1976), ILO
(1987), UNCHS (1986). The simplest method is that described by ILO (1987) and it
requires the vse of four sieves of different wire mesh sizes (6mm, 2mm, 0.2mm and

0.06mm). A 2Kg sample of sun dned material is weighed out and placed inside the 6mm
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sieve located at on top of the nest of sieves. By hand shaking the nest of sieves
simultancously, all the fine particle pass through the respective sieves depending on their
fincness. Those finer than the 0.06mm sieve will fall into the catchment tray. The fractions
of soil retained on the sieve by weight is classified as shown in Table 2.4.

Table 2.4 Classification of Soil with respect to Grain Sizes

Seize of Sieve Designation of the fraction

Mesh (mm) retained on the sieve (by weight)
6 Coarse and Medium Gravel
2 Fine Gravel

0.2 Coarse and Medium Sand

Catchment Tray | Combined Silt and Clay
Source: ILO (1987)

Sedimentation analysis is required to obtain more information of the goil retained
on the catchment tray. Two methods of sedimentation analysis are widely used, the first is
the simple sedimentation test described by ILO (1987) and UNCHS (1986) where a
wide-necked, straight sided and flat-bottom bottle or jar is filled to one-third height with the
soil sample, water is then added until the bottle is two-third full. Two teaspoons of salt are
added to aid soil dissolution. The bottle or jar is closed, shaken vigorously for about 3
minutes and allowed to settle for one hour. It is re-shaken again for a further two minutes
and allowed to settle for at least 8 hours. Two to three distinct layers should be observed,
a lower layer of fine gravel, a middle layer of sand fraction and a top layer of combined silt
and clay fractions. The thickness of each layer as a percentage of the total height of the soil
sample is recorded as result. This test gives a lower figure according to Bengtsson and
Whitaker (1986) than the second or laboratory method because of some silt and clay trapped

in the sand. The main disadvantage of this method is that silt and clay fractions cannot be
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determnined scparaely, and since silt behaves differently from clay, the result obtained could
be misleading, Bengtsson and Whitaker (1986).

The procedure for the laboratory hydrometer analysis is described in standard texts,
Smith (1968), Fletcher and Smoots (1974). | consists of using 50g of soil sample passing
2omnsieve. The sample is placed in a 250 mi beaker and 125 ml of deflocculant added to
it. The beaker is then covered and allowed to stand for 2 hours. The claésiﬁcation of the
soil grains in this method is more detailed and normally based on American Standards for
testing Materials (ASTM) or the British Standards (BS) as shown in Table 2.5.

Table 2.5 Sail Classification with respect to
Grain Size.

Class | Designation | Size Range (mm)
\Y Pebble 200 - 20

v Gravel 20-2L |

v Coarse Sand { 2 - 0.2

11!

I

Fine Sand 9.2 - 0.06

Siits 0.06 - 8.02
1 Fine Silts 0.02 - 0.002
I Clays 0.002 - 0.00

Source: ILO (1987}

The importance of soil classification is that an indication as to the type of
stabilization suitable for the soil could be known. Makoju and Srivastava (1985)
recommended that in a particle size classification triangle, soils most suitable for lime and
cement stabilization are those in the shaded portion shown in Figure 2.8. ILO (1987)
reconmmended that for soils of low silt/clay content (less than 20%), four to six percemt of
cenent stabilization is needed, while for those with high silt/clay content (above 30%), six

to eight percent lime stabilization is more suitable.
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(b) Plasticity: Plasticity refers to the property of a soil that makes it submit to deformation
without elastic failure characterised by cracking or disintegration. The plasticity of soil as
well as the Atterberg limits of consistency according to Smith (1958) are determined using
the "fine mortar” size of the soil (diameter of soil grains Iess than 0.4mm). The procedure
for determining these limits as described in standard texts, Smith (1968), Fletcher and
Smoots (1974) ete. isto use sample of soil with particles passing the BS 36 sieve equivalent
to the US 40 sieve (0.46mm). Liquid limit (LL) which is the soil moisture content that
corresponds to the limit of transition between the state of fluid consistency and plastic
consistency is determined by mixing the sieved soil into a paste using a little amount of
water. The paste is then placed in a standard brass dish and levelled off to get about 10mm
thick paste at the centre of the bowl. The paste is then divided into two halves using a
grooving tool 11mm wide at the face and 22mm wide at the bottom. The dish with the
paste is then subjected to blows by allowing it to repeatedly drop on a flat surface from a
height of Smm. The number of blows needed to bring the 2mm created groove to close is
recorded, the corresponding moisture content is also determined. This process is repeated
by mixing the paste with a little more water at each time, recording the number of blows and
moisture content. A graph of moisture content versus number of blows is drawn and the

moisture content corresponding to 25 blows is taken as the liquid limit,

The plastic limit (PL) which is the moisture content of the transition between the
plastic an‘ solid state is determined by rolling the soil paste used above into a thread of
approximately 3.2mm diameter. The moisture content at which the thread crumbles when

rolled to this thickness is measured and termed plastic limit.



At fiquid fimit, the soil starts to manifest a certain resistance to shearing until it stops
being plastic at PL when it becomes brittle. The range of this plastic behaviour (LL - PL)
is known as the plasticity index (PI). The combination of LL and PL according to UNCHS
{1985) specifics the sensitivity of the soil to variations in humidity and gives an indication

of a moisture range over which mwd paste could be prepared.

{©) Compactibility: The ability of a soil to be compacted to a higher density is kmown as
compactibility. For a given compacting encrgy, the moisture content for which the
compacted soil will give a maximum dry density is referred to as optimam moeisturs content
(O.M.C). Therefore too low or high soil moisture content will result in poor compaction
which is synonymous with low density, and as explained by IL.O (1986), this is because the
individual soil particle cannot come into close contact with one another, thus allowing the
presence of some air spaces between them. ILO (1986) also explained that high moisture
coutent resuits in greater flow of particles when pressure is applied, with particles being

separated by a film of moisture.

The value of O.M.C and density according to Lunt (1980) is a fimction of the seil
type, quantity and type of stabilizing agent used and method of compaction utilized.
Compaction methods as explained by Fletcher and Smoots {(1974) are based on either
dynamic or static compaction. The three basic methods of determining O.M.C are based
on dynamic compactions, these are: the drop tests, the standard proctor and the modified

proctor.
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The drop test method of determining O.M.C is on approximate method used at site.
The procedure as described by ILO (1986) is to take a handful of the soil mix, hand-squeere
into a ball and then dropped onto a hard surface from a height of about onc metre.
Shattering of the sample indicates a value of M.C below O.M.C, squashing of the sample
into a flattened mass indicates a value of M.C above O.M.C, while breakage of the sample

into four or five lumps is an indication of approximate optimum moisture content (O.M.C).

The standard proctor as described by Fletcher and Smoots (1974) is carried out by
compacting soil sample mix in a 105mmn diameter cylindrical mould with a 2.5kg rammmer
having a 50mm diameter head falling freely from a height 300mm above the top of the seil.
Compaction s effected in 3 layers, each layer being given 27 blows. After the 3 layers of
compaction, excess soil is removed vsing a sharp knife and both the compacted weight of
soil and corresponding moisture content are measwed. The soil sample is then removed
from the mould remixed with a firther quantity of water (about 2%) and the procedure of
compaction, weighing and moisture content determination repeated.  This process of
increasing moisture content and weighing is continned until weight of the compacted soil
starts to drop. A graph of moisture content versus density is then plotted to obtain the

O.M.C.

The modified proctor method is similar to the standard proctor method except that
compaction is by a rammer of 4.5kg inass falling freely from a Ifeight of 450mm with
compaction dore in five layers, Smith (1968). Fletcher and Smoots (19‘.1’4) pointed out that
while the standard proctor simmlates the compacting process of small compaction rollers, the

medified proctor simulates the compaction process common with heavy vibrated rollers.
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(d) Cobesion: The cohesion of a 50il is an expression of the capacity of its grains to remain
together when a tensile stress is imposed. According to UNCHS (1986), this property of
cohesion is as a result of the adhesive or cementatious nature of its coarse mortar which

binds the inert grains together and that this coarse mortar may be grouped into five as

follows:
A :  Sandy mortar
B : Leanmortar
C ¢ Average mortar
D : Fatmortar
E: Clays

2.3.2 TImprovement Methods on Mud Materials

Mud is improved basically by process of stabilization which according to UNCHS
(1986) is the modification of the properties of a soil-water-air system in order to obtain
lasting properties which are compatible with a particular use or application. Stabilization,
therefore, is directed at the texture and structure of the soil with the following objects:

(a) Reducing porosity by reducing the volume of interstitial voids.

(b)  Reducing permeability by filling voids which can not be eliminated.

(c) Increasing the mechanical strength (compressive and shearing) by improving

bonding between the grains.

According to Ota (1980), UNCHS (1986) and others, there are three basic forms
of stabilization.‘ These are:

fa)  Physical stabilization

(b)  Mechanical stabilization

()  Chemical stabilization
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Each of these method can be applied singularly or in combinations as explained by

UNCHS (1986). Stabilization can complicate both production process and increase cost by

about 30 to 50%, therefore it should only be considered when material is severely exposed

or when there is a strong need to increase soil compressive strength and bulk density,

UNCHS (1986).

(a) Physical Stabiization: In physical stabilization, a stabilizing agent in form of a foreign

mederial is introduced into the soil to give it new structural qualitics. Example of physical

stabilizers of practical importance are fibres and bitumen. Otber stabilizers that are not of

practical importance either becanse of cost or unavailability in desirable quantity are

vegetable oil, fats, ashes, and termite hills.

@ Fbre: Accordingto Ejch (1989), fibres used as soil stabilizers are of three types,
mamely: plant fibre in form of grasses and straw, animal fibre in form of livestock
fix or hair, and synthetic fibres in form of cellophane, steel and glass wool threads.
Akinmusuru and Adsbayo (1981) explained that fibres by their nature when
irfroduced in a mud result in a fibre-reinforced matrix which possesses high degree
of resistance to cracking and crack propagation. They explained that when a
cylindrical carth mass is sheared under triaxial system of stresses, failure takes place
along a plane inclined at an angle of (45 + ¢/2)), where ¢ is the angle of internal
friction of the soil. The placement of fibre across this potential failure planc
therefore prevents shear at the stress level with a degree of resistance proportional
to the tensile strength of the fibre. According to UNCHS (1986), fibres hinder

cracking upon drying by taking upon itself the tension arising from the shrinkage of
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the clay, thus incn:ﬁsing the tensile strength which is the most important property.
Fibre also lighten the material reducing the bulk density thereby improving the
imsulating properties,. UNCHS (1986) puts densities of fibre to vary between 20 and
30kg /m* and recommends a minimm amount of 4% by volume (which is
equivalent to 0.6% to 0.9% by weight for a soil of 1400kg/ar’ bulk density) for
satisfactory result. For rice straw fibres FAO (1982) puts the mean breaking
strength at 7.6kg for a single straw of rice and 17.0kg for a single straw of wheat,
Akinmusure and Adebayo (1981) put the tensile strength of "Okun gambari” fibre
(aplant hibre found in Western Nigeria having an approximate cross sectional area
of (0.5mm x 3mm) as 50N/mn? (this is equivalent to a breaking strength of
33.16kg). The advantage of fibre reinforced matrix is most noted according to
Ibrahim (1989) beyond failure when the matrix has cracked, but still stay together
because of the fibres yet to break. In practice UNCHS (1986) noted that fibre
reinforced bricks stay in ooe piece beyond failure point as compared to the

non-reinforced which crack and fall into scafter.

Not much has been done in determining strength properties of physically
stabilized soil. Akimusuru and Adebayo (1981) have established that 20% fibre
{okun gambari) stabilization result in an optimmm compressive strength of 1.0N/mm?
afer air curing at 25% for 2 days. It has also been generally established that ibre

stabilization cant increase compressive strength by about 15% ( UYNCHS, 1986).

(i) Bitumen: Bitmnen is usually dark brown or black and in general durable,

resistive to water vapour and many chemicals. Bitumen is used either in heated
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form, or mixed witﬁ solvents resulting in "cut-back” or dispersed in water as an
emulsion. Cut-backs” are bitumen to which a volatile solvent has been added,
making them less viscous. The solvents can be gasoline, kerosine, and naphtha
Some of the “cut backs’ dty slowly, some moderately quickly, while others dry
rapidly. They cannot be used in the rain and are flammable UNHS (1586).
Exmision on be other hand is bitumen (55 to 60%) dispersed in wafer with the help
of emulsifying agent (1 to 2%6). This agent also keeps the bitumen in suspension.
Ermilsion is atways very fluid and mix casily with soil which is already moist. They
are less stable than cutbacks and there is a danger of the water and bitumen bond

breaking down (separation).

Bitumen when used in stabilizing soil improves its weather-resisting
properties. It has also been established that there is improvement in the cohesive
properties of non cohesive soils stabilized with bitumen ILO (1987). However, for
cobesive soils or high clay soils, wmeconomically large amount of bitumen is needed
to obtain satisfactory result. Amnother disadvamtage of bitumen as noted by ILO
(1987) is its susceptibilily to break down when subjected to high temperatre like
those present in the tropics. [ILO (1987) recommends 2 to 3% bitumen stabilization

for sandy or silty soils.

(d) Mechanical Stabilizatioa: Mechanical stabilization is achieved basically by seil
compaction resulting in changes in soil density, mechanical strength, compressibility,
permeability and porosity UNCHS {1986). ILO (1987) explains that in mechanical

stabilization, the soil is mechanically manipulated, so that maximum air is eliminated by
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kncading and compressing the soil. This means that seil grains are only redistributed without

any change in grain siz¢ distribution.

Methods of achieving soil compaction include the use of foot for treading and hand
tamping equipments with compacting pressures varying between 0.05 to 4 N/aur?. For
effecttve compaction, UNHS (1986) recommends that the seil should be semi-golid or solid

paste. The procedures and processes are discussed in section 2.3.3.

Effects of mechamical stabilization on level of improvement of zoil have been
studied and findings have been made available. Fritmaurice (1958) shows that dry
compressive strenpth increase with dry density. He also noted that dry density increases with
compaction pressure and that the rate of increase is highest for an optimum moisture
content. Otla (1985) showed that there is a consistent increase in strength with increase in
compaction presswe firom 1 to 6 N/mnr' and that this result in strength improvement
depending on soil type, but always higher than 300% for compaction pressure of about 6

N/mmn’.

The findings of Florck and Ezetah (1985) also show that compressive strength increases
with both curing age and compaction pressure. Ola (1985) noted that tensile strength
obtained for compaction pressures lower than 0.4 N/mn’ were insignificant and

recommended compaction pressures of between 6 to 8 N/mm* for most economic benefits.
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() Chemical Stabilization: In chemical stabilization, materials used bave a physio~chemical
cffect on the soil, resulting in a matrix of binded grains. Fxamples of chemical stabilizers
arc Portland cement, lime and electrolyte solutions of sodium silicate salts. In practice

however, only cement and lime are used as explained by UNCHS (1986).

@ Cement: Portland cement has always been preferred for soil st;tbilization, but
due to its scarcity in some countries (and itg cost in others), and the fact that
Portland cernent cannot be used to stabilize certain categories of soils combined with
the possibility of focal and small manufacture of hydrated lime, has madelime more

acceptable and enhanced in Africa (Ola, 1977).

The quantity of cement needed for stabilization to obtamn a good result has
been put at between 6 to 12% (by weight) by UNCHS (1986). Exact quantity
depends on grain size distribution, soil structure and method of application. Ola
(1985) noted that strength and durability are increased with increase of both
cement and compaction pressure. Ola (1985), UNCHS (1986} recommended a

minirmmm curing period of 14 days in a moist environment.

(if) Lime: Lime according to UNCHS (1986), are of three types: non-hydraulic
lime, hydraulic lime and agricultural lime. Non hydranlic limes are produced by
burning very pure limestones in kitns. This resuls in quicklime (ca O) which is a
caustic maferial that mmst be handled with great care as it becomes hot during
hydration (150°C). To avoid this draw back, quick lime is normally hydrated to

obtam slaked lune (caOH), which is much safer to use. Hydraulic lime on the other
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hand is ciﬂemﬁﬁciaﬁymdmd or found naturally. While artificial lime is similar

and as costly as cemeant, natural hydraulic limes (XHN) are cheaper and more

efficient than artificial stabilizers ( UNCHS, 1986). Five basic mechanisms
according to ILO(1987) are involved in lime stabilization process, and these are:

(i Waler absorption in which quicklime undergoes hydration.

(i)  Cation exchange which gives the clay a lower affinity for water.

{ii1)  Flocaulation and agglomeration due to the cation exchange above resulting
in the formation of clusters of macroscopically small particles which makes
the mix more viscous.

(iv)  Carbonation of the lime itself as it reacts with carbon dioxide (co,) from air
giving rise to a hardening effect.

(v}  Apozzolanic reaction. This is a chemical reaction of lime and clay yielding
hydrated calcium silicate aluminate compound sunilar to those of Portland

cemert,

The first three reaction mechantisms are immediate whife the last two are
slower, cansing strength development of lime stabilized soils to take weeks, or

months and sometimes years afterwards ILO (1987).

Suitability of soils for lime stabilization depends on some factors. ILO
(1983) points out that for a given shrinkage, cement to soil ratio is a function of
compacting pressure and that for shrinkage of 25mm or more, lime stabilization is
better. Thompson (1966) listed organic |ﬁatter, clay content, clay mineralogy and

chemical propertics as factors that affect lime stabilization. UNCHS (1986) presents
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2.33

that lime has only very limited effect on soils with high organic matter content
(abave 20%0) and soils short of clay and that lime is more effective than cement for

clay-sand and very clayey soils.

Rescarches carried out showed that lime has a positive effect on soil strength.
Osman and Muhammed (1987) found that focal laterite of sudan origin stabilized
with 6 to 8% lime and ¢ompacted with locally produced mechamical press attained
a dry compressive strength of 3.4 to 4.8 N/mm? at 10 to 20% m.c. Hashim (1992)
found that 9% lime stabilization of a soil with 40% clay content resuited in a
compressive strength of 4.6 N/mn?* representing a 71.8% incrsase over a non

stabilized clay soil. Durability he noticed is also considerably improved.

Mud Preparation, Usage and Constructional Practices

The knowledge of soil properties, methods of improving their quality are important

to achieve a stronger and more durable material. The trouble taken in carcfil soil study and

stabilization selection will not be worth while if the material in the final end is not well

prepared andtilized fimctionatly with good constructional practice. This section reviews

reported methods of mud preparation, utilization and constructional practices.

{a) M preparation: In summary of various reports, UNCHS (1986), [LO (1987), Singh

and Dirisu (1985) etc, mud preparation procedure can be outlined in five steps:

(i) Excavation of the carth
(ii)  Selection of suitable stabilizer and proportion

(iii)  Pugging and mixing of the soil, stabilizer and water
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(iv)  Casting (precast or insitu}

(v) Curing

@ Excavation of the earth: For small scale production, Singh and Dirisu (1985)
fmve reported that seil is dug manually from places close to water ponds. UNCHS
(1986) reported that excavation i3 normally done dry and sometim;ss wet, but that
excavation sites are often water logged. Bengtsson and Whitaker (1986) advice that
excavated soils should be rid of large particles and lumps by sieving with 10mm
screen. For small-scale, on-site mamifacture of stabilized soil building blocks, a
mininan of 700 tomnes of soil is needed per year and trial holes must be dug prior
10 excavation to estimate quantity and suitability of soil ILO(1987). Soil profile of
the area is nommlly obtained by digging test holes of about 15cm diameter at a depth

of 2 to 3 meters.

(i) Stabilizer selection and propertion: In local preparation of mud, Singh and
Dirisu (1985) stated that grasses are used as the main stabilizer with quality
depending on experience. FAQ (1983) reports that in China, rice straw with an
average mean breaking strength of 1kg per straw is used as one of the main local
stabilizers. For modem stabilized soils, lime is selected for clayey soils, and cement
for sandy and lateritic soils.
. ¥

(&) Pogping: Method of mixing depends on the size of mix and level of available
technology. Local practice as reported by Singh and Dirisu (1985) involve the use

of foots to trample the mud paste until the grass stabilizer is well incorporated. In
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modern practice, UNCHS (1986) reported that mixing is dene mechanically using
such machines as the vertical mixer, rendering mixer, linear mixer, screw mixer and
planct wheel mixers. Comcrete mixer is poorly rated but sometimes used. FAQ
(1983) reported that in China, mud is pugged by first pruning the straw, levelling
it at the root ends and dividing into two halves. The two halves are then turned in
opposite direction and placed together to maintain a uniform size from the root
section of the first half to that of the second. The straw bundle is finally spread flat
out and soaked in the clay mud. This kind of mud is referred to as clay/straw
bundle. It has a length of about 80 to 100cm tapered at both ends. The ideal
propartion for this kind of ¢lay/straw has been pit at 1:7 straw/clay on dry weight

basis. FAO (1983), Bengtsson and Whitaker (1986).

@) Casting: According to Singh and Dirisu (1985) mud in most cases is precasted
n block formy, dried and used as bricks with mud mortar. Giles (1964) reported the
use of mud as in-situ casting in the construction of special structures like "rumbu”
ILO (1987) has also reported the use of mud as in-situ casting in the ;:onsuuction
of rammed carth wall and the mud is casted in-site by ramming it in the formwork

with heavy rammers.

{¥) Curing: Depending on type of stabilizer utilized, curing could be by hydration
or dry air. For cement stabilized soils, UNCHS (1986) recponnnended a 14 days
curing under 2 temperature of about 32° C and a high relative humidity by vsing
plastic sheet as a cover under the sun. Ola and Awoleye (1985) cured cement

stabilized mud by sprinkling water on the blocks for seven days. Florek and Ejeh
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(1985) recommended that for cement stabilized soil, there should be an initial
curing, for seven days during which time, water is sprayed every morning and
evening on the casted blocks and then covered with a cellophane sheet. This should
thenbe followed by a second curing for about 21 days during which the blocks are
allowed to dey tmder a room condition. Akimmusuru and Adebayo (1981) noted that
for straw stabilized blocks, curing by sprinkling or soaking in watér will result in
crumbling of the blocks. They further noted that curing by covering with
cellophane sheet will be unsatistactory as it will result in increased block moisture
content, they therefore recommend air drying at ambient temperature of about 25°C
for at least 8 days. Sun drying of adobe for 2 days as a means of curing during the

hot dry season has been reported as the local practice Singh and Dirisu (1985).

(b) Usage and Constructional Practices: Apart from road construction, major utilization
of nmd has been with respect to domestic building walls and in some cases, roofs and grain
storage buildings. Domestic building walls are in most cases not load bearing, and whea
they are, they basically carry compressive load. This i]as therefore made rescarchers to
focus attention on dry compressive strength most of the time. Florek and Ejeh (1985).
When mud is used for domestic walls, it is most of the time in form of precast blocks or
balls, Mele (1989). However when mud is used for roof or storage walls, it is most of the
time in form of in-sifu casting.
¥

2.3.4 Stuctural Properties of Mud

Like concrete, wud has a fresh and dry state and as a material mixed from different

constiturents, mnd can be likened to concrete |, therefore most of the testing methods for

57



concrlctc have been adopted for stabilized soils as evident in the work of Florek and Ejeh
(1985), Ola (1985), Akimmusuru and Adebayo (1981); Hashim (1992) and others. The
important propertics of mud in its fresh state is consistency, and during its drying state it is
shrinkage, when it becomes dry hardened, the important properties are hardiness, strength

and durability .

(a) Consistency: This is an indication of pastiness and paste uniformity with regards to
aggrogaies, stabilizer and water, For cement stabilized soils, mixture of the soil and cement
into paste is carried out at optimum moisture content with emphasis normally placed on
thoreugh mixing, but so far no standard method has been described or presented for
determining coustitency. For cement concrste however, standard methods like the slump
test the Vee Bee consistometer test and the compactor factor test are used to determine the

waorkability which is a reflection of consistency.

For grass stabilized soil, a lot of factors affect the required amount of water to be
used in mixing the constituents into paste. This factors include, stabilizer type, mixing
method and use of the mud. There is therefore the necessity to conirol the consistency of
mix from one batch to another as in concrete. The only method available is that developed
and described by FAO (1983 ) for China clay/straw mud. The method uses an apparatus
known as a consistometer. The consistometer consists of a 15cm cube container for hoiding
the fresh mud on to which a graduated scale is attached from where a penetrating cone
(7.5cm diameter, 15cm side length) hangs. By releasing the penetrating cone, after being
brought to rest at the top of the paste, penetration due to the cone is measured and termed

consistency.
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(b)Shrinkage: Apart from shrinkage tests reviewed in section 2,3.1 which are applicable

to goils, no other methods are known to be used for constituted mmd.

(c) Dry conpressive stremgth: This is important as it gives an indication on the amount of
load the paterial can withstand when subjected to compression load such as lintels, roof, and

roof beams.

Field and laboratoty methods used in determining dry compressive strength of nmd
are similar to those specified for congrete and sandcrete blocks as evident in the work of
Florek and Ejeh (1985), ILO (1987), Hashim (1992). The popular laboratory method is to
cast the material in a cube form at a specified compaction, have it cured and dried fora
spexified period. Compression load is then applied on the cube surface covered with platens
using a hydranlic machine that has a contrellable rate of loading. The crushing or failure
load is determined and used to calculate the compressive strength, which is the failure Ioad
per unit area of the loaded surface. The type of platen used has effect on the evenness of
load distribution during the compressive test as shown by Ejeh {1983} who recommended
acellotex platen for soilcrete samples instead of the normal steel platens. The compression
pressure also affect the compressive strength as shown in Figure 2.9. Sometimes precast
blocks of the material are used instead of cast cubes. IO (1987) recommend that in using
hydeanlic compression testing machine for crushing, load mmst be applied withont shock and
at 2 rate that will resuit in the crushing of the cube within 0-5 to 1.5 mimses which
approximates to about 0.5 to 5,0 N/mm’ for stabilized soil blocks with expected crushing
strength less than 7N/mm” and between 1.0 to 10.0N/mne” for cubes with expected crushing

strength above 7N/mnr’.
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Only ILO (1987) suggested a method for testing compressive strength of
stabilized soil blocks at site. The method suggested involve crushing 50mm cube casts with
a special site compression machined constructed of wood as shown in Figure 2.9. The basic
portion of the machine is a timber lever with a leverage length of 1676mm. The 50mm cube
cast is placed 85mm away from the hinge and a load consisting of soil in a bucket is applied
athe ond of the lever and increased with additional soil until the cube fails. The crushing
force is determine from the following equation and used to calculate the compressive

strength.

W = [Crushing force (kg) x 85 - (5 x 838)] /[1,676]
where

W = Weight of bucket or hanger and its content (i.¢. crushing weight)

The federal ministry of works specifies a minimum compressive strength of
28N/’ for precast concrste. For most countries blocks with a dry compressive strength

of 2.IN/mn?® or greater are acceptable for domestic building purposes. ILO (1987).

(d) Dry tensile sirength: Tensile strength of a material is most important when the
magerial is supporting pressure load in a plate or shell form. Very few work has been carried
out with respect to determining tensile strength of either concrete or stabilized soils. This
is because they are more often used as compression and flexural members in forms of
columns, beams and slabs rather than tensile members in form of shells and plates. MWPS
(1976) stated that concrete is best used where g is in compression but its tension strength is
also significant in some sitvations. BS .1881, part 4 recommends the split-cylinder test as
an indirect method for determining the tensile strength of a concrete material. MWPS

{1976) has discussed that true tensile strengths are hard to determine and that flexural
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tension properties have ﬁcen measured in terms of modulus of rupture by breaking
uxeinforced beams in flexure and according to them a better method for determining axial
tension is the split-cylinder test. In this method a cylinder is casted, cured and placed
axially in between platens (packing strips) on a hydranlic compression testing machine. Load
isthen applied at a rate of 1.5N/immr? per minute until the cylinder splits. The failure [oad
(p) is then used to calculate the tensile strength (5,) as follows: |

o, ={2p}/ {ndL]
where

d = diameter of cylinder cast (mm)
L = length of cylinder cast (mm)

P = splitting or failure load (N}

Torahim (1989) sinmilated a direct method that employs a hellow cylinder cast loaded
with flowable non-compactible soil grains in form of gravels or sand. Load is then applisd
simultaneously from top and bottom on the soil grains with the aid of disc plugs. This is
expected to be tramsformed into pressure acting internally on the walls of the hollow
cylinder. To allow approximate pressure distribution, the inside surface of the hollow
cylinder is madke very smooth to reduce surface friction, while the disc plugs are allowed to
bave free vertical displacement. The failure load is then converted into appropriate pressure
enabling the calculation of the tensile strength. Ibrahim's method attempt to simulate the real
case of loading grains or fluid in a cylindrical tank. The result obtained from this method
has beei? shown by Ibrahim (1989) to be closest to exact than other methods. For design

purposes, the tensile strength of concrete is normally assmned to be 0.5 to 0.7 of the

measured tensile streagth, as reported by Raynolds and Steedmen (1989).
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(e) Durability: Leng term durability of stabilized soil with respect to its resistance to
weather like rain and abrasive action of wind borne sand is important. Methods
recommended for determining durability of stabilized soils, assume that stabilization is by
limg or cement. ILO (1987) described two such methods, the water-spray test and the
dbrasive wear test. In the water spray test, water is sprayed continously for 2 hours from a
100mm diameter spray head under a pressure of 1.5 kg/cm’ onto a cured stabilized block
placed 200mm from and parallel to the face of the spray head. The block is then examined
for erosion and pitting and classified as durable if the pitting or erosion is slight, otherwise

it is regarded as non durable.

The abrasive wear test is designed to simulate the abrasive effect of wind-bome sand.
This involve brushing a casted block with a specified brush (wire brush, or mylon brush
heads) for a mumber of strokes and studying the destruction cansed. Hashimu (1992)

described this method in detail.

() Water Absorption: For buildings constructed with stabilized soil , the amount of water
absorbed per umit time 18 important, as water absorption lead to weight increase and material
weakening Two methods used are the 3nmm immersion and the complete immersion test.

Ola (1985) described both methods.

Tnthe 3mm immersion test, specimens are placed on suitable carriers, weighed and
put on a perforated plate in a second metal tank in which water is maintained at a level of
3mm above the bottom of the specimen. The weight of water absorbed in gramme by the

brick in 1 mimite is determined by weighing. Siace bricks are of varying dimensions, the
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vahe tis obtained is corrected mathematically to give IRA (Initial Rate of Absorption) in
terms of a standard bedding surface area of contact, taken as 193.55sq.cm (30 sq in).
Therefore, the IRA of a brick is expressed as the number of grams of water absorbed in 1
mimute on 193.55sq.cm. area. Similarly, the weight of water absorbed in gramme is then
determined at intervals of 1,3,7,14 and 28 days by finding the increase in weight of

specimens.

In the complete immersion test, specimens are first dried to a constant weight at
100°C, cooled to room temperature and then immersed compietely in water at room
temperature for 24 hours. The bricks are then removed firom the water, the surface water

wiped off with a damp cloth and weighed to find the quantity of water absorbed.

2.4 Types of Grain Storage Systems

According to Eaton (1980), while grain sterage structures are normally classified mnto
types with respect to the technological method of preservation, they are sometimes classified
into different types of grain storage system with regards duration and purpose of storage.
The type of system requircd will normally determine type of grain storage structne
approprizte. There has been however no standard form of classification of different systems
of grain storage but firom the presentation of several authors’ on this subjects, the following
classification can be derived.

(@) Temporary storage systems

(b) Seed storage systems and

(c) Reserve stock storage system



2.4.1 Teoporary Storage Systems: These are systems where grains are beld for temporary
purposes, examples of these as mentioned by Bailey (1974), Halter (1973) and Agboola
(1986) are : on-farm storage, drying sterage, clevators of different types for transportation,
collection poirt storage and consumer storage. In temporary storage systems, the structures
required could be sophisticated like elevators used for transportation and collection point

storage. They could alse be simple like the on-fanm, drying amd consumer storage.

2.4.2 Seed Storage System: Seed storage is more complicated than other grain storages
as not only the safety of the grain is required, but more important is its viability. Seed

storages like the temporary storage is in most cases for a duration of one year or less.

2.4.3 Reserve Stock Storage: Most of the grain storages normally embarked on, is the
grain reserve storage. According 10 Eaton (1989), there are four basic types namely:

(a) The working stock,

(b) The Buffer stock,

(c) The food aid reserve and

(d) The Emergency reserve.

() Working stack reserve: This represents a market reserve in which grain is stored for
gradual nse over the remainder of the growing cycle.

¥
(b) Buffer stock reserve: This represents a system whercby a stock of grain is held from
years of excellent harvest for use in other years plagued by poor production. This is the

typed of reserve deviced by Prophet of Allah Yusuf (the bibilical Joseph)-[May the peace
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of Allah the most High be upon him], as a result of his interpretation to Pharach’s dream.
According Allah tn the Que’an Prophet Yusuf reserved a portion of seven years of excellent
hexvest and ke wsed it during the seven years of famine that followed. According to Eaton
(1980) the actwal amount reserved by Prophet Joseph was one-fifth of ¢ach years harvest.
Bt Li Ko a Minister Wei (who lived in China in the 12 century BC), created a reserve that
combined the idea of working stock and the buffer stock reserve. As presented by Eaton
(1980), Li K'o's policy was to keep price of grain low enough so it would not hurt consumers
and high enough not to impoverish farmers. This means that he had to create a working
stock reserve to stabilize prices within the year and to further ereate a buffer stock reserve

to stabilize prices from year to year.

{c) Food aid reserve : This is a type of reserve where stock grain is set aside at anytime
(cven during a year of productive shortfail} for distribution to domestic or foreign persons
defined as needy. Examples of such needy persons could be rehabilitation centres, poor

countries etc,

() Emearpency resexve: This is a system that creates a stock to be used in despateh to asite

of naturat disaster or civil disorder.

As pointed out by Eaton (1980), these four reserve varicties can be distinguished by

the certainty of demand, rate of stock tmover, and their function, as shown in the table 2,

66



Table 2. Types of Reserve Stock Storage System

S/No | Reserve Type Demand Rate of Reseve Social
Certainty Tumover Stabilization
1 Working Stock | Relatively Disposed off Intra-year
certain within one year | Stabililization.
2 Buffer Stock Uncertain Build-up and, Intra-year
release rules set | Stabilization
time of storage
3 Food Aid Relativerly Determined by Political leverage
Reserve Uncertain need of target or bumanitarian
group use.
4 Emergency Uncertain Depends upon
Reserve what is defined ”
as emergency

Source: Eaton (1980)

2.4.4 Effect of Storage Systems on Storage Structures: As can be observed from
sections 2..4.1 and 2.4.2, both seed storage and drying storage require very special structures
and continnous attention. Reserve storage however require simpler structures that would

need little attention during its probable long duration of storage.

Grain reserve can be at domestic level, on-farm, collection point, processing plant,
local government state and federal government level, Each of this level will necessitate an
appropriate structure that may not be suitable for other levels. Depending on the type of
reserve, storage structures may also have to differ. The working stock reservi dictates that
storage stmuctures mnst be of the type that allows for easy off loading of the contents. Since

the major aim of this fype of grain reserve is that of price stabilization, the state and local
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government are more likely to be involved implying that structures could be gigantic. Since
duration of this type of reserve is normally for one year or less, acrated silos or partially
fomigated warehouses would be more appropriate than hermitic, inert atmosphere or chilled

storage structures.

The buffer stock reserve is normally for a long duration (between two to sometimes
over sevenyears). All levels from domestic to federal government {except collection points
and processing plants) are mvolved in this type of reserve.  Therefore while a very large
inert atmosphere structure could be appropriate for a federal government, it would be
economically and technically unsound as an on-farm, village, or domestic level. Itis also a
known fact that total cumulative domestic and village storage could far out weigh gigantic
but few government storages. The need to develop appropriate structures for each type of

storers is therefore important.

2.5 Performance Evalnation of Grain storage Structures
Stewart and Briton (1973) have classified performance evaluation of storage structures
irto struchural evaluation and fimction evaluation and we shall follow this classification in

reviewing existing methods of evaluating perfomance of storage structure.

2.5.1 Strm:t:m-al Assesment and Evaluation

Stuctural evaluation is directed at assessing level of stability of the physical structure
when subjected to maximum designed load capacity. The aim of any structural evaluation
is therefore to assess the efficiency of the structural design. Codes of structural practices like

the British standards on structural steel (BS449) and the ¢ode of practice on reinforced
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concrete structures (BS8110) have preseated objects of structural design which can be
summarised as follows:

That the basis of design is to achieve a structure using a proper design method that
puts into consideration, durability, workmanship and materials with an aim that such
strucure shall have an acceptabic degree of probability of performing satisfactorily during
the intended life. | |
The process of structural design is normally in five stages:

(1) Load determination which include, self, unposed and sometimes wind load.

(1) Material selection for the structural members.

(iii) Structural analysis to determine forces and moments in the structural members as
a resuit of loads exerted on the structures.

(iv) Proportioning and sizing process to achieve a structure capable of withstanding
the existing infernal forces and moments.

(v) Checking to ensure that deflection as a result of the sizing is acceptabie.

(a) Structural Analysis of Grain Storage Bin: The major problem in structural design
of silos is to predict, with reasonable accuracy, loads (pressures, internal forees), that
structures will be required to withstand during their service life (Gumbe1988). Several
“methods have been proposed for predicting the pressures in siorage bins as documented by
Guunbe {1988), but the appropriate method to be used will depend on factors like :

(1) - Bin configuration

(i1) - Type of product to be stored

(111) - Type of pressure expected.
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(® Bin configrration : Based on configuration storage, bins can be classified as either
shallow or deep. According to Stewart and Britton (1973), a shallow bin is one which
has a depth less than the least lateral dimension of the bin, other wise it is considered
a deep bin. Large percentage of farm storage bins according to Stewart and Briton
(1973) arc shallow while country elevators and terminal storage bins arc of deep
configurations, Stewart and Britton (1973) noticed that even though several theorics
have been developed to predict pressures in shallow bins, the Rankine theory is the
most widely accepted in bin design. Reynolds and Steedman (1989) presents that
shallow bins behave like a retaining wall and recommended the Rankine forvmila for

analysing them.

Rankine Equation for Shallow Bins:

Where
q, = pressurc per unit area at depth h (KIN/m*)
K;=(1 - sin@)/(1 + sinB)
8 = angle of internal friction (or angle of repose)
D = unit weight of stored product (KN/m’)

The Rankine equation is based on the assumptions that:
(1) - Pressure is caused by a sliding wedge of grain,
{2) - There is no surcharpe

{3) - Therr is no active frictional force between the stored graun and bin wall.

For deep configuration, Reynolds and Steedman (1989), Stewart and Britton (1973)

recommends the use of Jangsen's equation for computing bin static pressures.
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Janssen's Equation for Deep Bins:

q = Drftanp(l- €

Where

q = intensity of lateral (horizontal) pressure at depth h = Kq (KN/m2)

D = unit weight of stored product (KN/m2) _

r = hydraulic radius = {plan area of container)/(plan perimeter on container)
J = angle of friction between contained material and bin walt.

h = depth of grain to point under consideration (i)

K=q/qr

q, = intensity of vertical pressure at depth h = ¢ /K.

Reynolds and Steedman (1989) recommended that maximum laterat pressure (G, )
should be used for design.

Jansser’s method according to Gumbe (1988) ts based on static equilibrium of a thin
horizontal layer of stored material assuming the following:

(1) - Vertical pressures are uniform throughout horizonal plane 0

(2) - Horizonal pressures are uniform over the perimeter of a cross section.

(3)  -Thesratio ofthe horizontal to vertical pressure (K) is constant at all locations
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Formost storage bins, the walls are vertical, however situations exist where
walls are inclined as in hopper bottoms. Reynolds and Steedman (1989) treated this
case and gave the lateral pressure normal to slope of inclined surface, such as hopper
bottom (q,) as

Q= DB SO, + COF D) et e (2.23)
where

D = unit weight of material ( KN/m')

h = depth of hopper below the leve!l surface of filling

K, =(1 ~sinB )/ (1 + cos9)

8, = angle between the horizontal and the stoping surface.

8 = angle of internal friction

If the slopping wall has a weight per unit area of g, then the total pressure on the
slopping wall (q,) is giving by:

Q. =K O 48 COSQ st rmene s e (2.24)
where

K, =K, sin’Q, + cos%0,

(ii) Type of product stored: The type of product stored influences to a large extent
the Iateral pressure exerted on bin walls. Where stored grains are dry and tend to be
cohiesionless, the Rankine equation and Janssen equation will serve well. However
when the stored grain has high internal friction and teud to be cohesive, a lateral
pressure computed using the above formulae will be far in excess of the existing
pressure. Britton and Stewart(1973) recommend the use of coulomb's equation in
computing active pressures for grain with high internal friciton.

¥
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Counlombs Equation

cosccPsin( —9) 2

i |
| |

WJ sin(9 46 )ein(8 ) 2.25

g 1)

4, =Dhcosd[

where
¢y, = lateral pressure at height h. (KN/or)
h = height (m)
8 = internal angie of friction (= angle of repose)
6' = angle of wall friction
B = angle between bin wall and horizontal

But in most cases, 3 =90 and i = 0 for no surcharge, reducing the equation to :

2
q, =Dhcoed] cos? 1 226

\(coséﬁin(l} +9)eind

Coulomb unlike Rankine, assumed that wall fiiction did exist. Therefore from the
above relation, the vertical component of the wall force is:

Reynolds and Steedman (1989) state that the active pressure exerted by cohesive soils
vary gredly due to cohesion. Pressure is generally less that those due to gramular soil

except in cases of satmration where it is much greater. They recommended the use of
the formula derived by A.L. Bell.
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Active pressure for cohesive soils.
q,&X Dh—2cyK2 (2.28)

Where
K, = (1 -sinf) / (1 + sind)
¢ = Intensity of lateral pressure at depth h on vertical wall (with no
surcharge)
D = Unit weight of soil (KN/m")
C = cohesion factor (shearing strength of unloaded soil) - KN/m’
h = height under consideration (m)

According to this formula, there is no pressure against the wall down to a depth of
2¢/(D/K,). The value of C varies from less than 35KN/m’ for sandy clay to over
140KN/m’ for stiff and hard clay.

(iii) Type of pressure expected: Storage may be subjected to either a static or
dynamic pressure depending on the method of off loading stored material. Where a
hopper is used to off load material from the bin, excess or over pressure results, It is
generally accepted that the maximum lateral pressure occur in silos during emptying,
but there is disagreement as to the location and magnitude of these maximum
pressures (Gumbe, 1988). There are two approaches of determining total pressures
(i.c static pressure plus over pressures) wherever dynamic pressure exist: One is to
modity the computed static pressure using over pressure factors; the second is to

compute total pressure directly.

(1988) reported that a design over pressure factors are suggested by various
codes such as the American Concrete Standard AC1 313-77 (1977), the
German Code DIN 1055 (1964) and the Soviet Code CH-302-65 (1965) for
modifying the static pressures. These factors range between 1.3 10 4.0.
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(ii) Computing Total Pressine Directly: For practical design purposes the over
pressure factors suggested by the various codes are used, but various theories

and equations have been developed for predicting dynamic pressures which
are yet to be adequately designed. Gumbe (1988) discussed some of these
method which include:

- Jenike’s method

- Reimbert method for operational pressures tn silos

- Theirmers approach.

There are situation where the stored product is not in granular form, like the
storage of silage in silo bin. This situation also corresponds to storing unthreshed
heads of millet or sorghum in bins. In this situation, the use of the equation for freely
flowing grains may not be appropriate, for example, lateral pressure computed using
Janszen's equation was much higher than experimentally observed values for bins of
same sizss. A typical exampls computed from graphs of lateral pressures in grain bin
and silos reported in Barre and Sammet (1958), Gray (1955) is shown in figure 2.10.
Forptrposc of clarity, the graphs were combined and their units converted to metric.

It is recommended that silos for storing corn silage should be designed with
pressure computed from that due to grass silage which exert a higher pressure at same
moistue contert. In a study by Bishara (1985) reported by Gumbe (1988), the lateral
pressure distribution of silo storing silage computed using 15 different methods varied
by as much as 500%. Bishara (1985) then presented 3 equations based on studies
wing Finite Element Method for computing pressures due to silage, fine and coarse
granular material stored in silos. These equations are presented below:
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Figure 2.10 Computed and Experimentally Observed Lateral Pressures
of Shelled Corn and Silage in a Galvanised Iron Bin.

Source: Gray (1955), [with some modifications |
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(i) Silage stored in silo

_ 0464 "%
( D é)o.zs

hmax

1
=1.824 M55 3, 062 (_«g_) 3

9omax

Where
G = Maximum lateral pressure (KN/m?)

Gy = MAXimum average vertical pressure (KN/m?)
d = silo diameter (m)

h = average settled height (m)

D = unit weight of material (KN/m®)

8 = silo/ silage coefficient of friction

(2.29)

(2.30)



()Fme Gramdar Material (with average particle diameter Iess than 2. Somm)

b
1.12 ; b.23 —2h—
2, = 0.329003’3;{:‘ 200 e R 231)
)N
_ b
g, =2.063in’8D tos 4 1-e 9) (2.32)

108
Where
8 = angle of internal friction of material

h = depth at which gh, qv is being considered

(E)Coarse Gramtar Matatal(with avg particle diameter greater than 2.5mm)

1.08 s B30 ﬂ
qh=o.526cos’ani 4 (1-e ) | (2.33)
®y
2

. 112 r 091 —
- 0.746,/3:::&3 d (1—e 9) (2.34)
®""

¥

According to Reynolds and Steedman (1989),the wall of a cylindrical
tark carrying liquid or non cohesive following granmiar material is primarily
designed to resist direct tension due to the horizontal (lateral) pressures of the
contained materials. The direct tension (N) in a Rorizontal ring of uait depth

is 1/2q,d. Where d is the internal diameter of the tank.
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2.4.2 Functional Evalnation : This evaluation otherwise referred to as functionality has
to do with ovaluating the storage structure with regargs 1o nnctions Tor which i1t was
designed.

A grain bulk according to Sinha (1973) is a man made ecological system in which
living organisms and there nonliving environment interact on cach other, He further stated
that a granary structure must maintain and improved sterage stability of stored grain and
that the choice of a construction material is importaot in coatrolling temperatre and
moisture or rodents and hirds depending on the biological and geographical stability .

The moistare cotienk of stored grain bulk is dependent ou the temperature and relative
hurnidity existing in the structure. Therefore an equilibrium is always maintained between
the relative humidity temperature and the grain motstare content. The stable moisture
coniert 2 a particular relative humidity is referred to as equiltbrium moisture content (EMC)
and equilibrium relative humidity (ERH). According to Hunt and Dixton (1974),
detertoration may occur in stored grain {even if the grain is at safe and uniform moisture
content), if there is marked difference in temperature in different parts of the bulk. He
noticed that the intergranular air is not static but in constant motion through convective
currents leading to movement of meisture from warm to cooler region. This may cause the
ERH to exceed the safe level and in extreme cases, the air on striking a cold surface may be
cooled to below the dew point resulting in water condensation. This moisture may either
fall on walls of sorage structure or on surfaces of the grain bulk, thereby increasing the risk

of detesioration in that region.
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Ii is also stated by Reynolds and Steedman (1989) that a rise in temperature produces
an increase in pressure of about 2% per 10°¢. According to Muir (1973) changes in diurnal
variation affect grain temperatures in bins up to 15cm. He further noticed that in an
ueerated grain bulk of relatively unifortn moisture content, moisture is transferred mainly
by convective air curremts caused by temperature gradients in the bin. Based on the above
reasons, Muir {1973) suggested that materials for walls and roofs of grmafies should be
able to resist heat flow into the granary from high outside air temperature or solar radiation

80 as to keep the grain cool.

& can be understood from the above review that functional evaluatation of a storage
bin would necessitate evaluating it's ability to resist heat transfer from varying outside

temperature and relative humidity.

2.5 Justification For Stody

Northern Nigeria is relatively dryer when climatically compared to the southern part
of Nigeria This has contributed to the successful usage of mud structwres which is not only
gconomically viable but very durable in this region if well constructed and protected.
Rumbu, agrain reserve storage structure is constructed principally of mud. The popularity
of this structure as it is used in Northern Nigeria has been established by researchers like
Lasisi (1989), O'Dowd (1970), Bungndu (1970), Igbeka (1989) etc.

%

Some of these researchers have even gone to suggest some changes necessary to

tmprove the rumbu. However, grain reserve structures need to be voluminous and strong,

Sizing and detailing of this structure has up to now been done on estimates and experience.
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No data or knowledge exist as to the structural reliability of this struchire.  Although
researchers have also attributed some qualities to the rumbu in terms of its high thermal
capacity, no attempt has been made to show the bohaviour of this structure as it compares

with its steel and sandcrete counterparts.

If any serious improvement has to be achieved in a rumbu construction and usage
there is aneed to determine the range of structural reliability of this structure so as to use the
mud optimally. There is also the need to compare the behaviour of this structure with its
counterparts when subjected to envirommental hazards to access correctly the extent of

performance of this structures.
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CHAPTER THREE

3o METHODOLOGY

Most of the earlier studies caried out in Nigeria on grain storage structures show that
usage of mud as a copstruction material for grain storage structures is more prevelant in
Northern Nigeria This is evident from the works of Giles (1964), Hall (1 963), and others
previously reviewed in chapter two. To correctly asses the suitability of mud would therefore
necessitate undertaking a complete sindy of existing structures and construction practices
in Northern Nigeria Because of the size of Northern Nigeria and limits of both staff and
time, this would be an impossible task. A preliminary ivestiagtion was therefore carried out
first to study the coufignrtion and spread of existing structures along easily acssesible arcas
so as to have an anlaytical assesment of cxisting structures with regards structural stability.
The mvestigation will also belp inthe selection of three representative villages where detailed
study of mud preparation, construction processes and storage methods can be carried out.
After this detailed study, a laboratory investigation was then carried out to asses the
propertics of different mud constituents so as to come out with optimal of mix ratios. A
finctional evaluation was finally carried out to asses the performance of mud structure under

varying ambient conditions and as 1t compare with steel and sandcrete structures.

3.1  Preliminary Investigation : A general survey of the nunbu structureg along the
Lokoja - Abuja - Kaduna - Sgkoto - Wurno and Kawra-Namoda highway was carried out.
In doing this a questionnaire (sample in Appendix A) was designed to collate needed
information with regards stuctural configuration, stored product and history of both

structure and stored product. A journcy was undertaken from Lokoja to Abuja through
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Kaduna, Zaria ,Gusan, to Sokoto, Wurno, and Kanra-Namoda. During the journey,
wherever a rumbu or batteries of nunbu were observed in a village, a stoppage was made
to collect needed information. This process was repeated whenever there is a change in

shape, size, and frequency of occurrence.

A 30 mieter Stanley steel tape was used for measuring dimensions where structures
were of regular geometrical shapes, but where structures were geometrically irregular,
perimeters were measine by using the tape with some estimation. At sach stoppage, attention
was paid to the following:

(a) avatability of organised construction practice

(b)  availability of existing structures still in use

(¢}  availability of stored product in the structures

(d)  quantity of structures avaitable

3.2 Detailed Investigation : From the result of the general survey of section 3.1.1, it was
found that the rumbn structures along Gusau-Sokoto-Wurno-Kaura were more in quantity,
larger in size and more utilized when compared to others. Specialised builders were also
more in number and easily available atong this route. Lamba Turcta in Tureta local
goveroment of Soketo State was foimd to be a village with peculiar bistory of storage in
terms of purpose of storage, while Lugu a village in 'Wurno local government was found
to bave pyramidically shaped rombu structures in addition to the other shapes available in
other areas along this route. Wurno was also found to be about the oldest town in existence
along this route. These three villages (LLamba Tureta, Wurno and Lugu) were therefore

selected for carrying out the detailed survey of the rumbu structre vis a vis its construction
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and vse. Lamba Tureta is located about 61 kilometres to Sokoto along Gusau - Sokoto
highway, Wurno on the other hand is located about 40 Kilometres from Sokoto off
Sokoto-Kaura-Namoda highway while Lugu is located at about Skilometer into Worno
hinterland It was also discovered from the preliminary investigations that construction of
rumbu were caried out during the period of december through march, The period of
february was considered best and chosen for carrying out the detailed survey as several

structurcs are at various stages of construction.

By Rapid Rescarch Appraises (RRA), procedures for procuring coastruction material
were asked, and visual observations carried out with regards to methods of mud preparation
and proportions used. Inquiries were made as to reasons behind some of the decisions
taken. Also by visual observation, construction steps at various stages of coustruction were
studied. This stages include land cleaning, foundation, floor and wal! construstion, roofing
structure and profective cover of the structure against rain. During this investigation,
uprepared &y samples were obtained for identification and laboratory analysis. Structural
propertics like consistency, dry compressive and tensile strength were determined as outlined
in section 2.3.2, while properties like textures, plasticity and compactibility were determined

using the procednres outlined in section 2.3.1. Results are presented in table 4.6.

Procedural praxctices involved in storage of crops using the rumbu were also studied
and questions asked as to reasons for usage of such practices. Particular attention was paid
to finding out chemical treatment if any of the crops before, during and after storage. The
state of the grains presently in storage were also observed for any physical damage and

colour change, where possible samples were collected for viability test.
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3.3 Assessment of Existing Structures

To cvaluate the structural stability of amy structure, it is important to know the
possible or likely envisaged maximum stresses and moments expected within the structure,
Such stresses can then be checked against material resisting strength. This section explains
the procedure used in estimaling possible maximum stresses of documented rumbu bins.
First, the volumes and possible maximum capacities were estimated, then Ilateral pressures
due to these capacities were determined. Finally, using bin diameters and wall thicknesses,

direct wall tensions and stresses were computed.

33.1 Volumes and Capacities : Volumes and capacities of the documented rumbu bins
were calculated by approximating the bin shapes to standard known configuration, making

assurnptions with respect to type of crop stored and whether threshed or unthreshed.

(a) Volumes : From the results of the initial imvestigation, the shapes of the rumbu bins in

use were found to be of four types namely :

geometrically shaped cylinder (S1)
geometrically domed cylinder ($2)
geometrically imperfect sphere (33)
geometrically bi-sected pyramid (S4)

To estimate the volumes, the configurations S1 and S2 were treated as cylindrical
shells, while 33 and 4 were treated as a perfect sphere and a cuboid respectively. See

Figure 3.1. ¥
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(d) Capacities : Three different capacities were used to compute the different possible
lateral pressures. The first capacity was based on results of the preliminary investigations
shown intables 4.1 to 4.5 where capacities (in bundles) based on estimates given be owners
of the nzmbu bins were documented. The second capacity was based on computed volumes
and bulk density of unthreshed miliet head, while the third capacity was based on computed
volumes and bulk density of threshed millet grains. In determining the bulk density of

wihreshed millet head, a wooden crate having a dimension 1.8m x ¢.5m x 0.2m was used.

3.3.2 Lateral Pressures : Lateral pressures were determined using the Rankine method
suggested by Reynolds and Stecdman (1989) and reviewed in section 2.4.1. In carrying out
the analysis the rumbu bins were classified into three categories :

(a) bins of vertical wall
(b) bins of positively inclined wall
(¢) bins of positively inclined wall

(a) Vatically Walled Bins : Both shapes S1 and S2 were treated as cylindrical bins
and therefore vertically walled. The three different lateral pressures due to each case of
the capacitics were then calculated.

(i) Case-1: Lateral pressure (gl,) due to unthreshed millet, based on owner estimated
capacity. Recall Rankine equation (2.20),

qh = K@)k N/m’)
Where K,= (1L ~sin@)/ (1 +sin 6)
8 =angle of internal friction
h =height of wall (m)
D, = unit weight of unthreshed miliet based on capacity given by rumbu owner.
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(ii) Case-2 : Lateral pressure (ql,) due to unthreshed millet, based on determined
volume and bulk density.
ql-_. = K;(Dp)h (N/m?)
Where
D,. Unit weight of unthreshed millet (= 2.3 KN/m®)
(iii} Case-3 : Lateral pressure (ql;) due to threshed millet, based on determined
volume and bulk density.
gk = K;@Oph (')
Where
D,.  Unit weight of threshed millet { = 6.3 KN/m")
(b) Positively Inclined Walled bins : The S3 shaped rumbu bins were treated as bins
with positively inclined walls carying 1oad both by friction and directly, and in the same
mancer a8 above, the different tateral pressures (qi,,, gt ,, and gt ;) were calculated for

unit weights of D1, D2, and D3. Recalling equation (2.24), the corresponding equations

therefore becomes:
qh, =K, (D;)h
ql:n =K, (D, )b
qls, =K, (B;)h
Where K, =K, sin®® + cos®

8 = angle of inclination
(c) Negatively Inclined Wall Bins : The S4 rumbu bins were treated as negatively
metmed walls. No lateral pressures were calculatgd for this situation as no load from the
grain or unthreshed miliet act on the wall. ’
Values of (8) : The vatues of angle of internal firiction (approximately equal to angle

of repose) is a fimction of material dryness and flowabtility. For unthreshed millet,



storage is reported to be carried out (as described in  section 4.1) by arranging the
unthreshed heads inside the rumbu and compacting it by human weight indicating that
flowability of the material is close to nil. The angle of repose or internal friction will
therefore play an insignificant role and can be safely assumed as 70 degrees. For the

threshed millet, the value of (8) was determined to be 27 degrees.

333 Diect Stresses : The direct tensions and stresses of the bin were calculated in

the manner recommended by Reynolds and Steedman (1989) as carlier reviewed in

section 2.4.1

(a) Direct Tension (N)
(i) For vertically walled bins, the direct tension (N) is given as :

N =(q.d) / 2 (N/meter height)............cccocnnirne (3.1)

(Reynolds and Steedman, 1989)

(i1) For bin walls with inclination, the direct tension (N) is given as :

N = VE0SECD .oiiieeceiiecis s ieesaeianesaensannenns (3.2)

(Reynolds and Steedman, 1989)
Where
V=F,/(nd)
F, = weight of the material above the slanted portion

d, = effective diameter of the slanted portion
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It is safe to assume that the slanting surfaces practically supports half of the

load, while the remaining is supported by the floor, therefore:

F = DE3/16) AR e rsecsemsssacsnmane (3.3)
N = (3/16)dhcosech ... reeeeenes (3.4)
(b) Tensile Stresses :

The tensile stresses (0) were calculated using the wall thicknesses.

O=N/tx1) (N (3.5)
Where

N = direct tension in Newton per meter length

t = thickness (m)

= one meter as a unit length

3.4 Material Investigation

3.4.1 Mud : From the preliminary investigation, it was found that major varying factors
in nud preparation were type of stabilizer, water- soil ratio, and period of settlement. Even
though grass was the major and most relied stabilizer normally used it was clear that type
vsed was maialy dependert on Ievel of availability, but thiner straw grusses were generally
favoured. An experiment was therefore designed where to study effect of stabilizer type,

stabilizer-soil ratic water-soil ratio and settiement.

3.4.2 Stahilizer Sdection : From the commercially available grass stabilizers in Zaria, one
sach of thin and thick-stalked similar to those being used at the studied sites were selected.
The thin-stalked being summer grass while the thick-stalked chosen was rice straw. Summer

grass is physically a thin grass that stretches on the ground with each node forming a root.
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It is not uncommon to find it growing in stretches of over one meter. it has an average
diameter range of 4.0mm when wet and 1.0mm when dry. It is not easily cut or broken
manually when dry except at the nodes. Rice straw is physically of a thick stem when
compared to the summer grass, growing upright into the air. It has an average diameter of
about 7 mm when wet and 2.5mm when dry. It takes less effort to break or cut the rice

straw when compared to the summer grass.

3.4.2 Sail selection :  Four types of soil were found to be commercially available in
Samaru area , these are the potters clay soil, sand, the builders lateritic red soil and the
builders lateritic dark brown seil. The builders lateritic red soil found at a popular
excavation site in Giwa (about 15 km from Samaru along Zaria - Sokoto road) was selected.
Basic soil properties like textire, liquid and plastic limits, optimum moistire content and max
dry density were determined in the Civil Engineering laboratory of Ahmadn Bello

University. The standard procedures earlier outlined iz literahue were used.

3.4.3 Designed Experiment : The purpose of this experiment was to quantify the cffect
of water-soil ratio and grass-soil ratio on the quality of mud. These ratios were therefore
varied o four levels within a domain that covered the present practice. The water- soil ratio
was varied from 20.0t0 35.0% at 5% increment, while the grass- soil ratio was varied from
0.0t0 1.5% at 0.5% increment. This resulted in a sixteen point test conditions as shown in

Table 3.1 4
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Table 3.1: Levels of Variables in the Experiment

Sample (a) Original Units (b) Coded Units
No of Variable of Variables
Test Grass Water | Grass Water
Condition | Stabilizer(%) | (%) Stabilizer
1 0 20 0 0
2 0 25 0 1
3 0 30 0 2
4 0 35 0 3
5 0.5 20 1 0
6 0.5 25 1 1
T 0.5 30 1 2
8 0.5 35 1 3
9 1.0 20 2 0
10 1.0 25 2 1
11 1.0 30 2 2
12 1.0 35 2 3
13 1.5 20 3 0
14 1.5 25 3 1
15 1.5 30 3 2
16 1.5 35 3 3

3.4.4 Sample Preparation : For each of the test nm, a fresh mud sample was prepared.
The preparation was carried out in five stages. First, a 10Kg of the soil was weighed out,
with the corresponding amounts of grass stabilizers and water .The soil clods was then
broken and the grass straws chopped into short lengths of between 2 to 3 cm. The soil,
water, and grass stabilizer were then mixed properly into a smooth paste. The paste
consistency (PC) of the mixed mud was measured after which the first set of cubes and

cylinders were casted as samples of unsettled mud. The remaining mud paste was left ina
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sealed plastic bag for twee days to allow for settlement, after which the second sets of cubes

and cylinders were casted as samples of settled mud.
3.45 Determmination of Mud properties

(a) Consistency: The method of consistency determination using mud.corlsislmnetcr
sugpested by FAO (1982) described carlier in section 2.3.4 was adopted for utilization in this
experiment. The nmud consistometer was constructed and preliminarily tested for mud pastes
over a range of water- soil ratio. Results obtained shows that there was hardly any
measurable change for water- seil ratio variation between 30% and lower. The
consistometer was therefore modified by reducing its cone diameter but maintaining the

same weight to allowed for higher penetration and hence easily measurable values.

In using this instrument (see Figure 3.2), the cone was first raised and held in
position with the aid of 2 wing screw, the nmd paste to be tested was then poured into the
cubical container until full and compacted with hand. The cone was then released gently
until the cone tip touches the top of the paste, the position of the needie indicator on the
ceptimetre graduated rule was noted. The cone is then fully released and the final position
of the needle indicator was also noted after one minute. The difference in the two readings
(i.c the cone depression) is recorded as the paste consistency (PC). This procedure was

repeated for every batch of nmd and detailed results are presented section 4.3,
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(b) Shrinkage Test : The knowledges of mud shrinkage as it varies with type of stabilizer
and moisture content is very important. No method has however been proposed for
determining the shrinkage ratio of grass stabilized mud. The standard method using a 10cm
long bi-sected cylinder to determine linear shrinkage (1LS) of unstabilized mud desciibed in
section 2.3.1 of the literature review was medified by increasing both the length and
diameter of the instrument. The length and diameler were increased from 10§m to 20cm and
10mm to 20mm respectively. In using the modified instrument, the container was filled
with fresh mix from each batch, hand compacted and levelled with a knife. The container
with the mud was then dried in the oven for 24 hours. The reduction in length divided by
the original length was recorded as shrinkage ratio (SR). The results are presented in

section 4.3.

{c) Dry compressive strength : The pepular method of cube casting and crushing
normaly used for concrete mix was used for this test. Toe ensure uniformity of mix and
compaction pressure, the smallest cube size (50mm cube) suggested by ILO (1987) was

used.

Mould used in casting the cubes was constructed from galvamized mild steel to an
mternal dimensions 50x50mm, while plates measuring 48mm x 48mm and were also cut
to serve as a plungers. In casting the mud cubes, freshly remixed sample prepared as
explained in seci.:lon 3.2.4 was used. The mould was lubricated with used engine oil and
placed on the base plate which itself is also placed on a flat bathrootn weighing balance (0.5
kg sensitivity), the mud is then poured on to the mould until fisil, using the plunger, the mud

was compressed util the weightng balance reads 20kg this compression was maintained for
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ooe minuke after which the plonger was then pushed against the handle of the mould to have
the mould removed leaving the fieshly casted mud cube on the base plate. The assembly
of the mud cube and base plate was then weighed and cured by drying in the laboratory
under afan for at least 3 weeks. Curing was assumed completed when no change in weight
was observed for three to four days. It is worth meationing that all cubes were casted during
| the months of December, January and February when the ambient relativ.c humidity was
always lower than 30%. Finally the curcd samples were weighed and measursd. The

pictuers of some of the cured samples are shown in Figure 3.3,

Using the MFL automatic universal hydranlic testing machine available in the Civil
Engincering laboratory of Ahmadu Bello University, the cubes were loaded in compression
at the rate of 0.2 N/mm*/min until it fails. Cellotex packings as suggested by Ejch (1984)
were used as platens. The crushing loads (P) were recorded and later vsed in calculating the
dry compressive strength (o,)

Where o = [crushing load (P)] / [loaded surface area (A)] {N/mm®)

Results are presented in section 4.3.2.
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Figure 3.3 Picture of some of the casted and cured samples
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(d) Dry Tensile strength : The indirect method of tensile streugth determination using
casted solid cylindrical specimen as recommended by BS 1881 part 4 of 1970 was used in
conjunction with the direct cylindrical ring method used by Ibrakim (1989) to test the tensile
strength of fibre reinforced concrete.
(1) The indirect method :  Using each of the re-mixed batches of mud, solid
cylndrical muds were castcd.along,side the casting of the mud cubés. Galvanised
won pipe of lengthand diameter served as the mould while a diameter disc served
as the plunger. The solid mud cylinders were casted and cured in the same manner

as for the mud cubes,

The same hydrantic machine used for the mud cubes was employed except
that the cylinders were loaded laterally by placing it horizontally in between the
cellotex packing strips. Load was then applied at the rate of 0.2 N/ma/min until

the cylinder splits. The splitting loads (P) were recorded and used to calculate the

corresponding tensile strength (ot).

o, =[PA(n.di/2)] N/mm?)

Where
P = splitting load (N)
n.d.I2 = approximate effective area (mm?)
d = cylinder diameter (mm)
[ = cylinder length (mm)
[

(i1) The Direct Method : As for the cylindrical ring method, special moulds were
comstriicted and the same mud mix used to cast the cylindrical ring. One cylindrical

ring was casted for each batch of mud mix and cured like the other samples. The
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same hydraulic testing machine used above was employed. Sand grains were
however used as the ring pressure distribution material instead of gravel used by
Ibrahim (1989), while plywood plugs were used as platen instead of the concrete
plugs vsed by Ibrahim (1989). These changes were necessary as mud weaker than
concrete and could therefore fail promaturely if gravel grains and concrete plugs
were used.  The loading arrangement is shown in picture of Figure 3.4). To
obtain an approximately uniform pressure distribution through the cylindrical ring
height, it was necessary to equalise the load from the two ends of the cylindrical ring.
This wis achieved by allowing free vertical displacement of the two plywood plugs
placed at the top and bottom of the ring. Ibrahim (1989) has presented that for
smooth internal ring surface, friction between the surfaces and the aggregates are
small when compared to the lateral forces and can be neglected. The two disc plugs
were averagely 10mmn less than the internal diameter of the ring to allow for free
movement of the plugs. Paper packings were also provided for the gap between the
plywood plug and internal wall of the cylindrical ring. This is to disallow the gap
been filled up by the sand grains. The vertical load was applicd at an incremental
load of 0.5 KW until failure and circmmnferential strain readings were monitored at
mid beight of the specimen to ensure balanced loading. The loading patterns of both

the direct and indirect method are sketched in Figure 3.5,
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Figure 3.4 Picture of the Loading Arrangement During Direct Testing of

Tension using Cylinderical Shell.
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(€) Durability Test : Two methods were used to assess the relative durabilities of the mud
sampies. These were :
(i) The water absorbtion method

(ii) The modified brush method

(i) The water absorbtion method : For this test, one cube from each batcﬁ of mud sample
similar to those used for the compressive test was selected and oven dried for 24 hours at
atemperature of 130°C then weighed. The cubes were then placed in a 2mm thick carriage
assembly and inserted in a Smm deep tray full of water. The tray was continuously kept
overflowing giving an effect of 3mm immersion on the mud cubes. Using a stop watch, one
minute immersion was monitored after which the carriage assembly was removed and
allowed to drip for S minutes. Each of the sample was then weighed to determine the weight
of the water absorbed in grammes. The weight of the absorbed water was then expressed
in relation to a standard bed surface of 30 sq.in (19355mnr®) to get the value of Initial Raie
of Absorbtion (.I RA). Thatis:

IRA=(AxXW,)/19355
Where
A = actual bed surface of cube having contact with water (mm®)
W, =weight of absorbed water (gm)
19355 = standard bed surface area (mnr)

Each of the sample was then placed in a standard fiiter paper jacket, and replaced

L4 .
in the cariage assembly. The carriage assembly was immersed as before and removed at 10,
26, and 30 mmutes to determine amount of water absorbed by the samples. The use of the

filter paper was necessary to avoid loss of the disintegrating portion of the sample due to
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long duration of immersion. The weight of a soaked filter paper was determined and always
subtracted.

(i1) The Brushing Method: The brushing method was modified to suit the fragile and casily
erodible nature of the mud samples. A 200mm x 100mm x 50mm polystyrene block was
employed instead of a steel wire brush.  Five strokes and one cycle of immersion was used
instead of the normal twelve cycles. The blocks were also immersed at 3mm depth and for
only thirty minutes as against the normal 24 hour complete immersion before brushing. The
brushed samples were dried in the oven for 24 hours, and weighed to determine the
percentage loss.

The results of both methods are presented in section 4.2

3.5 Comparative Evaluation

This section of the research was necessary as a means of objectively evaluating the
performance of grass stabilized mud as a storage material. There is for example the need to
discuss the obtained result with regards to structural strength and durability in the light of
other similar materials like lime and bitomen stabilized mud. There is also the need to
compare the functional behaviour under environmental changes with other commonly used

storage construction materials.

3.4.1 Structural properties : Present recommendations on other stabilized materials like
lime and bitumen stabilized lateritic soils are based on conditions that soil used shall be
sieved and blocks are casted using compression machines that aids the compaction effort.
To compare obtained results with such other materials will therefore require that samples

be prepared locally under the same condition. Based on these facts, experiments were
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therefore designed to compare structural properties of grass stabilized mod against lime and
bitnmen stabilized mud prepared under similar conditions as earlier outlined in section 3.3.

Structural properties evaluated were consistency of fresh mix, linear shrinkage,
compressive strength, icnsile strength and durability. The proportional mix ratios used for
the samples were based on the result obtained for grass stabilized mud presented in section
4.3, while for lime and bitumen stabilized samples, the ratios were-bascd on the

recommicndations of ILO (1987). These ratios are shown below in tabie 3.2

Table 3.2 Mix Ratios of the Comparative Mud Samples

Sample | Stabilizer Type | Water-Soil | Stabilizer-Soil
No Ratio (%) Ratio (%)
1 Summer Grass 25 1.5
2 Lime 19 7
3 Bitumen 3 14

In preparing the mud samples for the above test, it was not possible to obtain soil
from the original sight as excavation at that site had been officially stopped. Soil was
therefore obtained from the new excavation site of the same village. However since this is
a comparative test, the effect of this change will have no overall effect on the results. The
mechanical and structural propertics of the soil and mud were determined as cariier

described in section 3.2.
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3.4.2 Functiomal Evaleation : Ir carrying out a functional evalvation, simulated
environments was employed to determine the comparative resistance offered to heat and

moisture transfer by mud, galvanised steel sheet and sandcrete hollow blocks.

Simulated Environment : Three small bins of approximately 0.05m3 were constructed
using mud, steel and sandcrete hollow blocks. They were then individually subjected to
externally varying temperatures and humidity by application of heat and moisturised air.
Relative humidities and temperaturcs for both the internal and external of the bin were
monitored against time. To maintain an externally wniform condition, a collapsibic
environmental chamber was constructed to house the bin inder test with both the heater and
humidifier. The environmental chamber walls were constructed with a 12mm thick plywood
and lined with a 25mm thick polystyrene sheet insulator. The base of the chamber which is
scparde was made up of a Smm mild steel sheet layed on a 75mm thick wooden table. The
top cover was also made up of a 12nm thick plywood lined with a 25133111 plysterens sheet.

See Figure 3.6.

A "Kaloric” electric beater and a "Super Cool™ humdifer were used to apply the heat
and the moisturised air respectively, while the temperatures and humidity were measured
with thermohydrographs. The picture of the setup is as shown in Figure 3.6, while the

sketch showing the dimensions of the chamber is shown 1n figure 3.7.
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CHAPTER FOUR

RESULTS AND DISCUSSION

This chapter present the results of the work doge, its analyses and discussion. The
presentation is in four sections. The first section present the results obtained from the
preliminary irvestigati on with regards the presem state of art in usage, construction practice
and spread of the rumbu bin. The second section present results of assesment carried out
on existing structures with regards to capacities, bin {ateral pressures and bin-walf stresses
of existing rumbu bins. The third section concentrates on the results, analysis and discussion
of the [aboratory experiment carried out to investigate some aspects of mud as a construction
material with regards to strength and durability. The last section present results and
discussion the comparative evaluation carried out between grass stabilized mud and bitumen
or lime stabilized mud with regards strength, and between mud and steel or sanderete with

regards resistance 1o ambient changes.

4.1 Preliminary Investigations
From both the questionnaires admimstered and the rapid rural appraisal (RRA)
carried out, four factors were found to vary significantly. These are:

(1) shupe and size of structure,

(ii) number of structures per family,
(i11) expected life of structure,
(iv) stored commodity and duration.

The above factors were found to change from one location to another with minimal
differences within a zone of about 50 to 80km distance. These changes were fither found
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to follow some trend as one moves from Lokoja towards Sokoto. The results are therefore
presented with regards to five artificially created zones, namely:

(a) Lokoja-Abuja route zone (LLA)

(b) Abuja-Kaduna route zone (AK)

(¢) Zaria-Gusau route zone (ZG3)

(d) Gusau-Sokoto route zone ((GS)

(e) Sokoto-Wurno-Kaura zone (SWK)

(a) Lokoja-Abuja Route: Along this route most of the rumbu bins were observed to be of
cylindrical shapes with diameters ranging between 0.6m tol.0m and vertical heights that
ranged between 1.8m to 2.0m. The shell thicknesses were found to be abowt 12cm. The
rumbu bins in this zone were generally raised about 20cm above the ground with the aid of
large stones. The openings are at the top of the bin and were as wide as the mid section
diameter, while the roofs are made of tathces that were fastened to a conical truss. The
configuration details are presented in Table 4.1,

It was leamnt in places like Orehi, Gegu-Beki, and Abaji that most of the rumbu bins
were owner constructed and that the procedure of construction is as for domestic buildings.
On the average, about 25% of farmers in this Zone own a unit of rambu, and it was rear to
find farmers owning more than one unit. The bins were normally located at the frontage of
the house and owners have put their life span at a maximum of about five years, with some
failing prematurely afier one year. Farmers in this zone were basically involved in
commercial cultivation of tuber crops like yam and cassava, while maize, guinea corn, are
usually grown for consumption. Different crops were found to be stored together in the

bins.
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Tallle 4.1 Configarations of Typical Rumbu Bins Along Lokoja-Abuja (L.A) Route*

S/No Labet | Shape P VL TH | Capacity Crop
o B m) | @ | (om) | (oundies) | stored
1 1Al | st (33 |21 | 121 ] - mixed
2 a2 | st |39 |23 | 132 - 1.
3 a3 | st |37 {24 | 108 | - .
4 1A+ | s1 |38 |25 | 123 ] - .,
5 tas | st }3s {23 |2s | o- .,
6 1A6 | s1 | 38 |24 | 120 | - ,
S1 = geometrically perfect cylinder ¥ = Perimeter of Mid Section
VL= Vertical Length of wall TH = Thickness of wall

» This zone belongs to the guinea savannah and it is the most raiuy of the areas
mvestigated, this probably explains why more mbers are grown. The heavy rain combined
with owner construction normally of low skill and devoid of expertise could be the reason

for the small life span and the sometimes premature failore that results.

(b} Abmja-Kaduna Route: Along this route, rumbu bins were observed to be of two
shapes. There is the cylindrical shape like in the previous zene and a spherical shape that is
not geometrically perfect which were common around Tafa village. The cylindrical shapes
were however more common in this zone and had diameters ranging from 1.0m to 1.7m
with vertical heights between 1.9m to 2.8m. The shell thicknesses ranged begveen 4¢m to
12cm while the roofing patterns were like those of the previous zome. At the time of
invm?lgation, most of the bins were empty except for few that had different crops mixed in

the bins. Configuration details of typical representative bins are presented in Tabie 4.2.
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Table 4.2. Configaration of Typical Rumbu Bins along Abnja-Kaduna (AK) Route.”

S/No | Label Shape P VL TH Capacity Crop
@ | (m | m) |undes)| stored
7 AK1 S2 5.1 2.7 14.1 - mixed
AK2 S1 5.6 2.9 12.1 - "
9 AK3 S2 6.2 2.0 9.3 - "
10 | AKe | s1 5.5 2.8 11.4 - .,
11 AKS S1 54 2.2 12.0 - .
12 AK6 31 5.2 2.6 13.1 - »
13 AK7 32 54 2.6 10.1 - .
31 = Geometrically Perfect Cyimnder P = Permeter of the widest cross section (m)
52 = Geometrically Domed Cylinder VL = Vertical Length of the wall (m)
S3 = Geometrically imperfect Sphere TH = Shell or Wall Thickness (cm)

(¢) Zaria-Gusau Route: The rumbu bins along this route were much bigger than the
previous ones. Most of the rumbu were either cylindrical or spherical in shape, but like in
the previous situation, the spheres were not geometrically perfect. The diameter for the
shrpes ranged from 2.1m to 3.2m, while their vertical lengths varied between 2.9m to 3.2m.

Dimensional configurations of the typical cases are presented in Table 4.3,
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Tal® 4.3 Configuration of Typical Rumbu Bins along Zaria-Gusau (ZG) Route.*

S/No | Label | Shape | P VL TH Capacity Crop
(m) (m) (cm) | (bundles) | Stored
14 ZG1 S1 7.8 2.4 4.7 60 Sorghum
15 | ZG2 S3 8.7 2.6 4.7 50 Maize
16 | ZG3 S1 10.0 3.2 4.8 70 &
17 2G4 S3 12.0 3.9 4.1 120 Millet
18 | ZGS S2 11.4 3.2 4.2 100 .
19 | ZG6 S2 12.3 38 4.4 100 Maize
20 | ZG7 52 12.0 3.8 4.0 100 Millet
51 = Geometnically Perfect Cylnder P = Penimeter of the widest cross section (m)
S2 “pleometrically Domed Cylinder VL = Vertical Length of the wall (m)
S3 FGeometrically Imperfart Snhara TH = Shell or Wall Thickness (cm)

LeviL Ul.ll.ﬂ-ll L3

The rumbu bins in this zone were found to be classified by the natives as among
“special structures™ that are generally contracted out to special builders known as expert
builders within a building clan. Other structures considered to be special are Mosques and
King's palaces. Farmers in this area grow maize, sorghum and millet on commercial bases,
but mainly store sorghum and millet. Most of the rumbu bins are located in family
compounds making them not casily seen along the highway. Unlike in the previous Zones,
most of the bins were found to contain single crop at full capacity, most farmers in this
zone also had between one to faur units of bins in the family compound. Duration of storage
is saidto be between six months to one year for maize and about a maximum of three years
for sofuun (nmjor crop of storage). Most owners interviewed put the life span of the bins

at between ten to twenty years.
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(d) Gusau-Soketo Rente: Along this route a rumbu bin or battery of rumbu bins were
fould every ten to fifteen kilometre distance along the highway. Rumbu bins in this zone
were of two shapes, domed-cylindrical and spherical with the spherical configuration

domina;

The spherical shaped bins had mid section diameters varyiog from 3.5m to 5.1m,
wall lengths of between 3.2¢m to 5.3cm, shell thicknesses of 4.2cm to 7.8 cm and well

defined mnd floors raised 20 to 30cm above ground level with big stones.

The domed-cylindrical shaped bin had mid section diameters ranging between 5.0m
to 6.0m, wall lengths of between 3.4m to 6.0m and shell thickness of 7.5cm to sometimes
20311 While some of the domed cvlindrical shapes ware raised above the ground floer with
stones, some were built on raised concrete floors having convectional strip foundations.
There were however some that were built directly of the floor. The dimensions of some of

the rumbu bins documented are in Table 4.4.

The roofing of the bins in this zone were of two tiers, a lower tier in form of a skirt-
covering made from grass tatches and a top tier in form of a normal thatched roof made up
of grass tatches tied to a conical corn stalk truss system. Like in the Zaria-Gusau zone,

rumbu bins are classified as special structures contracted to expert builders.
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Table 4.4 Configuration of Typical Rumbu Bins along Gusaun-Sekoto Route.*

S/MNo Label Shape P VL TH Capacity Crop

(m) (1) {cm) (bundles) Stored

21 GS! S3 19.8 5.7 8.0 300 Miliet

22 GS2 S2 20.2 5.7 75 350 ”

23 GS3 S2 21.0 6.0 20.0 350 ”

24 G54 32 20.1 6.1 20.0 356 Beans

25 GSS S1 10.7 3.4 17.0 100 Sorghum

26 GS6 S3 18.2 5.1 6.0 300 Miliet

27 Gs7 83 16.7 54 8.5 300 .

28 GS8 S2 16.5 5.6 6.2 250 "

29 GS9 82 18.7 5.2 7.3 300 .

30 GS10 52 15.1 5.1 5.1 200 -

31 Gs11 S2 12.4 3.7 3.7 200 "

32 GS12 S3 10.5 © 32 3.2 100 ”

31 = Geometncally Perfect Cylinder
52 = Geomeinically Domed Cylinder
33 = Geometrically Ttmperfect Sphere

P = Perimeter of the widest erofs section {m)
VL = Veriical Length of the wall {m)
TH = Shell or Wall Thicknese {om)

Most family compounds in this zope own rumbu baneriés of three to pine vnits
normally located conspicuously in front of the faumily house. It was leamt:that apart from
its basic use as a storage structure, the rumbn bin in this area serve other purposes. These
purposes inclnde wealthiness, level of resistance of a family in case of famine,
marriageability and aesthetics. Farmers in this zone were found to grow mainly millet, some
sorghum, groupdmit and beans, but millet is said te be favoured both for cultivation and
storage because of its resistance to draught and insect infestation dunélg storage. Duration
of storage for millet was put at seven to nine years, while life span of;ile rumbn was put at
between twenty to fiflty years depending on maintenance of structure, thatched roof and

skirt.
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(e) Sokoto-Wurno-Kaunra Reute: The rumbu bins in this zoue is much the same

as the Gusau-Sokoto zone except in three respects only. The first is that, a fourth structural

shape of incomplete rumbu bins were found in lintited quantity within this zone. The second

is the higher quantities of rumbu unit per family, and the third is that only millet was found

to be stored in most cases within this zone, The configuration of the typicai rumbu bins as

documented are shown in Table 4.5.

Table 4.5 Configuration of Typical Rumbu Bins along Sokoto-Wurno-Kama Roate®

SMNo Label Shape P VL TH Capacity Crop
(m) (m) (cm) (bundles) Stored

33 SWK1 54 20.8 5.6 10.1 300 Millet

34 SWK2 S4 21.6 5.7 10.0 300 »

35 SWK3 32 15.4 38 7.5 150 ”

36 SWK4 S2 16.2 3.7 4.2 150 »

37 SWKS S 18.4 5.2 6.5 250 »

38 SWKé6 S2 18.2 3.4 6.6 230 »

39 SWK7 S3 15.7 3.7 10.4 200 »

40 SWKS 53 16.8 3.7 10.2 200 »

34 = Geongetrically meomplete Pyrarmd
52 = Geometrically Domed Cyfinder
53 = Geomelrically Imperfect Sphere

P = Penmeter of the widest cross section (o)
VL = Vertical Length of the wall {m)
TH = Shell or Wall Thickness (cm)
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4.2. Detailed Investigation: The study undertaken in Lamba Tureta, Lugn and Wurno of
Sokoto state showed that construction and storage practices are the two major areas that

cover the art of storage using mud structures.

4.2.1 Construction Practice: The construction of a rumbu bin was found to involve six

stages as follows:

(a) Site selection and preparation,

(b) Material selection and estimation,

(c) Mud preparation,

(d) Construction of foundation-floor assembly,
(e) Shell construction,

() Finishing and roofing.

(a) Site Sdection and Preparation : The duty of selecting site for the construction of a
new nmbu bin is normally lefi to expert the builder who has been contracted to build the
structure. Factors used by the expert builder in selecting a site include the following:

(i) Good drainage,

(ii) Visibility of the structure (frontage of family compound is

preferred) ,

(iii) Neamess to an existing rambu so as to form a battery,

(iv) Freedom of site from termite infestation,

(v) Visible hardness of the pround surface.

In thus particular study, the site was close to an existing bin belonging to the owner.

The site was cleared of top vegetation and some of the organic soil. It was lcamnt that for

tenmite nfested sites, used eagine oil or a poisonous chemical is first sprayed at such a site.
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() Material Selection and Estimation : All the materials to be used were carefully listed
by the builder, and the quantity likely to be needed estimated. In estimating the quantities,
the builder based his judgement on a so called standard unit of rumbu, which should hold
about 200 bundles of millet. The builder explained that bins normally constructed were
designed to hold either 1060, 200,250 or 300 bundles at maximum, but. that there are
however special instances when 350 bundie size rnimbu units are demanded and constructed.
The construction materials listed were :

{i) Clayey soil for mmud preparation,

(ii) Stabilizers ( grasses, cowdung, and ashes),

(iii) Poles for construction of the floor grillage,

{iv) Grass thatching for making lower tier protective skirt and roof,

{v) Water.

The corresponding estimate and cost of materials coaveyed to the site for the

construction of a single vait of a 200 bundle mmbn bin is shown in Table 4.6.

The clay soils were purchased from an excavation site outskirt of the village at both
Luge and Wurno and ¢ounveyed to site with doukeys. But in Lamsba Tureta, soil was

purchased and used in combination with soil derived from old structures around the site,

In Lamba Tureta bundies of summer grass "Harkiya' were purchased while in Lugy,
the rumbu owrers had rice straw bundles from bis farm. At both sites, Sther stabilizing
agents like cowdungz, ashes and other grasses nearby were collected to the site. Grasses

found to be available in commercial quantities include summer grass, rice straw, and gamba
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Table 4.6 Quantity and cost of Material Required for
one Unit of 200- Bundle Rumba Bin.  *

S/No Material Location Quantity Unit Cost*
(Naira)
1 Soil Lamba Turcta 10m3 20.00
Wurno " 25.00
Lugu(Wurno) " 25.00
2 Stones Lamba Tureta 20 to 50 0.20
Wurno 2010 70 0.10
Lugu 20 to 100 -
3 Big Poles Lamba Tureta 25 1.00
(4.0 to 8.3cm) Wurno 20 2.00
Lugu 20 2.00
4 Small Poles Lamba Tureta 100 0.50
(2.2 to 4.0cm) Wurno 100 0.50
Lugu 160 0.50
5 Corn Stalks Lamba Twreta |} 4 bundles -
Wurno 5 bundles -
Lugu 5 bundles -
6 Grass Straws Lamba Tureta | 20 bundles 5.00
(for stabilization) | Wumo IS bundles 7.00
Lugu 10 bundles 7.00
7 Grass Taches Lamba Tureta 10 bundles 5.00
for Wumno 10 bundles 10.00
(skirt and roof) | Lugu 10 bundles 10.00
8 Total Estimated Lamba Tureta 600.00
Cost for Materials | Wurno 700.00
and Labour. Lugu 700.00

* Cost of Malerial in Naira as at February 1988.
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Woaoden poles recognised by thé villagers as termite resistant were purchased from
a timber seller in the village. It was learnt that some farmers sometimes source the poles
themselves from nearby bushes. Local mames of some of the poles known to be fermite
fusislata‘e 'guavmi—daj i', ‘sabara’,’borogi’ and 'geza’. Common lengths of these poles range

between 1.4 to 2.6m with thicknesses between 2.2 to 8.3cm

It was also found out that sometimes the builders charge for both the cost of the
materials and labour so that materials already in their posscssion ars nsed for the owner.

Example of such estimated cost of material and labour were shown in Table 4.6 above.

(¢) M Preparation : In preparing the mud about 5% of the soil brought to the site was
first spread, the big clods were then broken up. 80% of the grass stabilizer purchased was
then broken in to pisces over the soil, in breaking the grasses, they were held with two
bands, squeezed and pulled resulting in pieces of 2 to 15cm lengths. Water was then
continously poured over the soil-grass assembly, while between five to eight men enter the
mud pool to mix it by marchiog and trampling on and in the mud with bare feet. The mud
covered their legs to sometimes upto the knee cap. Afier the grass has been properly
incorporated in the mmd, the mixture was covercd with the cow dungs, and ashes, the
remaining grass stabilizers were then used to cover the fieshly mixed mud and allow to settle
for three days. After the three days, the mud was uncovered and remixed, while adding
more water and incorporating more broken grasses, the mixture was then heaped up and
covered again with grasses and left to settle for three more days after which the mud was
ready to be used. It was also leamnt that some builders sometimes remix and allow for

another three more days of settlement.
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Whenever the mud is to be used, quantity to be used immediately is separated and
remixed to a desired smoothness and consistency and where necessary more soil, water or
grass stabilizer where incorporated. Quantity of grass stabilizer used varied between 0.8 to
1.3% of'the dry soil by weight at the different sites visited. The mud moisture content were
found to vary between 20.6 to 25.6%. Details of these are shown in Table 4.7. The
compressive strength of the mud used at the various sites were found to range between 0.6
to 1.45N/mm’, while the tensile strength were found to vary between 0.34 to 1.0N/mdh .

Details of these results are shown in Table 4 8

Table 4.7 Ratio of Mud Constituents used at different sites.

S/No | Site* | Builder | Grass Type Grass :Soil*™ | M.C
1 LT1 A Summer grass 1.2 252
2 LT2 A % 1.1 25.6
3 LT3 A ” 0.9 24.8
4 LT4 B - 1.3 24.3
5 LTS C Mixed 1.0 20.6
6 WR1 D Gamba grass 0.8 24.8
7 WR2 D Rice Straw 1.2 24.6
8 WR3 | D . 1.2 25.1
9 LG1 E Mixed 1.3 20.4
10 LG2 F e 1.1 21.5
11 LG3 F ” 1.2 22.7

* LT = Lamba Tureta, LG = Lugn, WR = Wumo, ** Raho 1s percentage weight of soil
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Table 4.8 Propesties and Strength of Mnd Used at the Diferent Sites.

S/No | Site | Mechanical | L.LL. | P.I |PI LS | Compr | Tensile
Properties* Strength | Strength
1 LT1 25:34:41 26.0 1119 {131 (7.1 |1.62 0.49
2 L'I‘z ”» »” » ” ¥ » »>
3 L.I‘S »” rr rr ”r » ” rr
4 LT4 28:32:40 30,0 1129 | 17.1 |93 |0.68 0.34
5 LTS ”n ” »” » ¥ » »
6 WR1 | 29;30:41 19.0 | 166 | 24 {54 |145 0.58
? WR‘Z ” 7 »” e d > ay »
8 WR3 | 22:23:52 280 116.7 | 113 |79 {132 1.00
9 WR4 | 16:20:64 225 1107 1118 129 10.82 0.73
10 WRS » ¥ ” Y 3% » ”
ll WRG » Lad »n 7 > *» 7
* Mechanical Properties refer to ratics of Gravel: Sand : Clay  (Strengths are m M/mm32)
L.I-= Liquid Limit (%6) P 1= Plagticity Index
P.L = Plastic Limit (%) L.S = Linear Shrinkage (%)

(d) Foundation-Floor Assembly : Three types of foundation-floor assembly obtain in the

areas investigated, These are:

(i) Stone foundation with pele griliaged mud floor,
(ii} Stoae foundation with mid Hoor,
(it} Strip foundation with raised compacted concrete floor.

{i) Type One : In this type, stones arc used as foundation which then carries a
grillage of poles on top which the mud floor is constructed. In constructing this type
of assembly, a very big Etone of about 25 to 45cm in diameter known as the navel
isuse at the centre while other stones which are smaller but of similar height to the

navel are taid concentrically around the navel to support it. Other stones are the
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aranged circmferencially at outer edge of the floor area at intervals of between 20
~ w35an The stones are normally driven a little bit into the ground so as to achieve
some form of stability. A grillage of poles is then constructed vsing the big termite
resistance poles as longitudinal members while the smaller poles are used as the
lateral members. The remaining spaces are then filled up with com stalks and other
small sticks. See figure 4.1(a). Starting from the centre, the pfemixed mud is
moulded into a ball and laid at the navel or centre of the grillage, the mouid is the
Rattened out to form a small disc of between 4 to 8cm thick. More amud moulds are
blended in witil the disc bas reached a diameter of between 20 to 30cm. This is then
eft to dry for about ten to twelve hours when another 10 to 15¢m layer of freshly
premixed mud of the same thickness as before is layed carcfully to blend with the
drying layer. This process is contimed untif the floor is completed up to the
circuniference. This kind of foundation-floor assembly is the most commonly found

within Lamba Turcta and Wurno,
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@) Type Twe: In this tSrpc of foundation, the floor is completely supported
on stoncs without any grillage of poles. The procedure of construction is to
stoart with a big stone of about 30 to 40cm diameter at the centre of ihe floor
area, other equally bigger stones are the arranged concendrically and closely
up to the circoniferential limit of the floor arca. Smaller stones are then used
to £ilt up any other spaces yet to be properly filled.stable. St:aning from the
centre, freshly premixed nud is used to begin the insitu casting of the wud
floor on the bare stones in the same manner like for type-one. See figure
4.1¢(b). This type of foundation-floor assembly was found to be more
commion at Lugy in Wumo area. It was explained by the builders that this
type of foundation-floor coastruction s favoured ia this zone due to the

sandy nature of the area making it difficult to achicve 1arge SiZe Mamiuws verith

the previous type of foundation-floor assembly.

(iii) Type Three : In this type, convectional éoncrcte strip foundation of
about 20cm width and 35¢m depth is constructed, lateritic stones are then
used to fill the floor such that they are sunken about 10cm deep into the
ground and abrout 30cm above the ground. Cement stabilized lateritic soil is
then used as the wall plaster and floor surfacing. This type of foundation was
found to be used by the very big farmers and for rumbu bins having domed-

cylindrical shapes with diameters above 5.0m.
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(©) Shell Construction: This is the major part of the rumbu construction, during this period
the builder is very carefill with respect to uniformity of mud consistency, shell thickness and
the overall shape of the structure. The casting procedure is exactly the same as for the floor,
twice a day, (early in the mornings and in the evenings), the shell is casted with the height

of each casting ranging between 8 to 10cm.

(1) Finishing and Reofing: The construction of the shell is continued until the structure is
completed with an apical opening of between 0.6 to 1,0m diameter then structural finishings
put in place. These include a mud ring provided at about the mid section and a thatch skirt
wom above the ring. This arrangement serve as a deterrent to rodents, and as a prevention
from rain on the wall. In constructing the mud ring, mud paste of about the same
consistency as was used for the shell is formed into a ball , plastered on to the wall about the
mid-section or a little bit higher then shaped into a small semi-cylindrical solid, more paste
balls are then added to blend so as to continue a ring of near semi-circle in cross section.
A thatch roof having a conical roof truss is then constructed on the floor and raised to cover

the finished structure. Picture of a finished spherically shaped rumbu bin is shown in

Figured.2.
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Figure 4.2 Picture of a Finished Spherically Shaped Rumbu
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