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ABSTRACT

Current high cost of conventional walling materials, the desire
lor reasonable thenmal comilort and problems involved in the analvsis
ol heating und cooling systems call for the search lor allemative
walling watenals, In this work, some physical and mechanical
|II'1.]]'.II..’I'|.iI.:£'L ||:1|-'|:|L-‘|}": COIPIressive Sil'i.-"'"}_.'.,l]l. mosture  confent  and
shmkage wore evaluated [or selected mixes of sawdust conerete and
Elecinie Are Furnace (EAF) slag cement blocks.

The sumples were prepared by gnndimg, sieving and mixing with
waler (o ensure cohesion and finnness. The blocks denved were fired
in e fumace to 1200°C and then allowed to dry in still air. Their
properties  were  evaluated/measwed, The values obtained  were
subjected 1o statistical analysis using the peoeral hnear model
Particular altention was piven 10 the EAF slag-cement blocks where
pradual replacement of cement by EAF slag of 10%, 15% and 25%
were caried out, Control cubes wsed Tor companson of compressive
strength were made from cement-sand of 183 mix ratio, EAF slag-
cement blocks had higher cohesion, higher compressive strength, low
moisture content and negligible level of shnnkage, Tlis encourages
building with less coment thus assisting in oblaining relatively low
cost, durable and functional buildings, Building with blocks made by

replacing cement with EAF slag to 25% level reduced cost.
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CHAPTLER ONE 2 N

&

INTRODUCTION '
Hardly  can any  developing  nation  mitke SEHOUS O
meaninglul progress if her sowrcing of the basic walling or building
mitlertals is solely dependent on inportation. Minerals used as raw
matertals for walling are very vital m the development of
mdigenous walling materials industry, relevant to the economy ol
the nation and comiort of human beings, In Nigera, Tor example,
ull our cement factories were built considenng the avalablity off
large deposits ol limestone and marble, clay and shale al thew
respective sites; matenals for walling are ready sources ol revenue
that m no small measure boost our economy. The astronomical
merease m prices of conventional walling materials makes them
become out of reach for most Migerians,
Okiwe amd Onwelu (1998} confirm that this 1s evident e the
mwmber of people who are unable to own houses. To some extent,
the presence of foreign based companies, the very high taste of
well-lo-do Nigerians and their huge investments in multi-nationals
have blind-lolded our from-liners as 1o secing the need for
developing indigenous technology to improve on works already
done towards finding alternatives to foreign walling materials,

U e 1996) reported that the mult-nationals solely depend on
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rescarch results cmanating from therr parent compames and hence
are not mterested either in funding research mie local matenals or
even cncouraging such research work by way ol using resulis from
such rescarches constructively.

Migena 15 natwrally endowed with many  matenals
abundance.  Such materials tested m this investigation are clay.
mud or base sand, Electne Arc Furnace slag, and sawdust, This
rescarch 15 a sort of further wvestigation ou the allematives (o
vonventional walling materials. For a matenal 1o be selected Tor
walling purposes, it must meet cerlain physical and mechanical
qualitics. These qualities and the methods of determining. them are

discussed i this work,

OBJECTIVES OF THE RESEARCH

e major objectives of the work is to investigate some physical

and mechanical properties of some varied mixes from Omi-oye sand,

cement, sawdust and Electric Arc Furnace (EAF) slag for block making

ds substitutes 10 conventional willmg materals.

The specilic objectives of the study are to:
Determine  the moisture conlent, compressive  strength  and
shrinkage of sawdust concrete and Electne Are Furnace slag-

cement conerete of mix-ratio 1:3:6 and 2:3:0

Td
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Deternne compressive strength of derived blocks by gradual
replacement of cement with Electine Are Furnace (EAF) slag m

relation o curing age,

JUSTIFICATION FOR THE PROJECT

This project 15 o contribute, very considerably, towards
pmgerng the average Nigerian to develop the culture of usmg local
willimg materials, Thas will greatly reduce cost, project indigenous
technology and enhance living m conducive enviromment that s

temperature — [nendly,

RESEARCH METHODLOGY

Sumple sand was obtamed from Omi-ove River near
Adyetoro Ghede m Ijumu Local povernment Area of Kogr State

The cement material was obtained from West Alnca
Portland Cement Company, the sawdust [rom lecal sawmills and
the Electric Are Furnaee slag from Ageokuta slag yard, The
sumples were collected i thewr  natural form towards the end of
the rainy season as it is customary of the people of the area to build
their houses at the beginning  of the dry season each year, The
samples were prepared by grinding, sieving before being mixed

with water to ensure cohesion and flinmness. In view of the wide

L%



range ol proportions 10 be tied, a complete work experimental
design was used with a baseline of 1:3:6 of cement; sawdust; sand.
The blocks were fired in mufTle furnace o 1200°C and then
allowed o dry i stll air. The shrinkage was then measured using a
block venire calliper. The mixes were laid on a lat wooden table,
covercd with polythene bag and the physical and mechanmical
propertics were measured afier 10, 15, 20, and 30 days cach o
determine the eflects of curing on the compressive strength,
shrkage and mosture content. The data obtained were subjected

to statistical analysis using the general linear model
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CHAPTER TWO
LITERATURE REVIEW

Adolayan and Marona (1988), Ndububa and Ndububa { 1998)
reported some work on sawduost conerete. The specimen sawdust
used was lrom “soft™ and “Hard” woods derived from common
MNigerian timber species. They used water cement ratios of 1:8 for
thewr nvestigation, which they amrived at alier several trials on
moisture  free  malerials, Lambrapoulas (1989) used  thermal
comparator for measuring thermal conductivily ol non — metallic
solids, He was of the opinion the thermal conductivity mcreases in
dircet proportion Lo increase in lemperature.

David et al (1989) reported that the thermal conductivity of
non-metallic solids 15 strongly related W density and  greatly
modulated by presence ol moisture,  They wsed “adobe™ - a
building material as their example for trial mixes. 10 is of note that
they did not introduce the use of additives,  The lincar and
volumetric shrinkages of the mixes investigated were presented, as
0.86% and 0.21% respectively.  Guma, (1998) determined the
moisture content of base sand using the Speedy moisture tester. e
sampled Kaduna river and specimens of diameter 5.08cm and
height 5.08cm.  The permeability ol the sample was measured

using permeability testing equipment.
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Diaghonya, 1987 in s rescarch work done on the strength
properties of slag conerete found that concrete (water/cement ratio
und mix) made with the EAF slag ageregate obtained from Delta
Steel Company Aladja was Tound to be between 1.2 and 1.6 times
stronger in both compression and tension than the equivalent
concrete made with natural river sand. The wark further described
a procedure ol gradual practical replacement ol cement with EAF
slag in block- making aimed primarily at finding out the behaviour
ol slag/cement blocks in terms  of strength and  cconomic
signilicance in the building industry,

Thermal Comlort

The essence of thermal comfort covers the effects of the
thermal environment on people, processes, materials, hivestock and
even plants. The main focus of this research will be human beings.
An cssentially comfortable environment is one in which the
cecupants experience no heal stress or strain.

A comlortable condition is said o be in the newtral zone
where a body needs to take no particular action o maintain iy
proper heat balance. Man's manual, intellectual and perceptual
performance is in general highest when he is in a state of thermal
comforl.  The sensation of warmth or cold is registered by the

nerve-endings when the skin temperature is above or below body



temperature. The principal factors affecting this sensation are:
mean radiant temperature, air velocity and relative humidity.
111 Mean Radiant Temperature

Mean radiant temperature 13 the wel radiation exchange on
the actual surlaces. The uniform black body temperature of an
imaginary enclosure with which man, also assumed 1o be a black
body, will exchange the same heat by radiation alone as he would
exchange by radiation in the actual complex environment,  The
surface temperatures ol a unilorm enclosure, which will give the
same net radiation exchange as the actual surfaces and their
associated temperatures.

1.2 Air Velocity
Air velocity is the rate of arr movement. This is measured
using Kata thermometer or hot wire anemometer.
2.1.3 Relative Humidity

This is the ratio of the partial pressure of water vapour to the

suturation pressure gy - Py, (2.1}
r.:'J':II'
Where:
{, = relative humidity
Iy, = partial pressure
" = saturalion pressure
This is the ratio of water vapour actually present in the air

per unit volume 1o that which air would contain il saturated at the

same temperature,
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Other desirable properties of walling materials 1o enhance
thermal comfort are also discussed below:
Good Thermal Insulation property

Insulating the system 15 to reduce transmission losses and so
reduce the change over temperature, Insulated structures designed
o collect and store solar energy may run the risk of becoming firc
hazards, unless proper precautions are laken at the design slage
(Adegoke and Bolaji: 2000). Also accurate behavioural predictions
of materials are necessary to locate these problems and to develop
solutions 1o them.
Resistance to Vapour Migration and Condensation

[Rates of water vapour transport between two psychometric
environments through a partition depend upon the partial vapour
pressure dilferences across the partition.  The partial pressure of an
air-waler vapour mixture is calculated from the product of the
relative  humidity and saturation vapour pressure, P, at the
prevailing  dry-bulb  temperature. Thus the higher the air
temperature and the higher the relative humidity, the greater the
vapour pressure. Steam or water addition o an air environment at
constant  atmospheric pressure and  al a  constanl  lemperalure
increases the specific humidity of the environment and henee the

relative humidity. It should, however, be noted that vapour



migration and condensation cause deterioration in buildings. hence
the need for application of vapour barricr,

All forms of thermal insulation applied o buildings. rises
mside temperatures and humidity and also make the outer parts of
the structure colder and more prone o condensation.  The
prevention  of  condensation  hinges on  adequate  ventilation,
adeguate structural heating, incorporation of vapeur barriers and
thermal insulation where necessary, When an insulant absorbs
moisture its thermal conductivity rises very signilicantly. The
moisture contained can also increase the rate ol corrosion, mould
growth and deterioration of the structural materials,  Radiation
shiclding can be rendered uscless by the deposition of very thin
liquid lilms on the surlface because the emmissivity ol most hquids
are very high,  Condensation conditions can only be avoaded by
modifying constructional details, provision of an internal barrier on
the warmer side of the structure or inereasing the permeance of
outlet regions by, for example, introducing ventilating centres or
rool spaces or by varying the imternal environmental condition,

WVapour cannol be completely relied upon in the long term il
and when continuous high humidity is present. The main sale and
practical solution is the prevention of condensation by proper

thermal design or by proper choice of structural materials
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considered suitable for the local wemperature of designated areas or
by air-conditionng the building.
Excellent Spalling Resistance

Spalling resistance or thermal fatigue resistance is a measure
ol the resistance of a walling material to sudden changes in
temperature.  Thermal stability is very necessary in walling
malerials as sharp changes in rates ol heating and cooling lead 1o
spalling, cracking or crumbling.  Materials with less thermal
coelTicient of expansion and coarse textures have increased
resistunce W sudden changes in temperature, Malterials having high
mechanical strength have lower spalling tendency than weaker
materials because the property o vield under stress is major in its
resistance Lo spalling.
Volume Stability

Volume changes with respect Lo changes in temperature arc
nol  necessarily  noticeable in walling materials.  Temperature
changes coupled with resultant change in volume results
cracking or crumbling. Volume changes are not easily noticeable
because the temperature difference is usually over a time lag and is
usually not sharp. Volume stability is a desirable property ol

walling materials, for it ensures non-appearance of additional

1]



2.0

stresses which could weaken the structural strength. (Avumala
and Akpokodge, 1997),

Cienerally [oundation of structures [rom non-porous walling
madertals  should be stronger than those made lrom  porous
materials in anticipation o allow for casy beaning of the load
conung on 1L, when 1t 15 a load bearing wall, The response, to heat
andd load, of walling matenals 15 of parmmount importance.  Long
tme exposure o heat results in failure of the matenal under
comparatively low temperature and load conditions (Edoro et, al;
19491 ). Many parameters are considered about varous matenals to
wid m determining the level of value for use or otherwise for
walling,.

Under Load: {Resistance to Temperature below Fusion Point)

I'his is a measure of the resistance that a walling materal
nnparts o the combined effects of heat and load. 10 s alse the
soltening wemperature indicated either by complete sloughing down
or breaking of the specimen when a load of 1L6OSN is apphed
Materials, generally, being bodies of more than two constituent
compounds fail under load conditions at lemperatures  much lower
than the [usion point of the highest melting pomt of the
predominant constituent, Fatlure in any material is also mlluenced

by its time duration of exposure o heat and load. Long time of
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exposure results in failure of materials even under comparatively
low temperature and load conditions. (OKiwe and Onwelu 1998),
High Permeability and Flowability

Base sand or mud with higher permeability is referred (o as
“Open sand” while the one with low permeability is relerred Lo as
‘Close sund’; Permeability is therefore, proportional to the number
and size ol the spaces that are available between the individual
particles of sand, Flowability of base sand on the other hand is its
ability to be compacted effectively to a uniform mass.  Higher
compaction force 15 needed lor sand with poor [lowability.
Generally, Nowability depends on factors such as frictional forces
that assist the bonding action of clavs but opposes free movement
ol sund grams,

Hizh Deformation and Toughness Property.

Deformation or plasticity is indicated by the increase n
length of sand specimen during its compressive strength test. High
deformation value of sand relates to better capacity of the moulds
o tolernie hydrostatic pressure as also 1o volumetric contraction.
Toughness relates deformation with compressive strength, 1 also

gives an idea about the quality of sand mixture.

12
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Moderate Plasticity of Sand

Plasticity 1s an important parameter in the evaluation of sand
for walling works,  Walling materials, delinitely, should be
sulliciently mouldable and perpetuate the desired shape. Plasticity
depends on mobility, stickiness, binding strength, extrudability and
others.  Deductions concerning plasticity depend on the plastic
limit and the ligud ot ol particular clay,  Plastic limit s the
muoisture content when a clay/water mixture rolled in thread - like
shupe ceases Lo low under its own weight, Therelore, the range off
mossture content between the plastic and liguid limits is the range
ol water to form plastic clay uselul for building. The plastic index
15 hence the optimum moisture percentage needed to form a plastic
paste. Generally, elays with plastic limit below 15% are said 1o be
non-plastic or of low plasticity. while clays with plastic limit
between 20-35% are considered moderately plastic. (Afolayan and
Marona, 1988).
The Time Constant of a Building

Considering H = g™ being heat loss at any time 1.

Integrating H = Hoe™ with respect to time between zero and
inlinity, we arrive al ]IUI-;". This means that il all the heat stored in
the building structure is lost because it has cooled down Lo the

same temperature as the outside, the amount of heal involved s
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/K - the product of the design heat loss rate and the reciprocal ol
the time constant (usually expressed in hours) by dividing the heat
stored in the building strueture by the design loss rate.

Clays

Ordinary, one thinks of clay as the material for the potier, a
gardener will as well call it the most important part of heavy soil.
A building engineer sees it as the material lrom which bricks are
made 1o build houses or line furmaces. (Ndububa and Ndububa,
19498). To some other people it is the material that is used Lo stop
leaks in canal embankments (Gidigasu 1976).

Clays has been studied [rom different points of view by the
Cicologist, the Mineral Resources Engineer, Mechameal Engineer,
the Chemist, Ceramie Technologist, Soil Scientist, Civil Engineer
and recently Building Service Engineers. Assunming the granite is
tropical, these are types of the mineral: Alkali, Quartz, Plagiocalse
Feldspar and (Mivie Crystallized out adjoint 10 cach other in
different proportions in the surface of the rock.

Fach is attacked at different rate by the weathering apents
and all are attacked very slowly by the periods of tme available for
seological processes are so great that huge amounts of rocks may
be transformed, Alkali feldspar-orthoclase is a compound of

potash, K,OALOL6IO,. [Uis gradually attacked by water containing



carbon dioxide in solution, which leaches away the potash and
soime of the silica, leaving the aluminium silicate, kaolinie,

In the course of tume, the feldspar in gramte is transformed
by percolating waters into clay, (Okeke, 1991).

o OALDL2510:4 KA LO05104+2H04+-Coy=

Al(:2510:2H,0+4 5105 K00, (2.2)

The plagioclases leldspar, anorthite, which is typical ol tns
group. is writlen as CaO, ALO:, 25105 1t s probably converted 1o
clay by a reaction very similar to that by which orthoclase 1s
decomposed.

Caly AlLO: 2510 + 2C0¢ + 2H,0 = Ca(HCOy) 24

AlLO2510:2H;0 (2.3)
Another form derived [rom above 18 by removing Percolating water
lrom the solution.

2.11.1 Primary or residual Clays:

These are clays that are not transported too far away from
the site of the ongial rock by flowing water or other means. These
cliays have the chance of retaining not only unchanged fragments of
the original rock but also reaction products characteristic of the
parent rock, Between these two limits, clay is in the plastic state.
(Adegoke, 1989) and can be moulded by hand or machine. Clays

dilfer in the case with which they can be moulded,

15



The plastic clays usually have a wide dillerence between the
upper and lower plastic hmits,  Clavs of low plasticity have a
relatively small difference between the two limits, In the plastic
condition, applving a hittde more than minimum force can alter its
shape and when the force is removed the new shape is maintained,
This 1s known as the qualitative condition of plasticity in clays.

2.11.2 Action of heat on clay

In the plastic state, small Torees delorm clay, When a clay
particle s dred, it is rigid by comparatively Dugile. 1L is also
readily broken down by action of water. Firing at a bright red heat:
usually renders the clay article hard and durable, At about 130°C,
residual water not completely removed by the process of drying is
expelled.  From  temperature  450°C 1w 600°C.  chemical
decomposition of the Kaolinite ¢lay takes place and the combining
water is driven off, (Guma, 1998). For pure clays this can amoumnt
o 4% of the weight of the dry clay. This reaction is represented
thes:

(OH)) § ALSLO = ALOs+ 4510, 4+ 4H:0 (2.4)

Industrial clays are liable 10 contain organic compounds,
These are decomposed and the residual carbonaceous matter is
burnt away over a larger range of temperature about 350°C-850°C.

provided the clay is open to free oxypen. Al this stage of heating

| G



the cloy has become resistant to the slaking action of water but has
become porous and stll relatively fragile. This lemperature range
is known as the oxidizing range (Okeke, 19491 ).

A clay article does not develop its strength until it has
vitrilied. ‘The verification range starts at about 900"C and extends
up lo the highest temperature the clay can withstand witlwout
melting. This as well depends on the kinds ol clay mineral and the
impuritics present. The upper temperature may vary from 1000°C
o over 1500°C (Guma, 199%). During verification period. the
porosity of the mass of clay decrcases und its strength and hardness
increase.  There is notable firing —shrinkage, Provided the clay
article s heated uniformly and not subjected 1o extermnal forces
strong enough to be detrimental, this firing — shrinkage is not
accompanicd by distortion bul loss ol shape becomes increasingly
difficult to prevent as the liring temperature increases.  The
properties of drying — shrinkage and firing — shrinkage shown by
clavs cause manulacturing diflicultics with all clusses ol clay
wares. whether table ware, wall tiles, electrical poreelain, fire clay

products, bricks, roofing tles or salt zlazed wares.



L1 L3 Properties of Clay
Clay — water relationship:
[I' clay and water arc agitated together for sometime and then
allowed to rest some of the clay particles stay in suspension for a
considerable time. The coarse particles, which settle comparatively
rapidly, ollen do not consist of any clay mineral at all but particles
ol sand, mica. leldspar and [ron pyrites present as impurities. Finer
particles tuke longer o settle and the very finest stay in suspension
for davs and even weeks,
2. 1L 4Clay in the plastic state:
When clay is thoroughly mixed with less water than is actually
necded o make a uid slip, 1t acquires a pasty consistency, A mix
of such consistency can be made either by mixing ground dry clay
with sullicient water or by removing some water from clay slip:
(i) DBy filtering
(i} By cvaporation
(111)  Or by pouring it on to a porous plaster slab
It is usually possible 1o distinguish two proportions of water al
which there is o delinite, glaring and observable change in the

properties ol the clay pastce.



212 Need for Consideration of Thermo — Mechanical Propertics

The thermo-mechantcal propertics need more altention now than
ever before 1o faciluwate properties choice or sourcing alternative walling
materials. (Oshinubt and Katte 1991) ivestigated the ellect ol 0 o 3
hours elaps¢ time alter mixing on the grain size and plasteity
characteristics of soil - cement mixes in road construction. Road
Construction and walling purposes are interrelated. The aim of the
mvestigation to them was o adopt the soil classilication indices method
o vahidate the use of seil - cement mixes for pavement construction, The
ellects of cement content on the maximum dry density (ML) and
aptimum maoisture content of soil/cement mixture were tested,

This is of paramount importance to the Building Engineer. These
lest results validly support the linear shrinkage. hence failure of most
highway pavemenl though non-lead bearing, points to the need for
further research for soil cement mixes for load bearing walls, Values of
physical and mechanical properties of walling materials are availuble in
various forms in published works in journals, ol renowned research grants
in Building Services LEngineering (Kethandran and Eckert; [978) &
(Frank and Mark. 1988).

A ot of research works are in progress. Works on heat How
and temperature are as well considered in view ol the physical and

mechanical propertics measured or determined. (Summer 1966)



2.13

described precision instruments for lemperalure measurement in
the National Engineering Laboratory Report.
Synihetic Sands:

These, basically, are silica sand that contains little or no
binder in their natural state. Their strength is developed be adding
clay and other additive separately, thus moulding propertics are
efhciently controlled.  However, moulding sands are comprised

mainty of silica, grains and clay.

2131 5ilica and grains

(i)

Silica and grains are very important in moulding sands lor
thewr oulstanding properties. The provide permeability Tor the sand.
they also mmpart chemical resistively o the sand.  They are
specilied according to their size and shape.  Hence the fine the
prains, the more intimate the contact, the higher the compactness
and the lower the permeability, Fine  prains  tend o lortily  the
mould and reduce the tendencics lor it W get distoried, Themr
shapes are classified as below:;

Compounded grains: These grains are cemented together and
fail o separate under screening, It is comprised ol rounded.
sub-angular or angular grains or a combination of the three.
They are highly desirable for waling works due o breakdown

only at very high temperature.
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(1) Rounded grains: These grams have the least contact with
one another in a rammed structuere; thereby making the sand
with rounded grinns lacks strength.
{iii) Sub-angular grains: they have comparatively lower
permeability and hence greater strength than the rounded
SIS,
(iv) Angular grains: these are graing that have line edges with
almoest — [lat surface.  They produce higher strength and
lower permeability than angular grains,
When sand is rammed in a mould, the sand grains are forced
logether. The clay coating on cach grain is so placed that it locks
the grains in position and also makes them retam that position.
Though il the amount of water added is exact w [orm the film, the
bonding action is best. Excess water reduces strength and weakens
the structure.  Therefore, permeability is proportional o the
number size of the spaces that are available between the individual
particles ol sand.
2.13.2Binders Agents

The main purpose of binders is w0 influence the bonding propertics
of sand. Binders are either in hiquid lornm or in a much finer state of
setting than the sand grains, In compaciness, the binder coatings form

lens-shaped masses al the point of contact of the grains, In actual sense,
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the strength of the bond so produced is a function of number and arca of
these contacts. lnereasing the binder contemt makes the layer becomes
continuously and progressively thicker. Common binders are molusses,
amimal dings, starch, oil and dextrin (David, et al. 1989). Fibrous
materials commonly used are wood, straw, [Tour, dried grasses, sawdust
and coconut fibres, manure ete. These are used to prevent scabbing. They
are also used o improve collapsibility. They are as well uselul in
providing resistance to expansion defects.

Several investigations have been carricd oul using coconul shells.
palm kernel shells, base sand, laterite cle. Pre-colonial days, people used
pulim kernel, coconut shells, grasses and others as binders. A lot also  had
heenn done on sawdust concrete and EAF skag blocks lor usc in

embankments and drainage passageways.



3.0

CHAPTER THREE ) *;;.-..'-*__-'T.’.',:;,-.' -

MATERIALS AND METHODS

Properties tested were maisture content, compressive strength and

shrinkage of sawdust and EALF slag-cement blocks ol different mixes.

Compressive strength ol derived blocks with gradual replacement of

cement with EAF slag, also shrinkage, moisture content and compressive

strength of sawdust mixed concrete blocks in relation w curing age were

measured,

'31-]

Material Preparation
Sawdust Concrele

I'he mixes of sawdust concrete of 20 3: 6 and 1:3:6 were
carried out complyving with British Building Standard 882, The
2:3:6 mix was made up of one part of Sawdust o two parts ol
cement and mixed with water linely enough o avoid segregation,
The moulding was done and cubes defined as X, Xi, X;, Xyund X
for sawdust cubes. The specimens were removed from the mould
afier 30 hours, Covering the cubes with polythene sheets for the
lirst 10 days. The 1:3:6 mix is made up of one part ol sawdust 1o
one part of sand 1o one part of cement, also finely mixed with water

o equally ascertain that there was no segregation,
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3.1.2

3‘-1l3

Omi — Ove Sand

Cimi-Oye sand is in bountiful deposits immediately ofT an
ox-bow lake just some metres of Horin- Kabba road near Avetoro
Gbede. Kogi State.  The Nawral Omi-Ove sand is line, has very
poodd surface characteristics and of unilorm grain size. 1t serves as
very cheap source ol raw materials for block making lactories
around. Sieved (o remove stones, granites and other impurities. i
mixes lixedly (without segregation) with the wsual WAPCO
caemenl,
Electric Are Furnace Slag

mome quantities of EAF Slag were collected Irom Ajaokuta
Slag vard Trom which through sieving, metallic and other form ol
lumps, were sorted out and disposed of.. The pure slag was then
ground into very fine powder, Pure natural sand and common
Portland cement was used in this work. After thoroughly mixing
the materials in the used ratio or proportion on a {lat ¢lean surface,
expenimenial cubes labelled Cy, C;, Ci, C)and Cs using gravimetric
ratio of 18 (Cement/sand) control test picces. Thercalier other test
pieces wore cast, gradually reducing the amount ol cement
proportionally Lo equivalent of Slag by 15%, 25%, 35%. 45% and
0% respectively. Fach set (10 picces) ol the test picces was

allowed to dry for periods ranging from 10 o 50 days.
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3.2.0
3.2.1

3.2.2

Slag-samd cement Concrete

The EAF slag-cement blocks. Slag-cement blocks were
produced using varied mixes of slag and cement with Omi-oye
sand m a proportion 1o slag and cement. Also slag-cement with
sund. These mixes were categorised 1:3:6, 2:3:6 and by gradual
replacement of cement by slag to 10%, 153% and 25%. Emphasis,
here, was on the gradval replacement vis-d-vis the compressive
strength of derived blocks,
Cement-5and Blocks

The materials  were mixed manually on o board
Experimental cubes were moulded using 1: 8 mix ratio. The cubes
made of 1 part of cement plus 8 parts of sand were used as control
preces, They were exposed to the atmosphere for a curing period of
30 days. The compressive strength of the cubes was evaluated at
stages of curing. i.e 5 days, 10days, 15 days, 20 days, 25 days and
30 days.
Firing Procedure
Electric Are Furnace (EAF) Slag Block

Drying Procedure was by exposing the cast-cubes to the
atmosphere for a period of 10 to 90 days. The drying period varied
from 10 to 30, 30 to 50, 50 to % days.

Sawdust Conerete Block

The Specimens were soaked for Ghours, later removed and
placed in an open space for drying, The lengths of respective sides
and the length of corresponding sides were recorded lor the first 30

days., Weights of specimen cubes were taken at 10,20 and 30days

23



ol curing. All these were carried out w British Building standards

e

3.2.3. Omi — Ovye Sand Block

Firing was done in the Muflle and Vesteer Furnaces. It was

done at o Fairly slow rate for complete drying. Though slow the

firing was steady 10 prevent stream formation within,  Heating

ranged from 80°C to 100"C and was done for ubout 2 hours,

J.2.4 The Physical and Mechanical Properties Evaluated

il

Compressive Strength; Compressive Strength that is the
“Strength™ of the blocks was considered. The factors that
affect compressive strength affect the strength of the wall.
Hence, compressive strength s the main thing (o consider in
a wall,

Shrinkage: Volumetric shrinkage is the reduction in volume
of concrete due to varying factors. A major svmptom ol
shrinkage 15 cracking, which is a sign of poor quality that
could be reduced using suitable materials and mix ratios.
Moeisture Content: Moisture content 15 the amount ol waler
in lorm of vapour in a body. This is expressed using the
mass of water present in relation to the mass ol the body,
which is expressed as a pereentage, especially, in a body

formed using some quantity of water. Determining muoisture

26



conlent of a body is simply determining the amount of

condensed water vapour in the body,

3300 APPARATUS DESCRIPTION
331 Tensile and Compressive Strength Testing Machine

[he wniversal materials Testing machine as shown in Fig 3.1 15 a
hyvdraulically eperated unit providing facilities [or compression and
tensile tests at loads of up to TOOKN. It has these components

1. Compression platens

i A digital load-meter

ui. A dial gauge system for basic dellection measurements, Ending
Wedge chucks lor holding tensile tests work pieces.

The Basic machine:

The basic machine consists of o rigid four-column Irame, which
support a hydraulic ram. A cross member [ied 1o the top of the ram-
carrier and loading platform supported on two bebars, These ebars are
connected at each end by ball joints so that the loading platform s
completely self=aligning and loading is axial, A stramn-gavged load-link is
litted midway up cach trebar and the two links provide an output lor the
digital load meter. Loading platform is used for compression tests while
that below is for tensile tests, The machine 15 supported on tour study
horizontal legs, which spread the load and provide adequate stability,

e hydraulic ram has a self=scaling coupling and can be connected

cither 1o the manual or motorised pump, The hydraulic ram, manual



pump. motorised pump and connecting hose are all rated for operation up
1o 200KN and therefore have a good margin of safety when operating over

the load range of the machine,



Fig. 3.1: Tensile and Compressive Strength Testing Machine



332 MOISTURE CONTENT TESTING MACHINE

The speedy moisture tester (normally relerred o as “Speedy™) is a
device lor testing the moisture content of materials. It comprises ol a
body with a body with a hole and the lid 1s made up ol a dial and the
calibrated cap, It has two metal balls as pulverisers [or testing muoisture
content of course materials c.g, clays.

The Process:

I'he speedy was cleared to ensure that it was Tree Trom residues: A
chip of sample was ground before weighing and loaded into the body of
the speedy. Two lull measure of speedy absorbent were added o ensure
adequate coverage in each trial. The speedy was then sealed, and shaken
with the dial Jacing up. The readings were then taken, placing the speeds
horizontally, directly allowing the readings (o be lacing the dial gauge al
eve level w enhanee accuracy. For clay blocks, the ground chip s loaded
with two steel ball pulverisers into the speedy body with sample held
horizontally and rotated for about 30scconds o put the steel ball
pulverisers into orbit inside the speedy body. The speedy is then held for
about 20seconds and the cyele is repeated lor three minutes before the
readings were luken for each trial, Turning the speedy quickly ensures
that the heat given off by the reaction is conlined and liberated all the
mioisture in the material. Turning was done twice or thrice o gel near

accurale resulls.

0



3.3.3 Mulfle Furnace

Muflle lurnace. as shown in Fig. 3.2, is calibrated from 0"C 10
1007C and has maximum power rating of 1.5 KW. Its internal volume is
24 litres with digital temperature display and refractory mutlie with steel
outer case, Graded asbestos — free insulation with air gap provides sale
ouler case temperature, 1t has integral chimney with adjustuble vane lor
draught control plus counter poised swing — up plug door with switch,
which isolates power from element when door is opened.

The internal safety thermal fuse is to prevent over-heating,

il



Fig. 3.2: Muffle Fumnace
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4.1
4.1.1

CHAPTER FOUR o TECH
RESULTS AND DISCUSSION
The physical and mechanical propertics considered  are
compressive strength, shrinkage and moisture content.

Sawdust Mixed Conerete Block
Compressive Strength for 1:3:6 Mix Ratio

The sawdusi mixed concrete block 15 made up of sawdust
plus | part of cement plus 1 parl of sand. The compressive strength
of the considered mixes 15 presented in Fig, 4.1, The average
compressive strength of the mix is 5.28 Nimm’®, The longer the age
of the block, the higher the compressive strength, Alter 25 days of
curing, compressive strength ranges from 5.22 N/mm® o 5.6l
MNimm®,

[t was also observed that with increasing curing age, the
compressive strength of the blocks used for the experiment was
closing up. i.e. the range of the compressive strength of the set ol
blocks considered was becoming smaller. Al curing age ol 15 days
it ranged from 3.98 N/mm” 1o 4.72 N/mm’®, The increase is more
noticeable from curing age ol 10 days to 15 days than [rom curing
age ol 15 days to 25 days. This is due to the fuct that the rate of
radiation, conduction and convection on the blocks when newly

moulded was higher than alter a period of exposure. It can be as a



result of the fact that compressive strength depends on a
combination of moisture content, amount and type of binder.

The mix ratio has a lot of elfect on the compressive strength.
The muss of block, ratio of mix and curing age increasc the
compressive strength. The range of compressive strength increase

with curing age as clearly shown in Fig. 4.1
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4.1.2

th'inkug{:

Table 4.1 shows shrinkage almost at the placing of the blocks

Further shrinkage was reduced by the prevention of drastic water loss by

covermy the blocks with polythene. Linear shrinkage varied from 10.15%

o ,.22% while volumetric: shrinkage varied from 0.19% 1o 0.23%. Thus

average hnear shrinkage was 0.188% and average volumetric shrinkage

was 0.2 4% as shown in Table 4.1,

Table 4.1 Kesult of Shrinkage Measurement for Muday Sawdust Conerete of

1:3:0

S CUBE | CUBE DIMENSION IN MM SHRINKAGE (%)

REF ML) | Side | | Side 2 Sife 3 _ﬁ':ﬁ&hr_lnlmw:_ Valumetric Shrinkage
E T [ aos 500|150 XK ' o

% 1496 | 1500 149.9 017 (.19

X 150.0 149.8 149.4 0.19 0,21

X4 1400 149.6 | 500,10 0,22 022

As | 500 | 49.5 1500 0,21 0.23

4.1.3 Muoisture Content

The moisture content of cach of the specimen used was
measured using speedy moisture tester and shown in Table 4.2,
The initizl weight of the blocks varies trom 1.791 kg o 2.1545 kg.
Their weights on ignition varied from 1.756 kg o 2.105 kg, The
difference in weight ranged lrom 0.026 kg to 0.176 kg, Moisture
content by percentage ranged from 1.2% to 8.2%. I'or cach sample

block, the difference in weight, which 1s the weight of moisture. is

Al



expressed as a percentage of the initial weight to depict Yo moisture
content as presented in Table 4,2

Table 4.2 Kesulis froen Experiments on Moistore Content of Sawdust Conerete of 1:3: 6
Mix Ratio (Results of Moisture Content at 110°C)

| Sumple Mo, | Dnitisl Mss (kp) felass an Difference in | % Muodsture content =
{mi lanvitiom {kg) Mlss (kg Limg-migp & 10

_ () (shrinkage) iy

S| 21543 1.U776 0.1767 | E I
54 2.1318 21053 (0.0265 1.2 |
s, | 1791 1.756 0.0150 1.9 |
S | ROR 1.852 (L0460 2.4

ISs 2059 | 2023 | (L0360 | 1.7 o

S1v S0 55 Spand 85 are relerences numbers of cubes used.

Source: Field survey

4.2 Sawdust Concrete Blocks

4.2.1 Compressive Strength of Sawdust Concrete of 2:3:0 Mix Ratio
This sel ol conerete blocks was made with | part of sawdust o 2

parts ol cement and sand, This amount ol sand s for high cohesion. The

compressive strength of the blocks is presented in Table 4.3, For the first

[0days ol curing the mass of the cubes and the compressive strength

varied rom 4.25 kg to 4.80 kg and from 1.71 N/mm® to 2.22 N/mm’

respectively. Al 15 days of curing the compressive strength varied from

3,98 N/’ te 4.61 Nimm®. The compressive strength had appreciable

merease al curing age of 25 days varying from 5.22 N/mm® to 5.61

r z
N/mm”.
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The 2:3:6 mix compares reasonably with the usual values of
lightweight concrete blocks. The mixes gave values that are reasonably
presentable,

Tuble 4.3: Results of Compressive Strength of Sawdust Concrete of 2:3: 6 Mix Ratio

“Cube RefNo | Ageofcube | Massof Cube | Crushing Loud | Compressive
{Days) gy (kM) Strength
i™mm)
3 o 480 488 220
B 4,75 38.0 1.71
Ly 4,50} 0.0 | &0
- 4.60 38.0 | 8%
£ 4.25 49.3 393
Had | 15 4.80 997 4.50
s 4.85 gk.4 44
o 4.75 88.2 398
Cy 4. 85 1.6 4.54
Cs 4,70 (2.1 4.61
i 25 520 |17 [5.32
¢, 495 124, 5.6
Cy 5.00 1453 5.22
¢ 4.90 1204 5.44
Cs 5.00 121.7 | 5:50

4.2.2 Shrinkage of Sawdust Concrete of 2: 3:6 Mix Ratio

Source: Field Survey

Table 4.4 shows the resulis of shrinkage measurement for sawdust
conerete ol 2:3:6 mix ratio. Volumetric and Linear Shrinkage were

observed almost immediately the cubes were placed. Further immediate

A8




drastic loss ol water had w be prevented to avoid cracking, Lincar
shrinkage varied from 0.33% for cube X; o .53% on cube X
Volumetrie shrinkage 0.80% to 0.91% on cube X, It was observed that
cubes X . Xy, X and X5 had equal lincar and volumetric shrinkage.

Talde 4.d:  Resulis of Shrinkage Measorements for Miday Sawdost Concrete of 2:3: 6
Mis Hatio

| CUBE REF _ PERCENTAGE
NO CUBE BEMENSIUHR Ty SHRINKAGE
{ i |
| | SIDE1 [ SIDEZ | SIDE3 | LINEAR SHRINKAGE | VOLUMETRIC
SHRINKAGE
g 1500} 1499|1500 | ou7 U7
s, 150.0 1495 | 1500 | 033 0.33
s, 150.0 1500 | 1499 | 007 0.07
5 | 49.6 | 5.4 1498 027 .40
54 | 54 1500 | 1497|020 (.20
i Averiage 0.19 0.2

Source: Field Survey
4.2.3 Moisture Content

Fig 4.2 shows that the resulls of moisture content for this mix was
a bit uniformly high, The 2 parts of cement must have caused that, since
cement has higher rate of water retention than sawdust. The mosture
content varied from 7.8% to 8.8%, majorly clustering between §.4% and
$.5%. The average moisture content for the set is 8.32% which is

reasonably high,

19




O _Mr::':sture
E‘-t_::r‘rtent % |

Moisture Content %

Cube

Fig. 4.2 Resuolis of test on moistore content Tor :Hil";i:llllsl conmerete of 2:3:0 mix

rutio
Souree: Ficld Survey

4.3  Slag-Cement Conerete Blocks

4.3.1 Compressive Strength of Slag-Cement Conerete Block ol 1:3:6
mix ratio

Slag-cement of 1:3:6 mix ratio was made of 1 part of slag to

| part of cement and 1 part of sand, Table 4.6 shows the
compressive strength of the test picces as determined al various
curing ages using the Universal Cold Crushing Machine available
in National lron Ore Mining Project Laboratory, ltakpe. The
compressive strength of the lest specimen remained  almost

conslant
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As the cement hydrates, lime (CaCOH;) 1s produced. The

compressive strength varied form L7 IN/mm” to 2.22N/mm’ lor the

first 10days but stabilizes within the lifteen days at 4.5 Nimm®. It

increased to 5.6 1N/mm” about the 25th day.

Iesults of Compressive Strength of Shg-cement Conerete of 153 0 Mia

Tuble 4,6:

Kt

[ Cube Ref No | Ageofcube | Mass of Cube

(1ays) (g}

| |

€ K 6.80

Ca 6,70
| Cy 6.90

y 7.00

Cy 6.70

c |15 6.60

G 6.50

C, .70

Cy . %0

8! , 6.40
e _i_i_i 6.40

;s 6.20

) 6.50

Ca b.60

[ Bl

Crushing Load | Compressive
(k™ Sirvngtl
(N’
6.5 1.71
8.3 .78
97.0 2,09
099.8 0y
100.2 222
129.6 4.50
129.1 4.49
128.0 4.49
128.0 4.50
199.5 | 4.50
190.2 480 |
| 8.0 4,92
| 88.0 4.89
200.0 5.61
202.2 5.58

Source: Iield Survey
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4.3.2 Shrinkage

Tuble 4.7 shows that shrinkage was observed almost immediately

the conerete were placed on the table. However further shrinkage was

reduced by preventing drastic water loss through covering the blocks with

polvthene spread. Shrinkage also occwrred by the withdrawal of water

from the concrete. Shrinkage of conerete increased with time, The most

noticeable increases occurring at the carly ages,

Table 4.7: Hesuliz of Shrinkoge Measoremenis for 28day EAF Slag Concrete of 1332 6

Mix Matio
CUBE REF |  CUBE DIMENSION IN PERCENTAGE

N {mrmm) SHRINKAGE
SIDE | | SIDE 2 [ SIDE3 | LINEAR SHRINKAGE | VOLUMETRIC
SHRINKAGE

0 0.7 14935 | 1496 | 033 0,80

C; 144,16 1497 | 1495 | 033 {400

s 1492 1499 | 1495 | 0.53 0,93

T 44,5 | 4498 49,4 i R

Cs |49.5 1497 | 1493 | 047 0.1
I. Averaps 04l (EG

Source: Field Survey

4.3.3 Moisture Contlent

Fig 4.4 shows the moisture content of cach specimen used

and was measured. The variation in moisture content is relatively

low and very constant for the set. The moisture content varied [rom

7.9 to 8,8%, The graphical representation 1s  Fig. 4.3,




Table 4.8

Sample Mo

Cy
G
Cy
Cy
Cs

Source: Field Survey

4.4

4.4.1

Results of Test on Muoisture Content for Skig-Cement Conerete of

Initial Mass m,

(gt

206
3.04
3,005
2.98
3,006

Difference

) FTEE i o minisiure content =
It my migss kg (i, — g X DG
kg) m,, - my my
2.82 (.24 8.5
2.580 .22 1.9
2.82 10.23 B8
2.80 .18 8.0
2.83 8.8

Compressive-Strength

(.23

shg-cement Concrete Bloeks of 2:3:6 mix ratio

The Slag-cement conerete of 2:3:6 mix ratio 15 made of |

part of cement o 2 parts of slag. The compressive strength ol the

lest specimen decreased with inerease in slag content. The ratio ol

decrease in compressive strength o merease moslag  content

reduces with increase in curing age. The alkali soluble silica (S104)

and Alumina {ALOs) available in the slag reacts with the lime to

form caleium silicate and aluminum  hydrates that reduces the

porosity of the concrete, which in turn increases the compressive

strength ol the concrete. It is also noteworthy that no appreciable

loss, I compressive strength was noticed  when cement was

replaced to the level of 25% slag.
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Table 4. 8:
il rilio

i !:_'ullr Hel Mo

Hesulls of Compressive Strength Test on Slap/Cement Concrete of 2:3: 6

Age of cube
{Days)

0

D,
s

[ed
o'l

Mass of Cube | Crushing Load | Compressive
(ke (N Sirengih
(Nimm')
8.4 B4.8 3,85
B.35 74.0 248
8.10 76.0 315
8.20 L el 3.29
71.83 83.3 388
84 1006 4,50
548 [02.2 4.40)
8.35 100.2 4 28
5.40 104.0 4.54
8.20 103,38 4.60
8.40 0.8 | 540
8.42 T2 5.38
B.45 1028 5.42
830 L0 5.50
9.36 103.8 5.36

Source: Field Su rvey

4.4.2 Moisture Content

Fig 4.3 shows the moisture content for 2:3:6 lor slag-cement,

which varicd between 5.7% and 7.2%. The mean moisture content of

these specimcns 15 6.6%,
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0.88

0.86 |
0.84
0.82 I°
O Moisture
Content %

0.8

078

Maoisture Content %

0764

0.74

Fig, 4.3 Results of test ou moisture content for shig-cement concrete of 136 mix
ratio
Source: Field Survey

4.4.3 Shrinkage
Shrinkage is almost absent because the values  were
negligible and has no reasonable eflect on the blocks,
4.5  Slag-sand Cement Blocks by gradual replacement of cement by
EAF slag
Slag-sund cement blocks derived by gradual replacement ol
cement by EAF slag in relation 1o compressive strength were done
in bits. It was rom 10% to 13% and 25% keeping the amount of
sand uniform for the three stages of cement-slag replacement. The
compressive strength of blocks of 0% slag replacement were

shown in Fig 4.4a while that of 15% slag replacement showed
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inprovement on that of 10% slag replacement as shown in Fig.
d4.4b, The compressive strength of 25% slag replacement blocks
has moved to 7.0 N/mm® as shown in Fig. 4.4¢. In all, the curing

age of the blocks also had positive effect on the compressive

strength.
| 7.4 =
3.0 [
| 7.3 ¥ [y Dsare
2 relerence
i 2] 7.2 , numbers
f I of cube:
= 71 if cubes
i
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Fig. 4.4a Results of Compressive Strength tests on slag/feement concrete of 10%,
Slapg Replacement,
Source; Field Survey
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4.6 Cement-Sand Blocks

The compressive strength of the blocks were measured
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The compressive strength ranged lrom 2.7 Nimm® 1o 4. 35N/mm- 1t
increased from 2.7 Nimm® to 3.4 N/mm? [or the first 5 days.

Ihe increase in compressive strength was not unilorm. The
increase from the 10" day to the 15" day ranged from 3.5 Nimm® to 4.0
N/mm”. From the 15" day to the 30" day it ranged from 3.50 N/mm' 1o
4,35 N/mm” . The compressive strength improved considerably towards

the 30™ day of curing. as shown in Fig 4.5

5
4.5 -
& 4
? 3 I
g:, e
n 3 | ,
® e —+— Compressive
} i et ey Strength
E‘ 1.5 —_———— — I by 2.3, -'h_:"";mdhart:
o 1 k Groups of 5 days cach
¥ (| represent 5 days. 2
0.5 ¥ ¥ F——— Lorepresent 10 days, 3
0 . - | represent |5 doys and

s o Lo 6 representing
1 . h
- 3 % 2 6 30 davs of Curimg)
Curing Age

Fig 4.5: Compressive Strength of Cement Conerele of 1:8 Mix Ratio
mource: Freld Survey
4.7 General Comparison/Discussion

It is generally observed that the moisture content of sawdust
concrete was relatively high, Shrinkage is relatively low on slag-cement
ol 2:3:6 mix ratio that confirmed high cohesion. There was noticeable
improvement in 2:3:6 of sawdust concrete over that of 1:3:6 mix ratio.

Ihe increase in compressive strength is also significant. The sawdust

ik



concrete ol 2:53:0 shows an improvement on that of 1:3:6 for the physical
propertics considered, as shown in Fig 4.6

The slag-cement concrete ol 2:3:6 mix ratio proved that a lot of
resources have been wasted in totally depending on WAPCO cement Tor
walling. The slag-cement concrete blocks have higher cohesion, higher
compressive strength, low moisture content and negligible level ol
shrinkage. With the recent economic reforms we can save a lot of our
meager resources by turning BEAL slag — (a waste product. posing disposal
problem in our iron and steel industries) to wealth with little efforts and

limancial mput.
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Fig. 4.6 Comparison of Results of Compressive Strength tests on slag/cement
conerete of 0%, 153% and 25% Slag Replacement.

Sowrce: Field Survey
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4.8  Economic Consideration

The EAF slag blocks that are derived as a result of pradual
replacement of cement by EAF slag showed hittle or no difference in
compressive sirength as compared to cement-sand blocks in the mixes.

From chemical constituents of cement to slag; iron oxide (Fe:Os.
5.20%: 8.66%); S0 also Alumina (A0, 2,14%: 6.4%). Magnesia (MgC,
I 40%%:13.56%). There is a slight differcnce in Silica content 1.e. 19.3%
for cement and 18.13% for slag (Fig. 4.7). Moisture content of cement is
0.18% but that of slag i1s 0.72%. The paricle size distribution of slag,

L OGmm to O, 100mm varies fom 100% 10 62.03% while that of cement 15
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from 1LOOmm o 0. 100mm ranges from 100% 10 72% hence Lincly as
shown in Fig. 4.7

Considerimg the fact that 5 bags of cement plus 30 head pans of
sandd produces 200 blocks, al the current price of cement fuctuating
between M1650.00 and M1B00.00 for an averagely decently — designed 3
bedroom 1Tatl, one needs 3000 blocks. Hence at 200 blocks from 5 bags
plus 15 head pans of sands. Price of coment required 15 5 x 81650 x 15 =
B123, 750,00 less workmanship and transportation, Using 25% ol EAF
slag will reduce 5 bags of cement by 25% 1.¢ using 3.75 head pans of
cement plus 1.25 head pans of EAF slag with 30 head pans of sand o
produce 200 blocks.

Hence 3000 blocks will cost 3.75 x 1650 x15 = 24750 x 3.75=
NO2 B12.50, Dilference = d123,750- 92 812,50 = 30,937,530,

From this analysis, it is noteworthy, that with 25% replacement of

cement with EAF slag reduced cost of 3000 blocks by 830,937.50
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CHAPTER FIVE
STATISTICAL ANALYSIS

The data were subjected 1o Anova. 1L shows good correlation
and the regression analysis is reliable. The model used being

y = 0.8 1x; = 0.423x; + 12.518x; — 28.902
where y = age of cube (AOF cube)

x| = mass ol cube (kg)

x» = crushing strength and (kN/mm”)

Xy = compressive strength (N/m ml]

Correlation 1s sigmilicant al 0.01 levels. From the meodel.
summary R confirms reliability i.c, R™ = 0,845, {Appendices B and
)

Muoisture Content

The mean mass of the cubes ranged rom 6.14 kg o 6,49 kg,
I'his conlirms the lear enterlained by grouping the cubes as at
when moulded i.e. the preparation of each set of cubes were at
different stages and were categorized, The standard deviation
ranged from 001387 1o 0.223. The difference between the lower
bound and the upper bound at 93% conlidence interval for mass is

very insignificant.



e

Compressive Strength

The mean compressive strength ol each group ranged from
4.35 kgfem® o 9.24kg/em’. The standard deviation ranged from
(.2597 to 0.8464. This conlirms the authenticity of the valucs, The
diflerence between the lower bound and the upper bound at 95%
conlidence  interval  for the compressive strength s cqually
insignificant,

The values were analysed statistically on the mould lincar

Leralog,
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CHAPTER 51X
6.0 CONCLUSION
6.1 Sawdust - Cement Blocks ¥

Sawdust conerete is a form of lightweight concrete that has fairly
low compressive strength. The compressive strength of the blocks of
F:3:6 mix ratio was better than those of 2:3:6 mix ratio. The compressive
strength of both mixes (i.e. of 1:3:6 and 2:3:6 appreciated considerably as
the curing ages increased. The only visible problem was crocking which
suggests that efforts could be intensilied in linding ways for curtailment
of the cracking. Sawdust that is the major material in Sawdust — Concrete
blocks is available at minimal or no cost.

I'he major problem of sawdust — concrete blocks, however, s
cracking. To avoud cracking, sawdust — concrete blocks are tailored for
use i non- - load bearing walls, Hence the use of Sawdust in Sawduost
Conerete blocks is for cost reduction, in a way, and solution o disposal
problems on the other hand.

0.2 EAF Slag-Cement Block

Fram the resulis of the mixes obtamed rom EAF Slag-
Cement, we conclude that industrial wastes from furnaces in the iron,
steel and glass industries could be used as an alternative raw material for
cement in the building industry, That cement can be replaced by up

25% ol EAF slag in block making without appreciable loss in strength is
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a welcome development in view of the escalating cost of cement. The use
of EAF slag in block making is very cheap. does notl demand extra cnergey
and is very durable. With the present prohibitive price of cement, which
i5 obviously beyond control, part replacement of cement with EAF slag
will drastically reduce cost of walling materials.

I'hough the compressive strenglh of the specimens decreased
with increase n slag contenl, the compressive strength  improves
noticeably as the curing age increased towards 90days. 1t is. therefore,
ohserved that with replacement of cement up to 253% slag and increasing
the curing age o 100days stabilise the compressive strength.

6.3  Suvgegestion for Further Work
I humbly wish 1o suggest that:
Investigation into the curtailment of cracking in Sawdust-

Concrete blocks should be carried oult.

2 Further work is suggested on heal absorption capability ol
FAF slag conerete blocks in maintaining comtort condition
(cluring the cold and hot months) i buildings,

3, All available building raw materials should be seriously

researched into and appropriate steps taken by government
o encourage their use in the production of walling materiuls

adaplive to our tropical conditions.

Lt
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Reputable scholars  [rom  recognized Universities  of
lechnology such as FUTA should be commissioned to
conduct [urther in-depth investigation into the relevance of
our locally available raw malerials [or walling purposes,

Peaple should be re-orientated to develop objective social
attitudes towards patronizing such locally produced walling

and building materials,
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APPENDIX

Appendis Ar Resulbts of Compressive Strengih Tests an Sawdost Concrele of 1:3; 6 Alix

Hirtio
| CUBE REF | AGEOF CUBE | MASS OF | CRUSHING COMMPRESSIVE |
___NO (DAYS) CUBE (hg) | LOAD (Kn) STRENGTH (Nnm')
X (.50 94.7 4.22
Xa 6,70 93.3 4.16
Xs L 0.65 4.0 4.19
My 0,30 YU 445
Xs 6. 30) |107.2 4.78
X, 6.45 129.2 5.76
X3 f.60 132.1 5.849
A 15 .00 127.6 3.04
¥ .30 128.5 573
% 635 | 1350 0.2
| Xy 0,20 I48.3 B4
X 3,50 206.2 9.27
X3 23 (.30 1860 8.36
X h.30) 221.2 B84
X ] | 600 2274 10.22
TABLE 4.1
X
X7
X are identification numbers on each cube
Aa
X5
Appendix B: Analvsis of Varianee for Changes in the Weight of Sawdust before
and after lgnition
Summary T e o
| Groups - Count Sum __‘_.lfﬁ._'l-:g_l‘:r_l_gl: - Variance
| Initial Weight 3 | 00,341 2Uh 082 2462824
Er_‘ighl on lgnition | 5 ¥r130 194278 1929705
Ao S
Source of Variation | 55 drf | MS F Povalue | Ferit
Between Groups 102528 |1 | 1.O2328 | 0466829 | 0.513747 | 5.317643
Within Groups [7.57014 | 8 2. 1%5207




Appendin C: Analysis of Variance for Compressive Strenpth Tests on 30days
Sawdust Conerefe 1:3: 6 Mix Hatio

SUmmAry Count S Average Variance

L I 7. 6.827273 0. 104182

Dy 11 79.5 L2213 (198182

I3 11 713 T2 0064182

bR 1l TH.G T 145455 (LUSOT2T

(B 11 K01 T.I8I818 (U996 36

Py 3 ilG 6.32 0027

P 3 337 6.74 {).09%

s 3 4.8 .40 (.033

P3 3 35,6 112 0012

Fa 3 359 718 fh.032

Ps 5 6.5 73 A5

Pa 3 365 7.3 (LO45

[*y 3 305 7.3 0.045

Py 3 365 1.3 0045

Py 3 6.5 73 0.045

P 3 36.5 3 00435
— I

Anowr . PR

Source of Vaviation |88 [df [MS F | Povalue | Ferit

ows LA40T72T | 4 (LIGUTE2 [ 3221138 [ 5.04E-12 | 2.605972

Columns 5021819 [ 10 | L502182 | 4491057 | | 38L-18 | 207725

Error 0.447273 [ 40 [ 0011182

| Total 6.909818 | 54

Appendix 1 Analvsis of Varianee for the Particle size distribution of Cemuent,
Stag and Sand

Summary -{'.:m_l__l;l | Sum Average ] ‘_"I_!-!._r.i.lll'l.i.!t.
| 3 294,55 09,85 | 0.0675
(L8 1 2949.05 99.68333 (1300833
.6l 3 20847 w949 .54 |
0.4 3 297.47 9915667 |.BI7453
315 3 282.67 94.22333 7306293
(.23 3 237.07 7913667 3340812
.06 i 6% 48 5649333, 115,534
(125 | F17.52 JHTIAS 2277053
.1 ] 7428 24.76 Mo, 1 13
Cement (%) '] 63168 70, 18667 [304.568
Slag (%) 9 B33.35 S3.01K8Y 572916
Sand (%) 49 S8H.87 6543 | 654,542




_Anova

Source of Variation | 88 dar [MS TF [ Pevalue | Ferit
Hows 20744 5% 2503073 | 7009831 | 0000444 | 2591094
Columins 4550 4835 | 2 2273418 | 0291516 | 0.00904 | 3633716
Errar STROCOEE | 16 | 3600643

Total | 31082.05 | 26 | =

Appendix E: Physical Propertics of Cement Slag and Sand

Bulk Density
Muisture Conlent

Bulk Density

Plovisiure

Cement
1.37
IRE

Cement
[.37

Cement
N ]

Slag
1.58
0.72

Slag
.38

Slag
0.72

Samid
248
017

Sand
248

Samdd
17

Appendix F: Analysis of Variance for the Chemical Constitucnts of Cement and

Hlag
Summary B
 Groups | Count Sum CAverage | Variance |
" Cement 8 9945 1248125 4707551 !
| Stag T 9948 1426857 | 1185771 |
Annova —
Souree of Variation 55 dfl | MS F [ P-value | Ferit
Between Groups (19262 |1 10.9262 | 0038 | O.847090 | 4.66T180
Within Groups A48 [ 153 | 3082114 | 695
Tirtal 4uiE6a74 | 14
CAppendix Gt Mechanical Grading of Base Sand e
Sieve size (pm) | Grain retained (") Multilier | Produce | Cumulative
— () retained (%)
T 11,30 0w E T I
T 24l 24l 6 | W6 | 1m
&S0 4.50 136 | 15 R0 |
— 8,20 BI0 25 20500 | 1547 |
251} 5562 55.62 45 J502.80 170
1A MI8 [ 208 | 60 | 145080 | w527
125 4.43 443 Bl 35483 | w0
5 (.16 .16 I 26,24 4,81
45 (014 0.14 373 E R
' 100,00 10000 666,00

Gl




Appendiz H: Chemieal Constituents of Cement and Slag

Compound Mass of Ordinary | Slag (%) |
Portland cement (%)
Lime Cat) =~ ez 34.01
| Silica S0 s 817
Iron Oxide FesOy 5.20 | 866
Aluming AlO; - 2.4 640
Magnesia Mgt ET 13.55
Manganese Oxide MnO s 2.18
Others (805, Naz0 K0 ete) 437 5.9

~ Appendis Iz Resuli for Moisture Content of Sawdust Conerete of 2:3:0 Mix Hatio

o maastore rur.lﬁnl. - |

| S phe Mo Iniitial Mass m, | Melass oii | Dilference  in

(kg irnition m; matss (ki) (T LT LI
= (lig) iy, - m,

S 2.852 2.620) 0.232 8.8

o 2548 2.040 0.208 7.8

83 2754 2.536 0.218 B3

P 2,960 2.730) 0.230 H.42

Se 202 2.700 0.220 8.14

Appendix J: Results of Test on Moisture Content for Slag-Cement Concrete of

2:3:6 Mix Ratio
Sample No lmitial Mass m, | Mass DB
(ks ignition
(LT]
B | 4.04 3.82
3 4,10 3.84
(B 4.16 3.88
[3; 4.16 1.88
Ly 4.06 3.82

62

Dilfe n.'-uuu

W mpgastare comicnl =

in

miiss (hg) {m, — iy x 1IN
i, - fly L]

.22 37

.26 | 6.7

(1L.28 1.7

(.28 7.2

(.24 6.2




