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ABSTRACT

This thesis is an investigation into the properties of
concrete using "Atile" seeds as coarse aggregate.

The work involves the prior determination of the physical
properties of the "Atile" seeds in the |aboratory, e.g. specific
gravity, absorption rate, bulk density, moisture content, voids
ratio, porosity, etc. wusing standard met hods of determ nation of
these properties as given by Orchard (1962), Neville (1981), and
Murdock and Brook (1984), and m x design.

The properties of concrete investigated are compressive

strength, resistance to abrasion as compared with normal concrete,
cost comparison of wunits of "Atile" concrete and normal concrete
Modul us of Elasticity, bond, and split tensile.

The compressive strength was determ ned at ages of 7, 14, and
28 days of curing while all others (except for the cost comparison
of units) were determ ned at 28 days of curing.

The compressive strength tests gave a range of 10.15N/ mm to
18. 27N/ mm characteristic strength making it suitable for both
structural and plain concrete construction.

For the resistance to abrasion, the concrete produced of
"Atil e" eroded almst 2.5 times the normal concrete. The relatively
|l ow cost of the "Atile" was offset by the high cement content
needed.

The Modul us of El asticity ranges from 4. 10kN/ m? to
10. 12kN/ m?, i.e. about 17% to 28% of that of the normal concrete.

This low value of the Modulus of Elasticity makes this type of



Svidi-
concrete suitable for resisting inpact |oads. The rich nmix provided
the greatest bond with both deformed and plain bars than the
relatively weaker m x. The split tensile tests gave results ranging

from 4% to 7% of the conpressive? strength of the same mx at 28

days of age.
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CHAPTER ONE ~ INTRODUCTION

1.0 Background

A¢ricultural bv-products are increasingly finding greater
application in the Construction Industry as efforts are geared
towards exploring possible substitute materials for the production
of concrete in lLerms of aggregale, i.e, both coarse and fine.
Anaother lactor as to the favourable disposition Ltoward agricultural
byv=-products is to explore passible wavs of disposing of these hyv-
products that tend to constitute a health hazard and an eve-sore.

Research works into Lhe use of agricultural byv-products for
concrete production have been entered into such as sawdust, other
woodwastes such as splinters and shavings, rice husk, cork
granules, palm kernel shells, periwinkle shells, etec., and these
researches have come up with wavs of putting these byv-products into
useful application.

"ALile", scientifically called Canarium Schweinfurthii, is a
small oval fruit with a hard stone-like seed. It has a yellowish
green colour when unripe and bluish black when ripe. The seed has
been used in traditional construction - particularly in flooring
and wall construction where Lhe Lrees are €rown.

One of the major reasons for which the National Building and
Road Research Institute (NBBRI) was established was to conduct
research on lecal building and construcltion materials to determine
the most effective and economic methods of their utilisation.
Infact, the NBBRI recognised from inception that one of the most
effective strategies in reducing the cost of housing was the

development of effective building materials from locally abundant



materials such as clav, agricultural and industrial wastes (NBRRI,
1991).

This research work therefore, at the onset, is out to compare
the properties of concrete using "Atile" seeds with regards to
compressive strength, resistance Lo abrasion, cost comparison of

units, Modulus of Elasticity, bond and split tensile strength.

1.1 ATM
The aim was to assess the vroperties of concrete produced
using "Atile” seeds as coarse ag¢redate based on acceptable

parameters,

1.2 OBJECTIVES

The objectives among others include the following:

{a) To determine the characteristics of "Atile"” as an
addregate, e.g. shape, surface texture, water absorption,
etc. that will affect the strength:

(b) To determine trial mixes and arrive at a suitable mix
design:

(¢c) To determine the resistance of concrete produced using
"Atile" seeds as compared with ordinary (normal ) concrete;

(d) To come out with a definite position of the potentials or
otherwise of Lhe "Atile" seed as an aggredale in concrete

production.



1.3 NEED FOR THE STUDY

The need to investidate the performance/properties of concrete

produced using "Atile" seeds as a coarse aggredate arises from the

following:

(1)

(ii)

(iii)

tiv)

The traditional adgregates are hecoming scarce, so the
need to look for substitute materials;

The traditional materials are becoming verv expensive
due to production costs emanating from high import
duties on the machinery and spares, maintenance and
running costs of the equipment;

The depreciation of the lecal currencv against other
international currencies has also made the production
very expensive thereby making it necessary to look for
substitute materials thal are relativelyv cheaper.
"Atile seeds are being used as a flooring material in
traditional construction with mud in areas this material
is found so that there is the need to further
investidale its application using cement as the binder

instead of mud.

1.4 METHODOLOGY

The material was acquired and anv preparation required on the

adgregate was done, i.e. sieving off unwanted particles like ¢grass

hlades and

the seeds.

removing dried uneaten flesh of the fruit sticking to

Trial mixes were prepared drv first before adding water to the

dry mix. In this case, the mix consisted of cement, sand, "Atile"
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seeds (as coarse agdredate) and water in specified ratios. This was
cast in cube moulds of 150mm, (Novgorodskv, 1973) and cvlinders of
300mm lenegth and 150mm diameter (Neville, 1981).

The design of mixes was according to the standard method of
mix design., The water-cement ratio "law" was applied instead of
proportioning on the basis of the cement content preferable for
lightweight aggregate mixes (Neville, 1981). The reason for this is
that the aggregate is oval in shave with a sealed surface with
little absorption,

Curing of cubes and cvlinders began 24 hours after casting and
the crushing was phased at 7, 14 and 28 davs of curing for the test
cubes and 28 davs for all the test cylinders.

Results collated were analyvsed and the average and
characteristic strengths for the mixes were calculated using the
standard methods of analysis of specimens for less than 25 in
number as given by Novgorodsky (1973). From the results,
conclusions have been drawn and recommendations made.

1.5 SCOPE AND LIMITATIONS

The main properties tested in the research work were the
compressive strength (crushing strength) as stipulated in the cube-
crushing tests by Novgorodsky (1973), resistance to abrasion, cost
comparison of units, Modulus of Elasticity, bond and split tensile
strength,

Due to limitation of time, long-term properties of concrete
like creep could not be tested but with the results of the Modulus

of Elasticity, creep could be understood in terms of its magnitude



- either small or much.

Limited quantity of test cube moulds made casting of higher
numbers of cubes without much variation impossible and financial
constraints in Lerms of transporting the "Atile" aggregate from
areas it is available - Plateau State and Southern Kaduna State to
Zaria contributed in just having a limited quantity of the

aggregale for the experiments.



CHAPTER TWO - LITERATURE REVIEW

2.0 Introduction

An attempt. is made to present the information available on the
"Atile", i.e. its family., where it is found, how it is cultivated
and its present uses and information on concretes produced of
similar materials - particularly lightweight concrete.

2.1.0 CANARTUM SCHWEINFURTHII - Group Background

Burseraceae, a large family of which Canarium Schweinfurthii
is a member, is found in the tropics in rain forests and in dry
areas (Voorhoeve, 1979).

In West Africa, this family is represented by five genero
only. These include Boswellia (otherwise called Frankincense
African Elemi ~ Elemier d'Afrique}, Comiphora (African Mvrrhi,
Santiria {which is Pachylobus - bush butter tree, Native Pear in
Southern Nigeria (Dalziel, 1936) and Dacvoedes. This family of
Burseaceae is found in Nigeria (Keay et.al., 1964),

The name "Canarium” is from the original Malayan Vernacular
name "Kenari" in the Mnlucca Isles of Malava. Schweinfurthii refers
to G.A. Schweinfurth, a German Explorer and Scientist {1836-1925)
the collector of the type of specimen.

The genus Canarium Linne 1is widespread in South-East and
Trapical Australia with about 70 species: but on the main land of
Africa, only two species occur: Canarium Madagascariense in East
Africa and Canarium Schweinfurthii in West and Central Africa
(Voorhoeve, 1979},

It is variously called in West Africa: Burkina Fasso (Cien or
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Paja): Sierra Leone (mbili bv the Me): Liberia (goe-kwehn by
Bassa): (6te d’lvoire (aie’le or ahiele bv Agni and Apvpollonian
Nzima): Ghana (bedimunua by the Ashanti and kurutwe by Wass and
others); Nigeria (atile or atilis byv Hausa, eshia by Nupe, Fwat
by Berom, Fhat by Kagoro, Dihwat by Baj.,ju (Kaje), ako by Yoruba,
etc,). In the Camerouns, it is called wotua by Bakwiri: hehe by
Bakundu and say evidi by Duala,

This tree is of the upper canopv of the forest, sometimes
even emergent up to 50m high and 1.5m in diameter, rarelv up to
1.8m, (It is abundant in hill forests with good rainfall: but it
is being planted now. On the Bauchi Plateau that extends to Jos
and Kagoro, it is believed to have been introduced bv the local
people). The base of the voung tree is swollen or provided with
low, thick spreading root swellings, which on ¢rowing old,develop
into heavy root ridges up to 0.4m thick,reaching as high as 0.9m
on the bole (main trunk of the tree) and often spreading in
sinuous curves far from the tree, partially above the ground.
Above the root swellings, the hole is straight and cvlindrical up
to 30m free of branches when fully mature. The crown, abruptly
spreading from the end of the bole, is heavily branched and
rounded, not very dense, and characterised by the tufts of leaves
at the end of the branchlets. The bark is vellowish brown or
light-grey brown, rough and fissured, sometimes longitudinally
flaky or scaly, sometimes weathering on the tree, often vellowish
on Lhe spreading surface roots, about lem thick, rather hard and
fibrous; old trees are known to flake off their bark in

conspicuous rectangular scales, Voorhoeve (1979).



Medicinal Importance

An infusion of the boiled bark is considered efficatious for
removal of intestinal parasites. For leprosy, the inner bark is
ground in a mortar and mixed with water, rubbed on the skin and
dropped in ulcers twice daily and the patienl is forbidden to eat
cadfish and sexual intercourse becomes a taboo. A cure is
promised within a vear. The bark may be used for the coagulation
of funtumia rubber, Voorheoeve (1979). Again, medicinallv. a
decoction of the bark is an indredient in prescription for
dvsentery. The o0il i1s commonly used in Northern Nigeria, both
internally and externally as well as in superstitious practices.
In Camerouns, chancre is treated by a decoction of the barks of
canarium, Chlorophora and Mammea Ebboro, in which the patient
sits for two hours, after which a dressing of powdered leaves of
Alchomea is applied (Dalziel, 1936).

The slash is red or light brown., emitting a strong
turpentine-like odour and exuding a heavy, sticky oleoresin, very
odorous, colourless at first but solidifying to a sulphur-vellow
resin-could be whitish, (Keay et. al., 1964) which 1is not
unpleasant Lo taste; it gives an incense odour in burning and is
somelimes so used, as well as being a local illuminant. This wax-
like resin mells easily and is used to repair potterv, and by
hunters as flares ("bush-candle"). It is ground up with o0il or
shea butter, etc to impact fragrance for anointing the body, and
used also Lo fumigate apartments to drive out mosquitoes. The
soot is rubbed into incisions in tattooing similarly to prepared

indigo and charcoal. The resin could be of some commercial value
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if collected and stored in a soft state without allowing it to
harden and crack.

Dalziel (1936) notes that Chevalier stated that the gum copal
of this species is kpnown in Cote d'Ivoire by its Adiokrou name
"aie're". According to Dalziel, Elemi proper was formerly used in
medicinal ointments and plasters, and is used at present in
industry in varnishes. The African elemi, sometimes imported inlLo
FEurope is an oleo resin with pleasant aromatic odour resemhbling
true elemi (of canarium luzonicum from the Philippine Islands) in
chemical properties and composition, but with a smaller
proportion of volatile oil, The resin is sometimes eaten in small

amounts as an antidote for gonorrhoea.

Physical Characteristics

Dalziel and Voorhoeve note that the sapwood is whitish and
often very thick (up to 10cm wide) with pinkish reflections; the
heart is also pink, darkening to light brown mahogany colour. Tt
is comparatively soft, elastic, li¢hter in weight and colour than
a mahogany, but had been sold before as Gabon Mahogany, light
Benin or Pink mahogany and white mahogany, the last name being
given also Lo Limber of pachyvlobus klaineanus, a Gabon tree,
(Dalziel, 1936). Native uses of the wood include mortars, canoes,
planks, general building purposes and fuel,

As Lhe wood is fairly light and not very strong, it has a
specific «ravibty of about 0.5 (Voorhoeve, 1979). The texture is
rather coarse, Lhe grain straight or interlocked. Tts aquarter-

sawn Limber gives a decorative striped figure and the wood has a
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satiny lustre. Where it is used as furniture, it has severe
dulling effect on tools and so not very suitable for interior
work, .joineryv and construction. The wood is perishable, likelv to
be stained and attacked by ambrosia beetles or termites. It is
extremely resistant Lo impregnation thereby making seasoning
quite difficult. In Europe, Voorhoeve notes that it is sometimes
used as core veneer which might create a possible market, as
canarium is fairly common in Liberia.

Canarium Schweinfurthii is found in the evergreen foreslis,
the semi-deciduous-and the gallery forest. Keay et. al. (1964)
state that its habitat is secondary forest and sometimes planted.
1t prefers well-drained slopes. Values of 20 - 30 trees of 60cm
diameler or more per square mile (about 2.56sa.km) have been
recorded in Liberia (Voorhoeve, 1979).

The tree is deciduous in the first half of the dry season,
October to January. The flowering season is from February to May.
In Nigeria, the fruits are from February Lo March and June to
August (Keav et.al., 1964).

Although canarium has not been exploited commercially on a
large scale, most of it is planted for the fruit to be sold.
Infact, in areas it is found and grown, people use it as a source
of income., Tt 1s sold in markets in areas where the tLree is
found. The fruit is like an olive or date, 25-3Bmm long blue
black with a triangular calvx persisting at the base. The slight
greenish outer pulp is of oily consistence and edible which is
why the fruit is sold and eaten and the hard nut discarded.

The nuts are made into necklace: and are sometimes carved and
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used for making musical instruments. The nuts are cut and
stringed round a calabash gourd (called "shaka" or "chaka") which
produces a "Chack" sound. There are 160 - 270 seeds per pound and
this is about 360 - 600 per kilogramme. The seed remains viable

for over two vears (Voorhoeve, 1979).

2.2.0 LIGHTWEIGHT CONCRETE - lts Historical Development

The discovery or advent of cement has brought about a
"permanent” solution to efforts in achieving durable forms of
building construction: it has virtually replaced almost every
form of binder in solid and rigid construction, That cement has
great advantages is indisputable; it can be mixed with diverse
materials to produce different forms of concrete - dense
{heavyweight /conventional) concrele, lightweight concrete,
insulating concrete, ete, depending on the intended use to  which
the concrete will be put or the materials used to obtain the
finished product.

Lightweight concrete is used today in practically every
application of normal weight concrete where reduction in dead
weight leads Lo signiflicant savings in Lhe cost of the structure.

Lightweight concrete is not just one product but a spectrum
of concretes that vield a variety of results and a number of
needs. Tt can be a gasecous or foamed concrete that uses specially
prepared chemicals: it can be of no-fines concrete that uses
ordinary €gravel or crushed stone, a normal weight aggregate
concrete with an excessive amount of entrained air, or a concrete

thal is made from lightweight aggredates, Lightweight concrete is
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taken to mean " a concrete wilh a dry densily of between 300 and
1850kg/cu.m” (Neville., 1981).

Notwithstanding Lhe fact Lhal it is only in recent vears that
lightweight concrete has become familiar, 1L is definitely not a
new ¢lass of building materials, The Romans emploved a  lot  of
lightweight concrete and it is known that Lhe 43.59m diameter
dome of the Pantheon in Rome, built in the 2nd century A.D. is
largely composed of in-situ concrete emploving pumice aggredate.

In Nigeria, the work into the suitabilityv of certain
malterials for the production of lightweight concrete is
relatively new: Nuhu-Koko (1988) on "the use of palm kernel
shells as advregate for concrete” and Bukata (1989) on the "the
use of periwinkle shells as lightweight aggregate for concrete
construction" are M.Sc. theses in the Department of Building,
Ahmadu Bello lUniversity, Zaria, Nigeria that came out with
favourable results. However, not much attention mayv be given to
the use of lightweight concrete in Nideria for many vears Lo come
for the simple fact that rocks abound Lo supply coarse addredate
"forever", and also if the present trend of lack of <governmental
interest persists. While most countries have industrial wastes to
be used For lightweight aggregate, the situation is not the same
in Nigeria.

The development of new types of lightweight concretes and the
increasing use made of such materials is reflected in and was
itself encouraged and helped by the work of research workers in
many research institutions throughout the world., Initial research

works an the possible use of lightweight
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aggregate Lo produce lightweight concrete were extended to the

study of structural use of lightweight concrele,

2.2.1 Need for Lightweight Concrete

The most obvious characteristic of lightweight concrete is
the weight which is often only a fraction of that of ordinary
concrete. Reduction in densilty leads to reduction of deadloads
which may lead to reduced sizes in many sections and therefore,
may require less concrete and reinforcing steel. Lightweight
concrete may cosl more per cubic melre, but the structure may
cost less as a result of reduced dead weight, Overall rpreduction
in building weight generally reduces foundal ion costs. The lower
density (reduced density) enhances faster building rates, lower
haulage and handling cosl, complex designs being made possible
and also taller baildings,

A less obvious but nonetheless important characteristic of
lightweight concrete is Lhe relabtively low thermal conductivity
which 1t possesses = a property that is known to  imurove wilh
decreasing densily. Infact, il is known that Lhermal insulalion
varies inverselyv wilh Che anit weight {density)  of councrete
(Neville, 1981). In view af the foregoing Lherefore, the use of
lightweight concrele would he most appropriate for our climalije
conditions, The poinl would have been made if it is realised that
A  150mm solid wall of aeraled concrete will give an  insulation
about 4 Limes thal of a 225mm blockwall.

ITn framed structuares, Lhe frame has to carry the load of

fFloors and walls and considerable savings in cost can be hrought
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about by using lightweight concrete for floors, partitions and
external cladding.

Experimental and practical experience in the industry has
shown that faster building rates can be achieved with lightweight
concrete than with the more traditional materials, and for this
reason many builders todav are prepared to payv considerablvy more
for lightweight concrete unit than for bricks for the same wall
area, With most bhuilding materials such as clay bricks, the
haulage load is limited not by volume but by weight. With
suitably designed containers, much larger volume of lightweight
concrete can be hauled economicallyv.

Quite apart from their technical advantage in building, some
lightweight concrete have the additional merit of providing an
outlet for industrial and/or agricultural wastes, e.g. clinker,
pulverised fFuel ash, blast furnace slag, rice husk, palm kernel
shells, periwinkle, ete. Apart from agriculture, building is the
largest single industry and the only one able to absorb
industrial wastes which are produced in millions of tonnes
annually, While it is true that the conventional materials can
last "forever", it is equally true that in many areas, the
traditional concrefe materials, sand and €ravel, are becoming
very scarce. Lightweight concretes, even if it had no olher
merit, would eke oul the supplies of concreting materials in
these areas. In Nigeria here, where the traditional materials are
nol. scarce, the machineries for their production are imported
which are veryv expensive-moreso with the low exchange rate of the

Naira.
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Apvpart from the initial cost, sales tax. transporting to
unloading point and handling charges, life (operating hours)
span, depreciation, repairs and renovation, fuel and power,
lubrication, taxes, storadge, installation charges will all be
shouldered by the consumer of the product - there is need to
explore other avenues that need little or no treatment or where
inexpensive treatment of materials will be involved to reduce the
cosb.

For many purpvoses the advantages of lightweight concretes
outweigh its disadvantages and there is a continuing worldwide
Lrend toward using more lightweighlt concretes and also toward
using it in new applications including prestressed concrete,

high-rise buildings and even shell roofs.

2,3.0 CLASSIFICATION OF LIGHTWEIGHT CONCRETES

Neville (1981) gives three broad methods of producing
lightweight concrete as follows: In the first, porous lightweight
aggregate of low apparent specific gravity is used instead of
ordinary aggregate whose speciflic gravity is approximately 2.6,
The resultant concrete is #enerally known by the name of
lightweight aggredate used.

In the second method, introduction of large veoids within the
concrete or mortar mass is adopted to produce the lightweight
concrete. These voids should be clearly distinguished frowm the
extremely fine voids produced by air entraining. This tvpe of
concrele is  variously known as aerated, cellular, foamed, ¢gas

concrete or porous concrele.
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The third means of obtaining lightweight concrete is bv the

"no-fines" method, which 1is based on eliminating the fine

aggregate in the mix and introducing large interstitial volids and

mostly coarse adgredate of ordinary concrete is used generally.
This concrete is described bv the term "no-fines” concrete.

The afore-mentioned methods are but one means of making

concrete light = this involves including aar into its
composition. Although there are three distinct tvpes - no fines,
lightweight agegredalte and aerated - concreles are made which are

combinations of these e.¢. no-{ines concrete emploving the use of
lightweight aggregales, and aerated concrete containing cellular
agdredate.

A further classification of lightweight concrete is based
upon Lthe purpose for which it is to be used: distinguishing
between structural lightweight concrete and concrete used in non-
load bearing walls., for insulation purvoses, and the like. In
the past, structural lightweight concrete tended Lo be a
close-textured concrete made with lightweight aggregate but,
since Lthis is not alwavs the case now, il is preferable to base
Lthe classification of structural lightweight concrete on a
minimum compressive strength.

According to ASTM standard 0.330-77, structural lightweight
concrete should have a compressive strength., measured on a
standard cvlinder at 28 davs of nol less than 17 N/sq.mm . The
density of such concrete, determined in the dry state should not
exceed 1850 kN/cu.m and is usually between 1400 and [800

kg/cu.m, Insulating concrete generally has a density lower than
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800 kg/cu.m and a strength between 0.7 and 7TN/sa.mm. The
essential feature of insulating concrete is its co effecient of
thermal conductivity which should be below about D.3J!mZSUC/M.
(Neville, 1981).

Because of Lthe generally lower modulus of elasticity of
lightweight concrete allowance wmust be made for creep in

lightweight concrele even Lhough the creep, taken on the bhasis of

the stress/strength ratio is of the same order as for ordinary

concrele speculations have it that long term creep for
lightweight concrete 1is somewhat higher than for ordinary
concrete- Lhis has nol been proved though., Poisson's ratio

appears to be similar to that for ordinary concrete. "In general,
the modulus of elasticity is about 1/2 to 2/4 of that of ardinary
concrete of the same strength. The modulus varies with density
according to to the expression: Ec = 1.7e 2 feu 0.33 x 10-6 for
concrete of density (e) between 1400 and 2300 kg/cu.m  (Neville,
1981).

The rate of strength gain of lightweight concrete is similar
to that of ordinary concrete under the same curing conditions but
is denerally less sensilive Lo absence of moist curing.

It is important to note Lhal Lhe strength of lightweight
concrele used for non-strueclinral purpeoses is not of oprimary
importance: the main requirements are thermal insulaltion, a good

surface for rendering, and not too high a shrinkage, nail-holding

properties, and in the case of precast blocks, ease of culting,

2.4.0 MIX DESIGN

The reauired properties of hardened concretle are specified hy
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the designer of the structure and the properties of fresh
concrete are governed by the tyvpe of construction and by the
techniques of placing and transportation. These two sets of
requirement enable the engineer to determine the composition of
the mix, bearing in mind the degree of control exercised on the
site, Mix design according to Neville (1981), can be defined as
the process of selecting suitable i1ndredients of concrete and
determining Ltheir relative guantities with the object of
producing as economically as possible concrete of certain minimum

properties notably consistence, strength and durability.

2.4.1 BASIC CONSTDERATION

Essentially, in the introduction, two main poinls were
stressed: the concrete is to have certain specified minimum
properties, and that it is to be produced as economically as
possible.

In concreting, cost is incurred from materials, wplant and
labour: the variation in the cost of materials arises from Lhe
fact that cement is more exvensive than aggregate., so that it
becomes quite the natural thing to do by aiming at as lean a mix
as possible, Neville (1981) states that the use of comparativelv
lean mixes confers also considerable Lechnical advantages not
only in the case of mass concrete where the evolution of
excessive heat of hydration may cause cracking, but also in
structural concrele where a rich mix mayv lead to high shrinkage
and cracking. 1t is therefore clear that making a mistake on the

side of rich mixes is not desirable, even when cost is not the
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In the past, the prescription of the proportions of the
materials was Lhe normal thing in specification., Despite the use
of certanin Lradilional mixes, vartability of the mix ingredients,
concrete having fixed cement - agd<€regale proportions and a  given
workability, no exacl strendth was achieved., while vood materials
made  Lhe speciflicaljon unduly resltrictive, adequale strenglh
could not he achieved asing  Lhe wrescribed wmix vproport ions
elsevhere, A soluliopn was sought by introducing clauses in  the
drading  of asvvregate and Lhe shape of particles bhuat this proved
hopeless 28 Lhe distribulion of nabtural agdregates in many
counbries mnde Lhese pesbrictions often uneconomic, Adherence to
the above ypeaquirements of strength, mix proportions, and
adercdgale deading and shape does pot leave room for economics  in
the mix design and makes progress in Lhe produetion of cheap and
satisfactory mines on Lthe basis of a stulyv of the properties of
concrebte impossible.

Nowadays, the tendency s to e less restrictive in making
specifications, Specifications layv down limiting values bul often
Live as a uide the traditicnal mix propoertions for Lhe benefitl
of the contractor who does not wish Lo use a high degree of
control. The limiting values may cover a range of properties;
according to Neville [1881), Lhe more usual ones are:

a) "Miniwum”  compressive strendth necessary from structural

considerations:

b) Maximum walter = cement ratio and/or maximum cement

content, and in certain candilions of exposure, a minimum
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content of entrained air to give adeauate
workabilitv:

) Maximum cement content to avoid cracking due to

temperature cycle in mass concrete;

d) Maximum cement content to avoid shrinkage under conditions

of exposure to a very low humidity: and

e) Minimum density for ¢ravityv dams and similar structures,

These various requirements must then be satisfied in the mix
design calculations. Infact the CP 110: 1972 has moved further
than ilLs predecessors Loward Lhis approach of using design mixes
where varicus minimum strengths of concrete are specified for
various uses, i.e. IN/sg.mm for plain concrete; 15N/sa.mm for
reinforced concrete wilh normal adgredgate: 30N/sa.mm for post-
tensioned concrete; and 40N/sg.mm for pre-tensioned concretes,

In the stricl sense of it, a design is impossible since the
materials used are essentially variable and manv of their
properlies cannol he assessed quantitativelv, so that what is
done is no more than an inLelligenl guess at  Lhe optimum
combinations of the indgredients on the basis of the relationships
of the various properties. To obtain a satisfactory mix, trial
mixes are npecessary to go along with the estimation of the
properties of the available materials., Adjustments in the mix
proportions are made as more trial mixes are made to arrive at a
fully satisfactory mix.

Tt is worthy of note here that the laboratory exercise does
not provide the final answer even when the moisture condition of

adgregate 1s taken into account., Onlvy a mix made and used on the
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site can guarantee that all proverties of the concrete are
satisfactorv in every detail for the particular job at hand. Two
points pecessitate Lhe statement above: Fiestly, the mixer used
in the laberatory is genernily different in type and verformance
feom Lhat used on Lthe site.

Secondls, Lthe wall effect {arising from the surface to volume
ratio) 1in laboratopy test specifications is larger than in Lhe
full size slructure, so thal the sand content of the @ix as
determined in the Taboratory may be unnecessarily high.

Ot her factonrs such as  the effects of handl ing 2
transporting, delav in placing, and weather conditions mav alse
influence the properties of concrete an bthe site; but these aAre
secandary and necessitbate minor adiustments in the mix

propertions during the progress of work.

2.4.2 FACTORS IN THE CHOICE OF MIX PROPORTIONS
The objective in desidning a concrete mix 1s to determine the
proportions of cement, Tine and coarse aggregates and water which

will satisfy Lhe Tollowing requilrement s:

Compressive Shrenglh
a. Mean Strength: This is one of the most important
properties of concrete both per se and in so far as
it influences many other desirable properties of the
hardensd concrete. Basically, the mean compressive
strenglh reguired at a specified age, usually 28

davs, delermines Lhe nominal waler-cemenl ratbio.
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b. Minimum Strength: Structural design is based on the
assumption of a certain minimum strength of concrete,
but the actual strength of concrete produced, whether

on the site or in the laboratory is a variable auantitv,
The design aims at » mean strength higher than the

minimum strength.

Quality Control

Neville (1981) notes that the lower the difference between
the minimum strength and the mean strength of the mix the lower
the cement conlent that need be used. The factor controelling this
difference for concrete of a given level of strength is the
quality cantrol. By this, it it meant the control of variation in
the properties of the mix ingredients and also control of
accuracy of all those operations which will affect the strength
or consistence of concrete batching, mixing, placing, curing and
ltesting.

Cements from different sources bring about variations just as
grading of agdgregates. Variabtions in strength of concrete arise
also from inadequate mixing, insufficienlt compaction, irregular
curing, and variations in testing procedures. These factors need
Lo be controlled,

Qualily ConLrol 1s somelbimes taken to be syvnonyvmous with
production of high-strength concrete. This is certainly not so as
low strength concrete can be manufactured under good control and
this is indeed practised in the case of mass concrete

construction where obtaining large quantities of lean concrete aof
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low variability results in larde e¢conomics, The degree of control
is evaluated by Lhe variation in the Lest pesullts by various
stabislical Lechniqgues.

Finallv. it must  be  remembered thalt conbraol includes
supervision, and ils absencve, coupled wilth inferior workmanship,
can nullify  all the efforts of mix design and specification=-
gquoles Glanville thus, “Lhe differvence belween good and  bad
worhmanship  and  supervision mav well he  represented by the

difference helween almost indefinite 1ife (of concrete) and a

life arl ulcl,\' a Fow .\'l-'ut'!-i."

Durabilily

Concrele of rveasonable streenglh, il properly placved, is
durable under ordinary conditions bul when high strength is  not
necessary and the conditions of exposure are  such  that hizh
durability  is vital, it is the durabilily requirement that will
delermine Lhe water-cemenl ralbio Lo bhe used, 11 is worthwhile
not ing that strength, lype of cement, and durability determine
belween Lhem Lhe water-cement rabio reauired-one of the essenbial

quantilies in caleulation of mix proportion=.

Workabilily

Strength of conerete depends on Lhe gualily and quantiby  of
waler used. The wabter content of a miy should never hbe hLigher
than reguived Lo make the concrete sufficiently workabhle in
place. A low water=cvement ratio in a concrete mix makes the

concerete sUICT and siight be very difficult ta consolidate.



<

The Lerm "workabiility’ is difficult to define precisely: il
is used to describe Lhe ease with which concrete mises ocan  be
compacted  and the highes! workability musl bie atmed at getting
Lhe concrete as complelely compacied ag possible while using  the
lowest possible watep-cement valio.

Frum the Porvgoing, it 18 possible Lo sav t hat workabilitw
means teslting of the quanl ity of water. Workability of concrete
is aflfecled by the wator-coment rat o the aggregate-cement
tat io; Lhe size sand type of agdregzate and Lhe grading of the
addiegabe,

The workability Lthalt i=s censidered desirable is dependent on
two facvtors: The first of these is the size of Lhe section Lo  hLe
concreled and the amount and spacing of reinforcement; he second

is the method of compaclion Lo be uased.

Finish
A property vlosely related to workability is cohesiveness,
and Lhis depends largely on Lhe propertion of Fine particles in

Lthe mix.

2.5.0 PROPERTIES OF LICGHTWEIGHT CONCRETE

In deneral, it can be =saild that the behaviour of hardencd
lightweieht concrete can be viewed in a similar way to  that wof
pnormal concrebte, 1.e. Lhe sawme properties and behavioural aspecls
are counsidered For bhoth, although guaantitatl ively, Lthere are very
significant differences, The propertiecs of concrete are a

funct ton of Lime amd ambienl humidily, and this is why., in ovder

te bhe of value, lesls an conarelbe have to  be performed nngder
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specilTied i hnown couditions. The most common of all Lest=s on
havdened concrete is  Lhe compressive strength test, partly
because it is easy to carrery oul, and partly because most of the
desirable characteristics of conerete are gqualitatively prelaled
lo its strength: but mainly because of the inbrinsic  importance

aof the comprehensive strenglh of conerele in conslruclion.

2.5:1 Compressive SLrengih

The compressive strenglh of lighibtweight conceerte Is very much
affected by the same factors as L is  in normal concrele,
althaugh the role of Lthe ageredalte is not auile Lhe same because
there is dreater compablibilityv, with respec! Le deformatl ion
behaviour, belween Lhe aggregate and mortar. This wmeans  that
despite the rather weak aggregate particles, 1L is stil)l  readily
possible to obtain auite high strengths frowm lightweicht
agdredale convrele. Pasle =strendth (and hence waler-coement ratio)
s =Lill  an over=riding influence: because of the larger water
conlents absorbed by Lhe aggregates, Lhere can  bhe ma.jer
differences belseca Lobtal ol Free  waler-cement ralios and
complicaltions  bthat  arise  Lthrough use of the former make it
destrable, il at &l wossible, Lo use Lhe latlLer, even hough it
may he rather approximate.

The strengllli  of coucretle is affecled by many  factors  bul
chief among Lthese are: density, waler-cement rallio, Lyt
Fineness and chemicnl compeosilion of cemenl, admixlures, curing
conditions, vompaclivn, type of ageregate, lesting procedure

Acvording Yo Deshpande (1983), Lhe fullowing (able gives Lhe
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prestressed cancrete. A breakdown is as Ffollows:

Table 2.2 : Density Range Tor Different Uses of Concrele.

E USE DENSITY RANGE |
 Meat fusulation of wives 343 - 40Gke/eu !
.:: Protected inzulative screeds 292 - 105 ° E
E Screed carrving traffic 186 - 972 * E
| '
é Casing of structural steel 648 - 972 é
E PartilLion and Panel walls and non-loadbearing _ E
E witlls 648 - 972 " E
E For levadbearing walls and rendered esterior f
E walls 810 - 1620 " :
E For prestressed concrete 1782 - 24130 ¢ f

2.5.3 Tensile Strenglh

The strenglh of concrete is difficull te determine because
slandard tesls are necessaprily subjject to the influence of a
large number of yvariables cither unkoown or el capahle of
contrel. Stamndard cube and eyvlinder tests were adopted to
determine an Indes,  Father than an absolule measure, of the
crushing slrength of concrete. Varions melhods have heen Lried
Lo oblain at least an indes of the Lensile strength of concrete
(7138 none  proved entirely suitable. However, Lhe eyl indey
splitting test method has become prominent in recent vears.

A knowledge of the value of tensile strength is required for
lhe salisfaclory design of prestressed concrete <tructures,
liguid retaining structures, roadway and runway slabs. Tt is  of

vonaiderable  imporlance  in resisbing ceracks due Lo changes in
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moisture content or temperature.
The tensile strenglh 15 delermined by the formula £ = 2P/ dl

when the cvlinder splil test is uszed whepe

f = lensile strength in N/<qg.mm
Po= Failing load in N

Jd = diameter of cevlinder in mm
1 = lenglh of cylinder in mm

Advantages attributed to this test ape that it can be carried
oul.  in Lhe normal cube lesling machine and Lhe Lensile slresses
are,  Ltheorebicalls . ipduced unlformly ever abhoull  threc=quarlers
the diameler of Lthe spocimen. The strength Lthus obtained s snbont
one=Tilflleenth of Lhe combressive sbrenglh and js affected Targely
by Lhe same fFaclors x#= in the bending sbrenglh (Lydon, 19721},

The Lensile strenglh of concrele varies from one-=cight of Lhe
cumpressive strength al early ades Lo aboul one-twentielh latey.
The Ltensile and shear strendths of lTighlwe ighl ageregale concrete
are less than that for pnatiural aggredgate concrete of  the sawe
compressive  strepgith.  The rodoction in the case of tensile

strenglh may Le as amuch as 30 per cenl, Lydon (1972).

2.5.4 Modulus of Elasbicily

For the same compressive strength, the modulus of elasticity
of  Jightweight coucrele is in general considerably Jlower than
that of dense, gravel concrele (poruwal concretel. For concrebe of
high strength Lhe percentatte diflference is a bit dreater than Tor
weaker miNes, but  in =Zencral, the FE-value (Modulus of
Elasticity) of lighlweishl concrele ranges belween one=third anpd
two-tLhird of the E=value of the coarvesponding gravel concrele mix

{Kinnithurgh and Shoct . 19630 .
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A range of 0.5 Lo 0,70 of Lhe value of the natural ascregale
concrete  of the same compressive strength is taken., Thiea varies
from 7 Lo 21 KN/sqg.mwm.

The modulus of eclasticity increases with the cube  strength
and willi the density uf the concrete. The modulus of elast iclby
in of special imnportance for slructural Tighiseight conorete
consbrigetion because of ils ©ffect on Lhe Jdeflections of Tlexural
wenbers,  on Lhe distriboubtion of internal forees in the oross-

section of compression menbers and on Lhe eritical load in the

[eR =1 afl membe s Yiable to failure Jue Lo elaslic instabilits,
wle e the  lowe Favalue of lightweisht concrele hax= i

unfavourable  nfluence. On Lthe otber hand, Lhe pesistapre of
lightweaieht concrete meapbers 1o bmpact loads may be cnlhianced by

thetr lower modulus of «lasbicvity.

2:5:5 Thermal Insulalion

Oune  of the st priking fealures of lightweight conereles is the
relatively high thermal ipsulating values which they exhibit: the
inzulal ton being more o less inversely proportional to the

densily of the material.,

2.5.6 Fire ProLeclion
Anut her applicvation wf theevmal inpsulatien is in Lhe
protection af structures against Fire damage,. Lightweight

vonereles have in general a gound resistance to high temperatures.
The offect of fire on a structural element of a building depends
on  the temperature reached, Lhe duralion of the fire and of

course on the nature of the unit and its intrinsic resistance Lo
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the Lwo surfaces,

The latter i= diprectly related to the surface
characteristics of the two materials and the pressure
exerted during rubbing,

The signilicance of abrasion is apprecialed more when il is
sepen  that abrasion can be positively put Inbko use amnd can  cause
unwanted damage .

Iin order to determine the severity of conditions likely to
lead Lo damage by abrasion, il is necessary to consider Lhe
agencies which cause the abrasion to lake place.

Pust, diert and grit genervally account Tor the most common
abrasives encountered in buildings. These are readily availalde
an horizontal surfaces such as loors where as an example, t bier
abrasion mav he juterspersed between Lhe soles of shives amd  he
floor finish. The aclion of walking Jdoes in some dJdegpee
constitute a  rabbing aclion and so. under conditions such  as
Lhase, abira=ion resnlts,. Wheeled traffic may be regarded i &

similar wayv, The siverily of coodilions, in sa far as the Ffloor

is  vonceyned will depend on:
i.  The amoutil mid efficiency of abrasive material avallable:
ite The relatlive properbies of  the Itwo surface<s rubibing
auninsgd one anolthoer; and
tite The amount of teaffic, whether foot or wheeled,

T Lerms of the damade whiiteh may bLe occasioned by alivasion in
building=, Jdifficullies have beenr epcountered in making  any

posilive gquant ilal ive Asserssmenl = of i he suscepl ihilils o f
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effect ive in securing  adegualte bhond betweén cancréle and
reinforcing steel over Lhe same radius of action, averopriale Lo
a Ziven period of vibralion as  for wunreinforced cunvrel e
(Orchard, 1972).

The maiotenatiee of bend o peiaforved concrele steuctures  is
possible  because stee? ound concrete expand and canteact at  vers
similar rale ummlor chopging lhermal condibions: Were it nol Sy
recurring Lthermal =1 resses  would ocear which wight lead 1o
failure n Lwanl.

Tesl s for bond The lude: Pull-=oul tesls, Puash-anl! Ll s stnd
Beam and Bean-Lybe  Le=bs  (ASTM XNo. 169, 1956Y. ¥aluez [For
permi ssibTe bood streess ad methods of caleulating the <tiress are
given in CP 21105 1985,

RBending  dimensiens for veinforcement are given in BS 66:
1969, In eneral, hoohs aml bends are used abt Lhe end of Lars Lo
reduce Lhe lonsth of =t rad tfhl. har that wott lad oblLherwise Le
reguired for anchorage [(Murdock amd Brook, 13841).

Olher properlics thal are of  imporbtance o lightweight
concrete  are; waler absorption, raln peuclratlion, acoustic
properl ies, culbing, unailing amw! rendering,.  shrinkage Al
moisture movement, the effect of waler-cemenl ralio, the offec!

of sand admixture,

2.6.0 THE USE OF LIGHTWEIGHT CONCRETE
The mrincipal uses of lighiweight conerete eibther when cast
in situ or precas|l ared

1. For screeds  and  Lhickening for gencral PUPPOSES,



especially when such screeds or thickening add weight to
floors, uvr other structural members.

2, For screeds and walls where {imber has to be attached by
nadling,

3. For casing structural steel 1o vrotect it azZainst fire
andl corrosion and #as a covering for architectural
PUIPOSES .,

1. For heal insulation ovn roofls=,

5. For insulating walep pipes.

6. For the construction of partitions, walls and panel
walls in framed strouctuves.,

7. Far Ffixing bricks to receive nails fromw dainery,
principally in domestic opr domestic=-Lyps construclion,

8. For dgencral insulabive walls.,

9., If surface rendered for external walls of small-houses,

10, For veinforced vonerele with greater advantave of hivher

rises wilh lower deadload.

2.7 PROCESSING OF TEST DATA - Realily Observed

When it comes to dealing wilh "situalions™, i.e. where opinion
is reguired, most  people accepl a rande of view points, TIn
handling numbers  or manipulating numerate data, there is
goncrallyv  fell Lo be one answer. the "lrue®, exact answer,
Inspite of the fact that Lhe mere ovperalions carried aut on the
numbers mus! always result in only one corrvect answer, life is
wiuch mare subtle Lhan thal and the really important aspect is the

manner in which the pnumbers are oblained and the precision with
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which they are endowed, 1f Lhere is any trace of doubt at  all
about the numerical salues Leing operated vpon, Cthen naturalls
there must be some doubl aboul the final resulling number, even
though the mwimher i= correct in term= of Uhe ard Flmeebic Leing
performed, The magical exaclitude of numbers is not  mabtcehed by
real ity (Lydon, 1972), This is seen clearly when dealing with
data based on measuremenl, because the act  of M asuring

il‘]t‘.\f'i.l.llll v inllnuhjo wii i source of e, a:l('i.ilt-l-‘ of uncertaintby.,

ilti.ﬂ lh-- uhs-..n]\.'nll parame bear .

2. 7.3 Principal Methods of Stalistical Control

Methads of cantral currentlsy emploved can e vlassified IR}
accordance withi the object , means and time of controel. theit
influence on production process and its resalts, ete. They mar be
visual, phyvsical, mechanieal chemical, geomel i and
Llechnological wilh respect ta  the objecls ol conl rol
(Noveorodshy, 197231,

Methomls of conbliral may be wmanual, mechanical, and atomel To.
Depending  on Lime of conlrol, a4 distincetion is made bLelweeon
constant and periodic inspeclbion, with respect {to the production
process  aperalional  f{step by sbep) mnd  acceplance  inspeclion.
Operat tonal  and acceptance inspection, In twrng may  be total
(when all the prolucts are choecked) and prandom (when anly part of
the produ bs ave chasend.

The above moethods alleow deteclion of variations, Jdefecls and
rejects ot can neilther furesee nor prevent Lhe ococurrence of

Jefoocbive prodi.t s witlthoel L he proper statistical data



processing.

2.8.0 BASIC STATISTICAL CHARACTERISTICS

Novgoradshky {1973} defines statistical values ns
"experimental data obtained in flesting structures or bay
statislical observaltion of Lhe technological process which may
have specific probability values, that is, values that change as
a result of chance magnitudes™,

If the statistical data apply Lo the entire phenomenon o1
process under stuldy, they represent a universe., A sampling  =study
of a process ol experimenltal data selected hy chance according to
a definite mwethod Ffor Lhe stindy of specific properties if  an
aoridinal populat ion is knewn as o sampl ing populal ion, In ordey
to e able Lo obijeclively estimale the universe from Lhe results
uf a sampling  vopuwlaftion. the latbtter should reéproduce i
proport ion of the universe or approach it.

The probability ofF a4 process, or even a  phenomenon  uynder
study  is the prelation of the number of cases In which Lhese
evenls are vepented Lo the pumsber of #l1l1 possible cases.
Probabiliby ids estimated by & positive number not caceoding
wnity.

The arithmetic mean and standard deviation are used  in
provessing Lhe results of observations sind analyvsing Lhe aceuracs
of processes Lo be fnvestigabed anmd the gquality of products.

The arilthimel T pean i e ecqualion obtained by dividing the
sum  of weasured values by (he gumber of ghservations as  in Lhe

formala:
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X  + X P anvasnd R

_ -......-......-...-o..-.........Z-'I

in

values of separate weasuremenl s,
= yumber of observations,

h‘]l.i:l‘f" X ¢ N asdoer e

The sum of deviations of the measured gquanlitics from  Lhe
arithmel t¢ mean in a svimeblplcal distribution 13 alwians equal  te
zero because The analitsy characteristivs deviate from the wmenn on
both sides, hence  onps part will he posilive  amld thie obLlhey
negat ive and in aldebrale addit lon Ltheipry sum will be zeve,

The arvithmetic mean xns & statistical characteristic is
chiefly emploved For uwuifoim popnlalions and the greater ihe
pumber of observations:  the elo=er WiTl it be to the actual
Vil ue. Howerer, n mnss phepomenon can net be evaluated hy  the
arithmwel e mean value.

T arder o evaluate the upifermity of o wass phencwmenon and
the degpee of dispersion ol anumerical valnes of men s ed
quantities from the arithmetic mean, use is made of  the root-
mean=sguare devial ion, The standarcd deviation is the most  widels
used characlterislic of dispevsion v apniformity of 4 measubed
parameler with a large punber of observalions. This deviation is
canal to 10 the sutare rocl of the arithmelie mean of the sguares
of the deyviat ious or Lhe sguare rool of the variance magnitude,

Varianee, won the ather hand, 1s The relation of the wum of
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the square of deviations of all measurements from tLheir mean
value Lo the total number of measurement s,
The standard devialion according Lo Navdorodsky (1973) in  a
large sampling (n>253) is given in the formula:

2 2 2
N2 Ix, = KEY 4+ lx -~ R) # 560 * (x =R wiveiinoanls2

w
H

/ 2
\/ (x - X) /n

while Lhat in a small sampling (nd25) is

/ 2
S:\, ‘x -g) ,“-l II..I..........-‘...‘....I.......z.:‘
The formula shows that the measure of dispersion in

estimaling the uniformity of 4 mass phenowenon will not he  the
mean deviabtion: the positive and negalive deviations when sauared
will vield posilive values which are in divect proportion to  the
degree of dispersion of qualily characleristics.,

T effecl, both vaciance amd the standard deviation  are
measires  of dispersion and characlterise the degree of spread of
purticular values of guanlily characterizl iec relative Lo the meEnn

value,

2.9.0 GRAPHIC METHOD OF PROCESSING EXPERIMENTAL DATA

Test  data can be presented in tables, chart=s and alse wilh
the help of mathemalical cgualicons, The tabular method is  Lhe
simplest and moast widely wsed method of presenting Lhe test dala,
antdd it fully  rvepcwdines Lhe pvesalls  abtained., However, Lhe
tabulae methad is nol as descriplive as Lhe graphic,

Tn the graphic melhod; i1 is possible to oblain a «olen:

picture of any vhange of variables and delermine the charvacler of
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the change and by weans of this method to Find inlermediate yvalue
of variables without lteo mauy compotaljons, Graphic methods of
proavessing experimental data also help to dervive an  emplriend
Formula  whenr Lhe processes andere abwly are ol saliord ol e 9
Lhe knewn Yhearetical Taws, I this case, FPormalas amd con=tant s

dre established by test datla,



CHAPTER THREE

3.0 Laboralory Procedure and Mix Design

This chapter =ets down the work done In the laboratory 1.
ensure Lthal test results sa obtained are vrelilable. Where Lthere was
the need, For a conlrel. that was easursd, The physical propert jes
of Lhe "ALile” aggrecats wore deternined hefore Lhe mis design was
carried out Besause the mis Jdesign s devendent on Lhe phivelea!
provert ies af  the "Vle”™  avgregiale.s Shamlard  metheds  of

dJetermining hese proper!

103 were used as Liven by Orehard (1262,
Newid 1!‘ { 1'?':"-1 ity aend Mo L ool n!'ul-l\ (1981 ).
3.1.0 Physical Propertics of the "ALile™ Aggregate

The main phasical  pfoiert fews  lia! wepres el ermy ped ave:

S TP e Geay 813 o Abhsarit Lon Rete, Pulk Densils. Matstbure Cantent .

Valds Rat ios Pubosity, Sie Al ve2ix and Fineness Maodulas.
35154 3 Speciflic Gravity

Thi Fallowing s aluves wern u]"?.ailu".]:

Walgh! of bhutile = 60T7.T«
Weight of battle filled with water B = 16810,0e
Weighit of ageregale n = 24i0,0¢
Weight of bottle plus azgregate . = 847,565
Weight of bottle plus aggregate plus

watbop A = 1656.0

Apparent Specific Gravity D/ID=-t A=)

L1

250/1250~( IRG6-16A101Y ]

= 1,23
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In the Gross Apparent Specific Gravity, the weight of sample
of saturated and surface dry aggregate, C was used.

B

Weight of sample of saturated and surface dry aggregate, C = 271.0g

271/[271 - (1656 - 1610)])
| =I1.2 L qif i ; H;
a.l.z. Absorption Rale . “.ii??'  3“.';.
The dry specimen was left in the pyenometer for twentyv-four
hours after which it was surface-dried under the fan but still left
saturated. The weight of the sample of the saturated and surface
dry aggregate = 271.0g. R
.. Absorption Rate = 8.4%. o {__1?E »-fﬁr% m;,f '1;fﬂ f
3.1.3 Bulk Density e

(a) Loose Bulk Density:

Weight of container of known volume r

Weight of container cof known volume filled

FO .
FIRTEDS

19.55kg,

with aggregate S S I SR =

Weight of aggregate in container jzi?f'”ﬁ = (17.55-17.2)kg
'- . = 2.35kg.

Weight of aggregate inlsecondhpest J*%*fi. = 2.35kg.

Average weight of ag;ré;;te iﬁ éﬁng;ihéfl'n = 2,35kg.

Volume of container = (0.15 x 0.15 x 0.15)m' = 3.375 x 107°m’.
.". Loose Bulk Density = 2.35kg/3.375 x 107n' = 696.00kg/m’.

(b) Compacted Bulk Denéityi:i;rw _. ;:.“;
Three tests were carried out with fhé“foiiaging results:

Weight of container of known volume filled with compacted

agdregate;
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i} = 19.70kg; ii) = 19.70kg; iii) 198.70kg.
Average = 19,70kg.
.'. Compacted Bulk DPensity = (19.70 - 17.2)Yke/3.375 x 104m3.
= 74lkg/m{
The bulk Density ranges from 696 to 741kg/m3. and
a value of 736kg/nﬂ will be used in the calculations.
3.1.4 Moisture Content
A sample was dried and the final dry weight was noted.
Weight of =ample before drying = 250g,

181g.

Weight of sample after drying

Weight of moisture 698,
'+ Moisture Content = (250 - 181) x 100/250 = 27.6%
3.1.5 Voids Ratio

This is the total porosity expressed as the ratio of void
volume to the sBolid volume.
'+ Weight of aggregate replaced by voids in lb/ft3
=z §2.4 x 5.6 - B, where B = Bulk Density of aggregate.
But 35.32fta = 1m3 '+ Weight of aggregate replaced
by voids in m' = 1.22 x 62.4 x 35.32 - B
.+ Percentage of voids
= {{1.23 x 62.4 x 35.32) - B)] x 100/ 1.22 x 62.4 x 35.32 = 72.6%.
3.1.6 Porosity

This is the total porosity expressed as the ratio of void
velume to bulk volume.

4

Porosity, n = Void ratio x 100/(1 + voids ratio)

= 0,726 x 100/(1 + 0.726) = 0.726 x 100/1.726 = 42X,
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3.1.7 B8ieve Analysis of the "Atile" Aggregate
Weight of test sample = 10.0kg.
Sieve No. Weight Retained | Weight Passing Percentage
[ mm ) (kg) (kg) Passing
13.20 8.75 1.26 12.50
9.20 1.15 0.10 5.00
4075 0010 0-00 -
This shows that the aggregate is not well-graded,

confirming further that the high value of percentage voids obtained
earlier was an indication that the aggregate is not well-graded.
3.1.8 Fineness Modulus of "Atile" Aggregate

This is calculated by adding the percentage by weight retained

on a series of sieves and dividing by 100.

Sieve No Weight Retained Percentage Retained by
(mm ) (kg) Weight.
20.00 - -
13.20 8.75 87.50
9.50 1.15 99.00
4.75 0.10 100.00
2.36 - 100.00
1.18 - 100.00
600um - 100.00
300um - 100,00
150um - 100.00
Total 786.50
.'. Fineness Modulus of "Atile" Aggregate = T7.87
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3.2.0 MIX DESIGN

The various materials used in the production of the "Atile"
concrete and their quantities and ratios and precautionary measures
taken or controls are discussed here,
3.2.1 Materials
Cement

The cement used was the Ordinary Portland Cement (OPC)
manufactured by the Ashaka Cement Company in Bauchi, It happens to
be the cement used in the Department of Building, Ahmadu Bello
University, Zaria and incidentally the most available locally in
Zaria - but by no means the cheapest!
Sand

Dredged gand as supplied to the Department of Buildine,
A.B.U.,, Zaria was used. It had to be sieved and graded because of
the high content of 600 and 150um sizes,
"Atile" Aggregate

This was transported to Zaria, as it is not available in
Zaria, from the Southern part of Kaduna State and also Plateau
State, These are the areas the material aggregate is found.
3.2.2 Mixes

Three mixes were designed and for each mix, thirty cubes and
twelve cylinders were moulded. Ten cubes were used for each age of
crushing and the cylinders for the split, bond and Modulus of
Elasticity tests.

For the mix 1:1:2, a water-cement ratio of 0.4 wags adopted;

the mix 1:1.5:3 had a water-cement ratioc of 0.45 and 9.55 for the
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mix 1:2:4., These water-cement ratios were adopted from the trial
mixes undertaken.

For the test of resistance to sabrasion, a mix of 1:2:4 for
normal aggregate was used and 1:1:2 for the "Atile" aggregate.

A typical calculation of guantities of materials for the mix
1:1:2 is givenn below:
Cement has a bulk density = 1440kg/m’ and specific gravity of 3.15.
For sand, density = 1600kg/m1 and specific gravity = 2.65.
For "Atile", density = 736kg/m' and specific gravity of 1.22.

Absolute volume for cement = 1440 x 1000/3.156 457.14 litres.

1t

Absolute volume for sand = 1600 x 1000/2.65 603.77 litres.

736 x 1000/1.22 1206.56 litres,

Absolute volume for "Atile"

Absolute volume for water 1440 x 1000 x 0.4 = 576.00 litres.

2,843,.47 litres.

2.84m%

Total

Quantities of materials to lm3 of concrete:

Cement = (1440kg/m’)/2.84" = 506kg.
sand = (1600kg/m’ x 1)/2.84m° = 562.69kz.
"Atile" = (736kg/m’ x 2)/2.84m° = 517.68kg.

Actual quantities of materials: This had to be calculated

gince the moulds available were twelve and do not make up to lm{

12 moulds = 12 x 3.375 x 107°m’ = 4.05 x 107n’

Add 10% waste = 4.48 x 10 im’,
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.". Materials for the twelve cubes are calculated as below:

506kg/m’ x 4.46 x 107w’ = 22.54kg.

Cement =

Sand = 526.69kg/m’ x 4.46 x 107w’ = 25.07kg.
"Atile"= 517.68kg/m’ x 4.46 x 107w’ = 23.06kg.
Water = 202.57kg/m’ x 4.46 x 107w’ = 9.03kg.

For the c¢ylinders, there were twelve available and the
calculation for materials was based on the twelve cylinders with
10% waste provision made.

3.3.0 PROPERTIES OF "ATILE" CONCRETE

In producing the "Atile" concrete, certain properties of it
were investigated. These properties are those that are common to
all concretes especially in their fresh state. These properties
tested are: Workability, slump, compacting factor, and compacting
range.

The workability of concrete is affected by the water-cement
ratio; the aggregate-cement ratio; the size and type of aggregate
and the grading of the aggregate. The best practical test on the
field for determining the workability of concrete is the slump
test.

The following procedure was adopted in the Slump Tests:

(i) For each mix, a representative sample of concrete was taken
and within the shortest possible time (2 minutes or
thereabout), the mould was filled in 4 equal layers.
(ii) Each layer was tamped 25 times with a steel rod of 610mm
length and 16mm diameter.

(iii) The next thing was to strike off top level and clean off any



-4 T =
leakage around the base of the mould.

(iv) The mould was raised carefully in a vertical direction.
(v) The mould was placed next to the slump and the slump was
measured, For all the slumps, no shear or collapse slump

occurred.
(vi) The results were recorded while the moulds were cleaned and
dried.

In effect, work is done to compact concrete into a given mould
and this is what the expression of workability represents.

For the mix 1:1:2 the slump was a true slump of 4mm.

For the mix 1:1.5:3 the slump was a Lrue slump of 6Gmm.

For the mix 1:2:4 the slump was a true slump of 26mm.

As it 18 well-known, the slump test has limitations despite
its being useful as a means of controlling concrete on the site and
for detecting differences in the water content of successive
intended identical mixes. The apparatus is cheap, portable and
robust and therefore suitable for site use., It is difficult to see
how the value of the slump is connected with the workability as
Just defined and the value of the slump obtained can be irregular
and often does not agree with observed workability. A large
variation in slump can be obtained with the same concrete and with
many forms of slump or subsidence, making it difficult te decide
which point should be measured.
3:+3.2 Compacting Factor

This was developed by the Road Research Laboratory and is

quite widely used especially for laboratory purposes. The test is
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designed to apply a given amount of work to a given amount of
concrete and to reduce to a minimum the work lost in overcoming the
friction between the concrete and the containing surfaces, A large
proportion of the work is therefore expended usefully in overcoming
the internal friction of the concrete and the test is therefore a
good measure of the workability as previously defined. It gives a
more sensitive and consistent result than the slump test and its
chief sphere of use is with very dry mixes which give no glump and
cannot therefore be compared by that method.

The c¢ompacting factor is a ratio. It is the ration of
partially compacted concrete to fully compacted concrete. For mix
1:1:2, the compacting factor was derived thus:

Weight of empty container, A = 6.0kg.
Weight of container with uncompacted concrete, B = 12.,3kg.

VWeight of container plus fully compacted concrete, C = 14.8kg.

.'» Compacting Factor = (12.3 - 6.0)kg/(14.8 - 6.0)kg = 0.72.
For the mix 1:1.5:3:
A= 6.0kg; B = 13.0kg; C = 14,9ke
+'« Compacting Factor = (13.0 - 6.0)kg/(14.9 - 6.0}kg = 0.79,
For mix 1:2:4:

"A = 6.0kg; B = 13.4kg; C = 14.8kg.
'+ Compacting Factor = (13.4 - 6.0)kg/{14.8 ~ 6.0)kg = 0.84.



CHAPTER FOUR

4.0 Tests, Results and Analysis of Results

This chapter presents the test results, analysis and
interpretation of results as set out to be determined. The analysis
is based on that given by Novgorodsky (1973) for samples less than
25 in number. The work covers the six major properties set out to
be determined - these are compressive strength; resistance to
abrasion of concrete produced using "Atile" seeds as compared with
concrete of normal aggregate; cost comparison of units of "Atile"
and normal concrete, Modulus of Elasticity; bond and split tensile.
4.1.0 Compressive Strength

Three mixes were adopted vis: 1:1:2; 1:1.5:3 and 1:2:4. The
150mm cubes were demoulded after twenty-four hours of casting and
cured in a tank pending the crushing age. The crushing ages adopted
were 7, 14, and 28 days for all the mixes.

Table 4.1: Results for 1:1:2 at Seven Days

S/No. | Weight (kg) Density (Egim” Strength (N/mmzl
1. 6.3 1867 8.5
2, 6.3 1867 9.8
3. 6.2 1837 8.5
4. 6.3 1867 9.8
5. 6.2 1837 8.5
6. 6.3 1867 8.4
7. 6.3 1867 9.7
8. 6.2 1837 8.4
9. 6.3 1867 9.8

10. 6.2 1837 9.7

% = 9.11N/mm’
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Table 4.2: Analysis of Results for 1:1:2 at 7 Days of Age
Measurement No. : {x,. - %) (x; - %)%
1. 8.5 -0.61 0.3721
2. 9.8 +0.69 0.4761
3 8.5 -0.61 0.3721
4. 9.8 +0.69 0.4761
5. 8.5 -0.61 0.3721
6. 8.4 -0.71 0.5041
7. 9.7 +0.59 0.3481
8. 8.4 -0.71 0.5041
9. 9.8 +0.69 0.4761
10. 9.7 +0.59 0.3481

B(x, - %) = 0; B(x; - %)F = 4.249

The Standard error is determined by the formula:
8; = * 1{ ix; - %)% /n(n-1)
=+ 1{4.249/90 = + 0.22
The accuracy of the measurements, € with reliability, § = 0.99
(Table 4.3) is
=t, 5 = 3.25 x 0.22
= + O.TZN/mnz which is 7.85% of the arithmetic mean of
the compressive strength. It can be inferred on the basis of the
data obtained that with a probability of 0.99, the unknown value of

the compressive strength is within the limits

9.11 - 0,72

1]
n

g - @ 8.39N/mm’

9.11 + 0.72 = 9.83N/mm’.

X + €
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able 4.3 Different Reliability Values
VALUE WITH RELIABILITY, §
= A 0.95 0.98 0.99 0.999
1. 12.706 31.821 63.657 636.619
2. 4.303 6.965 9.925 31.598
3. 3.182 4.541 5.841 12.941
& 2.776 3.747 4.604 8.610
5. 2.571 3.365 4.032 6.859
6. 2.447 3.143 3.707 5.959
7. 2.365 2.998 3.499 5.406
8. 2.306 2.896 3.355 5.041
9. 2.262 2.821 3.250 4.781
10. 2.228 2.764 3.169 4.587
11. 2.201 2.718 3.106 4.487
12. 2.179 2.681 3.055 4.318
13. 2.160 2.650 3.012 4.221
-

$ource: Novgorodsky (1973).
The unknown value of the compressive strength at age 7 days
for the mix 1:1:2 is accepted as X = 9.11N/unz. This also shows
that the number of tests conducted is sufficient to obtain the
arithmetic mean and the results lie within the limits of
permissible deviations.
The characteristic strength is calculated using the formula:
X, = X - KS where Xo is the characteristic strength;
X is the accepted analysed mean strength;
K is the probability factor = 1.64; and
S is the Standard Deviation.

.'+ the characteristic strength, Xo = (9.11 - 1.64 x 0.69}N/nnz

= 7.98N/mm’.
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4.1.2 Results for 1:1:2 at 14 days (see Appendix A for other

results).

% = 14.5N/ma’; (x; - %)

i = 3.5213.

Standard Deviation, S = % 4&.5213 + 9 =1 0.62.

Standard Error, Si = 2 4&.5213 + 10 x 9 = £ 0.126.

The accuracy of the measurements, € with reliability §f = 0.99 is =
t&Si = 3.25 x 0.196 = % 0.64N/um3 which is 4.42% of the arithmetic
mean of the compressive strength. It can be inferred on the basis
of the data obtained that with a probability of 0.99, the unknown
value of the compressive strength is within the limits

13.85N/mm’

15.24N/mm’.

14.54 - 0.64

X - €

14.54 + 0.64

"
It

X + €
The unknown value of the compressive strength at age 14 days
for the mix 1:1:2 is accepted as X = 14.54N/nnz. This also shows
that the number of tests conducted is sufficient to obtain the
arithmetic mean and the results lie within the limits of
permissible deviations.
.+ the characteristic strength, Xo = (14.54 - 1.64 x 0.62)N/mmz

= 13.48N/mm’.

4.1.3 Results for 1:1:2 at 28 Days

= 20.08N/mm’; (x; - %)* = 10.8994.

e

Standard Deviation, S = % 4q0.8994 + 9 =% 1.101.

Standard Error, Siz * 160.8994 + 10 x 9 = £ 0,35.

The accuracy of the measurements, € with reliability f = 0.99 is =

t&Si = 3.25 x 0.35 = ¢ 1.14N/mn2‘which is 5.68% of the arithmetic
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mean of the compressive strength. It can be inferred on the basis
of the data obtained that with a probability of 0.99, the unknown

value of the compressive strength is within the limits

% - € = 20.08 - 1.14 = 18.94N/mm’

20.08 + 1.14 = 21.22N/mm’.

X + €

"

The unknown value of the compressive strength at age 28 days
for the mix 1:1:2 is accepted as X = 20.08N/mm2. This also shows
that the number of tests conducted is sufficient to obtain the
arithmetic mean and the results lie within the limits of
permissible deviations.

.'. the characteristic strength, X, = (20.08 - 1.64 x 1.101)N/mm’

= 18.27N/mnt.

4.1.4 Results for 1:1.5:3 at 7 Days

X = 9.19N/mm’; (x; - %)} = 4.9106.

Standard Deviation, S = % 1&4.9106 + 8) = % 0,739,

Standard Error, Si = 2 ‘{{4.9106 + 10 x 9) = £ 0.234.

The accuracy of the measurements, € with reliability f = 0.99 is =
t;S; = 3.25 x 0.234 = % 0.76N/mm‘ which is 8.28% of the arithmetic
mean of the compressive strength. 1t can be inferred on the basis
of the data obtained that with a probability of 0.99, the unknown
value of the compressive strength is within the limits

X -€=9.19 - 0.76 = 8.43N/on’

X + € =9.19 + 0.76 = 9.95N/mm’.

The unknown value of the compressive strength at age 7 days

for the mix 1:1.5:3 is accepted as X = 9.19N/mm2. This also shows
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that the number of tests conducted is sufficient to obtain the
arithmetic mean and the results lie within the limits of
permissible deviations.

.. the characteristic strength, X = (9.19 - 1.64 x 0.739)N/mm’

']

= 7.98N/mm’.

4.1.5 Results for 1:1.5:3 at 14 days

% = 11.69N/mm’; (x, - %)% = 4.7135.

Standard Deviation, S5 = # 1ﬂ4.7135 + 9) = = 0.724.

Standard Error, Si = % 4&4.7135 +£ 10 x 9) = £ 0.23.

The accuracy of the measurements, € with reliability f = 0.99 is =
'%Si = 3.25 x 0.23 = ¢ 0.75N/mm25ﬂﬂ£h is 6.39% of the arithmetic
mean of the compressive strength. It can be inferred on the basis
of the data obtained that with a probability of 0.99, the unknown
value of the compressive strength is within the limits

11.69 - 0.75 = 10.94N/mm’

X - €

n

11.69 + 0,75

X + € 12.44N/mma

The unknown value of the compressive strength at age 14 days
for the mix 1:1.5:3 is accepted as X = 11.69N/mlz. This also shows
that the number of tests conducted is sufficient to obtain the
arithmetic mean and the results lie within the limits of
permissible deviations.

.". the characteristic strength, X, = (11.69 - 1.64 x 0.724)N/mu’

= 10.50N/nn{
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4.1.6 Results for 1:1.5:3 at 28 days

X = 14.63N/mm’; (x; - %)% = 6.5261.

Standard Deviation, S = % 4&6.5261 + 9) = = 0,852.

Standard Error, Si‘= . d 1&6.5261 + 10 x 9) = £ 0.269.

The accuracy of the measurements, € with reliability f = 0.99 is =
t;S5; = 3.25 x 0.269 = % 0.88!~.U‘mn2 which is 6.02% of the arithmetic
mean of the compressive strength. It can be i1nferred on the basis
of the data obtained that with a probability of 0.99, the unknown
value of the compressive strength is within the limits

14.63 - 0.88 = 13.75N/mm’

X - €

15.51N/mm’.

14.64 + 0.88

X + €
The unknown value of the compressive strength at age 14 days
for the mix 1:1.5:3 is accepted as X = 14.63N/mm2. This also shows
that the number of tests conducted is sufficient to obtain the
arithmetic mean and the results lie within the limits of
permissible deviations.
.". the characteristic strength, X, = (14.63 - 1.64 x 0.852)N/mm’
= 13.23N/mm’.
4.1.7 Results for 1:2:4 at 7 Days

X = 9.13N/mm’; (x; - %)* = 4.3596.

1&4.3596 +9) = £ 0.696.

I+

Standard Deviation, S =

Standard Error, Si = % 4&4.3596 + 10 x 9) = £ 0.22.

The accuracy of the measurements, € with reliability f = 0.99 is =

tS; = 3.25 x 0.22 = + 0.72N/mm’ which is 7.84% of the arithmetic

o
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mean of the compressive strength. It can be inferred on the basis
of the data obtained that with a probability of 0.99, the unknown

value of the compressive strength is within the limits

% - €=9.13 - 0.72 = 8.14N/mm’
% +€=9.13 + 0,72 = 9.85N/mm’.

The unknown value of the compressive strength at age 7 days
for the mix 1:2:4 is accepted as X = 9.13N/mmz. This also shows
that the number of tests conducted is sufficient to obtain the
arithmetic mean and the results lie within the limits of
permissible deviations.

.". the characteristic strength, X, = (9.13 - 1.64 x 0.696)N/mn’
= 7.99N/mn’.
4.1.8 Results for 1:2:4 at 14 days

% = 10.74N/mm’; (x. - %) = 7.6739.

1

Standard Deviation, S = # ﬁﬁ?.6739 + 9) = = 0.923.

Standard Error, Si== + 1&?.6739 +# 100 x 9) = £ 0.292,

The accuracy of the measurements, € with reliability f = 0,99 is =
tsS; = 3.25 x 0.292 = % 0.95N/mm’ which is 8.85% of the arithmetic
mean of the compressive strength. It can be inferred on the basis
of the data obtained that with a probability of 0.99, the unknown
value of the compressive strength is within the limits

10.74 - 0.95 9.79N/mm"

"
1]

X - €

10.74 + 0.95 = 11.69N/mm’.

X + €

The unknown value of the compressive strength at age 14 days

for the mix 1:2:4 is accepted as X = lU.T%N/mmE. This also shows
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that the number of tests conducted is sufficient to obtain the
arithmetic mean and the results lie within the limits of
permissible deviations.

.'. the characteristic strength, X, = (10.74 - 1.64 x 0.923)N/nmz
= 9.23N/mm’.
4.1.9 Results for 1:2:4 at 28 days

% = 11.64N/mm’; (x;, - %)! = 7.4355.

Standard Deviation, S = #% 1&?.4355 + 9) = % 0.909.

Standard Error, Si = * 4&7.4355 + 10 x 9) = £ 0.288.

The accuracy of the measurements, € with reliability f = 0.99 is =
t;S; = 3.25 x 0.288 = ¢ 0.94N/mm’ which is 8.08% of the arithmetic
mean of the compressive strength. It can be inferred on the basis
of the data obtained that with a probability of 0.99, the unknown
value of the compressive strength is within the limits

11.64 - 0.94 = 10.70N/mm’

X - €

11.64 + 0.94 = 12.58N/mn’.

X + €

"

The unknown value of the compressive strength at age 28 days
for the mix 1:2:4 is accepted as X = 11.64N/nnz. This also shows
that the number of tests conducted is sufficient to obtain the
arithmetic mean and the results lie within the limits of
permissible deviations.

.". the characteristic strength, X, = (11.64 - 1.64 x 0.909)N/mm’

= 10.15N/mn’.
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Figures 4.1, 4.2 and 4.3 give the strength development of the
mixes with age. The initial strength development for the first
seven days of age showed a very close range ( region of 9.11 te
9.19N/mm!) for all the mixes. The marked difference showed at the
ages of 14 and 28 days (when the mixes would have developed up to

80% of their strength).
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Figure 4.1:- STRENGTH DEVELOPMENT OF MIX 1:1:2 WITH AGE.
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Figure 4.2:- STRENGTH DEVELOPMENT OF MIX 1:1.5:3 WITH AGE.
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Figure 4.3:~ STRENGTH DEVELOPMENT OF MIX 1:2:4 WITH AQE.
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4.2.0 RESISTANCE TO ABRASION OF "ATILE" CONCRETE
AS COMPARED WITH NORMAL CONCRETE.

The procedure adopted was to expose both specimens to the same
conditions of abrasion. An abrasive machine was used with the

following data:

Round per minute (R.P.M.) 2,800,

Horse Power (H.P.) 5.

1]

Voltage 230/250 Volts.

Frequency 50 Hertz.

The normal concrete weighed 5.35kg while the "Atile" concrete
weighed 3.75kg. The mixes were 1:2:4 and 1:1:2 respectively. This
was informed on the basis that 1:1:2 strength of "Atile" concrete
was closest to that of 1:2:4 of the normal concrete, i.e. 18.94 -
21.22N/mn’.

A time of five (5) minutes was used in causing the abrasion
and it was discovered that the "Atile" concrete eroded almost 2.5
times the normal concrete. The indentation into the "Atile"
concrete by the abrasive machine was 30mm while that into the

normal concrete was 13mm.

4.3.0 COST COMPARISON OF UNITS OF "ATILE" CONCRETE

AND NORMAL CONCRETE.

The only area in which the units differed was in the coarse
agdregate - the normal concrete had gravel for coarse aggregate
while the "Atile" concrete had "Atile" seeds.

The relatively low cost of the "Atile" concrete was offset by
the high cement content used. While the normal concrete required

about 6 bags of cement in 1m’ of concrete, the "Atile" concrete
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required more than 9 bags for the 1:1:2 mix.

The labour involved in acquiring the "Atile" seed was very
cheap such that lmJ of "Atile" seeds cost as little as N150.00 as
compared with about N400.00 for stone. Overall and reasonable costs
can only be achieved in using "Atile" over stone when the whole
structure is considered.

4.4.0  MODULUS OF ELASTICITY

The specimens were subjected to constant stress to a maximum
stress (not up to destruction) of about a third or less than the
crushing strength. The deformations were noted. The specimens were
for the mix 1:1:2.,

Figures 4.4 and 4.5 show the representations of the loading
and unloading responses. The value of the Modulus of Elasticity for
the mix 1:1:2 was calculated thus:

E=f/e = WL/AX..occecccasnscasssnsscccssnesosascsssossscscssescschel
where E is the Modulus of Elasticity;

f = w/A is the applied stress, W being the load and

A is the cross-sectional area;

e = X/L is the deformation per unit length or strain, and

X being the deformation under load, W, and

L the length of the member.
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Modulus of Elasticity

( x 107 kN/mm’)

(Strain x 107')

Figure 4.4 MODULUS OF ELASTICITY OF MIX 1:1:2




-65-

Hodulua of El?sticity
{ x 107 kKN/mm")

5 6

(Strain x 107

Figure 4.5 MODULUS OF ELASTICITY OF MIX 1:2:4
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The Modulus of Elasticity test was for the richest mix 1:1:2

and the 1:2:4 mix. This was to get the range since 1:1.5:3 will be
an intermediate value.

For the 1:1:2 at 28 davs, the following result was obtained:

f/e = WL/AX = 4.25 x 10 kN/mm’+4.2 x 10" = 10.12kN/mnm’.

m
"

For the 1:2:4 at 28 days, the following result was obtained:

3.38 x 10 kN/mm’+8.2 x 107 = 4.1kN/mm’

m
]

The richer the mix, the higher the Modulus of Elasticity. The

2 to

Modulus of Elasticity for "Atile" concrete ranges from 4.1kN/mm
10.12kN/mmzidﬁch is about 17% to 41% that of the normal concrete
(See figures 4.4 and 4.5).
4.5.0 BOND

The "Push-out" Method of test was adopted for various sizes

and types of bars and two different mixes, i.e. diameters 8, 10,

and 12 of plain and deformed bars; and mixes 1:1:2 and 1:2:4.
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The following re ' It d:

Tah! 1.1 Test Result for Bond

MARK | WEIGHT BAR- BAR-TYPE FORCE | REMARKS
_ (kg) SI1ZE(mm) (kN)
1:1:2 | 8§-1 10.20 8 DEFORMED 40.00 | ROD BENT
LU} 9.85 LU " 36.50 LU LU
S-2 10.30 " PLAIN 28.50 " !
" 9 - 90 L LU 23 = 00 " "
" 10.00 " " 35.00 | ROD BENT/
CONCRETE
CRACKED
R 10.40 10 " 44,00 "
5 10.42 " " 32.00 "
* 10.20 » o 34.50 | ROD BENT
4 L 9.55 - " 18.50 | PUSHED
THROUGH
" 9.55 " " 25.00 Ny
" 10.00 v " 21.0 =
A-S 9.85 8 DEFORMED 23.50 | CONCRETE
CRACKED
" 9.25 " " 25.00 | PUSHED
THROUGH
" 9-85 " L] 18!00 "
A-B 9.80 12 i 6.00 ”
" 9,75 "’ Ny 30.00 "
" 9.45 " " 29.00 "

The rich mix of 1:1:2 provided a greater bond both with the

deformed and plain bars than the relatively weaker mix of 1:2:4.

4.6.0 SPLIT TENSILE TESTS

The splitting test was for all mixes and the following are the

results after 28 days of curing:
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Table 4.5: Test Results for Split Tensile of Mix 1:1:2

Mix Max. Load Average Load | (x; - X) (x, - %)
(kN) (kN)

1:1:2 100 +5 25
95 95 0 00
90 -5 25

Bix, - %) =0 Blx, - %! = 50

Standard Deviation, § = % 4&50*2} = % 5.0
Mean-Square Error, Si = ¢ 1&50*-3::2) = ¢ 2.89

The accuracy of the measurements, € with reliability f = 0.99 is =
tgS; = 4.303 x 2.89 = *12.42kN which is 13.08% of the arithmetic
mean of the split value. It can be inferred on the basis of the
data obtained that with a probability of 0.99, the unknown value of

the split value is within the limits

X - € 95.00 - 12.42 82.58kN

95.00 + 12.42 107.42kN.

]

X + €

The unknown value of the split value at adge 28 days for the
mix 1:1:2 is accepted as X = 95.00kN. This also shows that the
number of tests conducted is sufficient to obtain the arithmetic
mean and the results lie within the limits of permissible
deviations.,
o fy, = 2P/mx 1 xd=2x 95 x 10 /n x 300 x 150 = 1.35N/mm’ which
is 6.71% of the compressive strength of the same mix at age of 28

days.
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Table 4.6: Test Results for Split Tensile of Mix 1:1.5:3

Mix Max. Load Average Load (x, - &) (x; - %)t
{kN) (kN)
1:1.5:3 56 -5 25
66 60 +6 36,
59 -1 1 “

P -

E(Xi— X) = 0 2(xi— X

Standard Deviation, S = % 1&62+2) = % 5.57%

Mean-Sguare Error,.Si = 1'4Q62%3x2) = % 3,22

The accuracy of the measurements, € with reliability f = 0.899 is =
Ls; = 4.303 x 3.22 = *13.86kN which is 13.08% of the arithmetic
mean of the split value. It can be inferred on the basis of the
data obtained that with a probability of (.98, the unknown value of

the split value is within the limits

% - €= 60,00 -~ 13.86 = 46.14kN o

60.00 + 13.86 73.86kN,

X + €

The unknown value of the split vaidé ;t age 28 days for the
mix 1:1:2 is accepted as X = 60.00kN. This also shows that the
number of tests conducted is sufficient to obtain the arithmetic
mean and the results lie within the limits of permissible
deviations.
o £y = dP/nx 1 xd=2x 60 x 10° /m x 300 x 150 = O.BSN/nmﬁ which
is 5.80% of the dompressive strength of the same mix at age of 28

days. - . coa e e
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Table 4.7: Test Results for Split Tensile of Mix 1:2:4

Mix Max. Load Avérage Load (x; = X) (x; = i!z
(kN) (kN)

1:8:4 33 -0.67 0.4489
34 33.67 +0.33 0.1089
34 +0.33 0.1089

B(x, - %) =0 Bix, - X)* = 0.6667
Standard Deviation, § = % 1&0.666?+2] = % 0.58

Mean-Square Error, Si = 2 4&0.6667+3x2l = % 0.33

The accuracy of the measurements, € with reliability §f = 0.99 is =
tgS; = 4.303 x 0.33 = £1.43kN which is 4.25% of the arithmetic mean
of the split value, It can be inferred on the basis of the data
obtained that with a probability of 0.99, the unknown value of the
split value is within the limits

33.67 - 1.43 32.24KkN

X - €

33.67 + 1-‘13 35!lOkNo

1]

X + €
The unknown value of the split value at age 28 days for the
mix 1:2:4 is accepted as ¥ = 33.67kN. This also shows that the
number of tests conducted is sufficient to obtain the arithmetic
mean and the results lie within the limits of permissible
deviations.
o f, = 2P/nx 1 xd=2 x 33.67 x 10' /u x 300 x 150 = 0.48N/mm’

which 1s 5.80% of the compressive strength of the same mix at age

of 28 days.



PLATE 1 - Sample of "Atile" Aggregate.
Source: Fileldwork.

PLATE I Cube crushing of "At ile" Concrete,
ource: Laborator s SPK .



PLATE III1 - Sample of Test Cylinders.
Source: Laboratory woark.

bl B

IV - Weitghing of Tesl Cvilinders.
e: Laboratory w-~ik.



CHAPTER FIVE

5.0 S umary
A recapitulation of the main physical properties of "Atile"
aggregate and the properties of concrete produced using "Atile" is
presented based on the findings. The recommendations are made as
each property of the concrete produced using "Atile" seeds as
coarse aggregate is considered. A general remark is made about the
suitability of this concrete and its areas of application, while
areas for further researchwork are recommended.
5.1.0 Physical Properties of "Atile" Aggregate
a). The specific gravity of the "Atile" aggregate is 1.22 which is
about one-half that of the normal aggregate, making it a
lightweight aggregate.
b). The absorption rate is 8.4%.
c). The bulk density of the "Atile" aggregate ranges from 696 to
T41kg/m’.
d). Moisture Content of the aggregate is 27.60%.
e). Void Ratio (percentage of Voids) is 72.60%
f). The grading characteristics do not satisfy the British and
American requirements for lightweight aggregate.
g£). Fineness Modulus of "Atile" aggregate is 7.87,
5.2 Properties of "AtLile" Concrete
i). a). Compacting factor of "Atile" concrete ranges from 0.72 =~
0.84.
b). The density of "Atile" concrete is from about 17001:3/-J to
190(.‘!];:5/.J making it a near medium density concrete.

c). It has good workability, consistency and easy to place



ii).

iii).

iv).

V).

vi).

_75..
properties.

The compressive strength tests ranged from 10.15N/nnz

to
18.27N/nn1 characteristic strength. This makes it suitable
for both plain and structural concrete construction.
"Atile concrete eroded almost 2.5 times the normal concrete
when exposed to the same conditions of abrasion for the same
periods. In effect, it should not be used as a finishing
material but should be rendered off with cement-sand mortar.
The relatively low cost of the "Atile" was offset by the
high cement content used to produce strength comparable to
that of normal concrete of mix 1:2:4. While the normal
concrete required about 6 bags of cement in lnsof concrete,
the "Atile" concrete required higher - more than 9 bags
which will lead to shrinkage and many large cracks.

The Modulus of Elasticity ranged from 4.1kN/mm’ to
lO.leN/nmh increasing with increase in compressive
strength. With such a low value of Modulus of Elasticity,
higher deflections are to be expected with time, i.e. high
values of creep. Therefore, it is not recommended for long
span flexural members; such low E-values are good in
resisting impact loads, especially in areas where pounding
is common,

The rich mix 1:1:2 provided the greatest bond with deformed
bars and then with plain bars than the relatively weaker mix
of 1:2:4. This agrees with the general tendency of concrete

improving in with richer mixes.
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vii). Split tensile test gave results of 4 - 7% of the compressive
strength of the same mixes at 28 days of age.

5.3 Conclusion

From the foregoing, 1t can be seen that the behaviour of the
hardened "Atile" concrete is similar to that of normal concrete
albeit with slight differences. It can be used for mass concrete
construction in solid ground floors that are prone to impact loads
and short spanned structural elements.
5.4 Areas for Further Research
a). Flexural performance of "Atile" concrete.
b). Thermal insulation properties of "Atile" concrete.
c). Tensile strength of "Atile" concrete using partial replacement

of cement by pozzolans.

d). A structure of "Atile" concrete.
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APPENDIX - A

COMPRESSIVE STRENGTH TEST RESULTS EQE_ﬂLL_!llﬁﬂ_Lﬂll!zl
NUMBER OF SAMPLES : 10
113 4 s of age
13.88 14.99
13.90 15.10
13.98 13.90
15.10 13.87
15.68 15.10
1:1: t 28 of
18.99 21.20
19.00 20.99
19.20 21.20
19.00 21.00
21.20 19.00

1:1.5:3 at 7 Days of age

8.44 8.47
B.45 9.86
9.93 9.77
9.94 8.60
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1:1.5:3 at 14 Days of age

10.95 12,40
11.00 12,38
10.99  12.37
11.10 10.98
12.30  12.40

ed

1:1.5:3 at 28 Days of age

13.83 15.50
13.85 15.84
15.49 13.85
15.45 15.48
14,00 15,50

1:2:4 at 7 Da of age

8. 44 8.48
8.45 9.79
9.80 - 9.78
9.80 . 8.50

Rl T

.=



10.70
12.49
12.55

12-54

10.79

10.75

12.55
12.55

10.75



