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ABSTRACT

This thesis investigated the properties of coarse
aggregate made by manually crushing bricks from the
Nigerian brick and clay product Ltd, Kaduna, and the
properties of the concrete produced using this agg-
regate. The average compressive strength of bricks
used was 30 N/mmz. Three concrete mixes were made,
The maximum compressive strength obtained for 7 -
days was 13 N/mmzlwhile for 28-days 18 N/mm2 was

obtained, The tensile strength was about 1 th to

é of the cube compressive stneneth while the modulus

of elasticity was about LBY lower than that of normal

concrete of the same strength, *

From the investigations, brick aggregate produce
concrete of adecuate strength and of "medium weight”,
The unit weight being about 1R70 to 2183 Kg/m3 as
compared to a range of 2354.,9 to 2563.2 Kg/m3 for
normal weight concrete and L00.% to 1762,2 Kg/m3 for

light weight concrete.
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1.0

1.1

CHAPTER ONE

INTRODUCTION

Background

Whenever one visits any of the clay brick
factories in this country, there is every likely-
hood of coming across heaps of deformed and broken
bricks., These spoilt bricks constitute a great
disposal problem as the factories do not recycle
them., At the moment, spoilt bricks are j:stly
used in filling up badly weathered road and also as
hardcore filling materials, Mckay (1973) reported
that old bricks from demolished buildings can be
used as coarse aggregate in concre?e after crushing

to aggregate size,

Although bricks can be used as éggregate, the
properties of the concrete made with this type of
aggregate will definately demend on many variables
arising from the nature of the bricks used. Thus
for any factory bricks to be used satisfactorily,

the properties of the agegregate as well as the

concrete must be investigated and certified adequate.

It is in this direction that the study was carried
out, 4York reported here is the investigation into
the properties of concrete made with crushed bricks

as coarse aggLegate.

Spoilt bricks from the Nigerian Brick and Clay
Products Ltd, Kaduna facLorv were used for this

|
study. The bricks were manually crushed to aggregate



sizes,

2.

The physical properties (svecific gravity, density,

|
porosity, absorption capacity and moisture content) were

determined., The aggregate was then used to produce conc-

rete which was tested for density, ultimate crushing

strength, cylinder splitting strenzth and static modulus

of elasticity.

1.2 Objectives

The objectives of the investigations were:

1.

3.

To determine the properties of brick aggregate
and compare it with those of normal ageregate,
To make ancrete with this aggregate and deter-
mine its properties which would be compared with
those of normal concrete,

To establish the weitht group of the brick

concrete and its suitability for construction.

1.3 Scope and Limitations

Of the properties of coarse aggregate and conc-

rete, only the basic ones were investigated, This

was mainly due to equipment constraints, The pro-

perties of the aggregate determined were the bulk

density, specific gravity, absorption capacity and

moisture content., The acpgregate was then used to

and tensile strerngths, modulus of elast

city and

produce concrete properties like the co]pressjve

density were determined,



Properties 1like aggregate's abration and impact values,
flakiness and sphericity indices weore not investigated.
The permeability, durability, creep and shrinkage proper-
tiés of the concrete were also not investigated and the

reason being as mentioned earlier,

1.4 Methodology

The investiga%jon started by manually crushing
bricks to produce 20mm max imum aggregate size., The physi-
cal properties of the aggregate were determined, Concrete
mixes were then made with this |agpregate and certain of
its properties determined, The results of the investigation
were compared with those of normal concrete in order to

enable objectives assessment of the bhrick concrete,
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L.
CHAPTER _TWO

LITERATURE REVIEW

Introduction

In order to enable obiective assessment of the
properties and qualities of brick concrete, the
properties of normal aggregstes and concrete are
discussed in this chapter. The revLew starts by
firgt discussing the properties of hormal aggregates

(e.g. stones and gravels) ard then that of the

concrete made with these agpregates,

THE AGGREGATES

Mineral aggregates as defined by George and
Harmer (19%&) is "the relatively inert filler

material in & vortland-cement concrete”,

H
i .

Aggregatﬁs are used in conerete to voluminise
i, They also increase strength, reduce shrinkage,
creep and overall cost of concrete,

Some of the materiaJs used as aggregates are:
gravels, crushed rocks, iron shots, barytes and
scrap iron. According to Ochard (1973) any material

provided it satisfies the under-listed criteria can

.

be used as aggregate:

(i) chemically inert
(11) strong
(111) can be obtained with required
size and grading.

(iv) clean.



2.1.1 Classification of Aggregates

Concrete aggregates can be broadly classi~

fied into natural and artificial.

fication as stated by Ochard (1973), can be
further sub-divided according to the peE

This classi-

rological

characteristics, specific gravities, shape and

texture of the aggregate,

Figure 2,1 depicts the

aggregates pictorially.

classifications of

AGGREGATES |
l
Natupal Artiflicial
Light Normal  Heavy Light Normal Heavy
Limeston Basalt Fllnt Cranite
group group group group
]
Rounded Irregular! Angular Flaky
L | |
Glassy smooth rough crystalline

Fig. 2.1 - Classification of aggregates,
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Katural Aggregates

These consists of gravels obtained from natural
sources like pits, river and ocean beds where thev have
been deposited by alluvial or glacial action. They could

also be founi on shores where thev have been deposited

by sea action.

Often aggregates obtained Ffrecm the above sources
must he cleaned to remove harmful impurities like clav,

8ilt or salt in the case of on-shnre deposits.,

Gravels can consist of flint, quartz, cHert and
igneous rocks. Some deposits con*tain a large proportion
of calcium carbonate which according to Flvery (1963) are

quite satisfactory.

Gravels are usually obtained with required particle
sizes, When a gravel deposit cortairs t#o much over-size

material, it must be crushed and screened to required size,

Another source of natural aggregates is rocks out-
crop, Rock ocutcrops are lasted zand crushed to required
size, Crushed rocks provide a gond coarse aggregate
although the cost is higher than a naturally occuring
gravels, Crushed rock used as concrete aggregate include
granites, dolerites, diorites, svenites and limestones.
Crushed rocks are frequently referred to commercially as
franite although only a small.nrnportion of these are .-

really granites in geological serse.
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irtificia)l Apgregates
; } |
These are usuTlly the by-products of some industrial

process, However plants for producing artificial asgregate
like the expanded clay fuamed slag etc. have been made,
Many of these aggregates produje light weight concrete of

adequate strength and good heat insulation properties,

Examples of artificial aggegates that produce light weight
concrete include; blast-furnace slag, foamed slag, furnace
clinker and expanded clavs, Those thzt produce heavy

weight concrete are iron shots, barvtes, scrap iron and

ball bearings.

Sub~division of Aggregates

As depicted on figure 7.1, natural and artificial
apgregates can be sub-divided into groups based on petro-
logical characteristic, specific gravities, pafticle shape

and texture, Each of these sub-division has its advantage

and use,

(1) Sub-division based on specific gravities

Here, aggregates are grouped into three classes depen-
ding on their specific gravities. These are heavy weight,
normal weight and light weight agnregate#. According to
Cchard, (1973), heavy-weight aggregates Are those having
specific gravity of L.0 and above. Example of these are

scrap iron, ball bearings, ilmenite, magnetite and baryvtes.,
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They are used in preoducing cencrete for radiation
shielding and/or concrete for courter weight. Normal
aggregates are those with a specific gravity of about
2.6. Examples include; sandstones, limestones, granite
and syenite, Normap welight aggprepgates are used for
making ordinary strLctural concrete, Light weight
aggregates are those that have $.G. less than 2.6,
These aggregates have high porpsity which results in low
apparent specific gravity. Li%ht weight aggregate
occur naturally and some are manufactured, Examples of
light wéight aggregates are: pumise, scoria, asbestos

and saw dust,

(£i) Sub~division based on petrological character-

istics.

In this subdivision, aggregates are grouped based on
their mineral and chemical compeosition, texture and
structure. Crushed natural rock is classified in B.S.
812, "“sampling and testing of mineral aggregates, sands
and fillers" into their groups. Some of thesj are the
basalt group, granite group, gritstone group énd limestone

Egroup,

(iii) Sub~division based on shape and texture

The shape and texture of agpregates affect many pro-
perties of the concrete made with them. Properties like
workablility, compaction and strength to Fention a few are
greatly affected by shape and texture oflaggregates. It
is for this reason that it was found convenient to classify

aggregates in accordante to sha»e and texture, Under
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aggregate shape, we can have; rounied, irfegular, angular
and flaky shapes, Aggregates texture are classified as

being, smooth, glassy, rough crystalline etc.

2.1.2 Properties of Aggregates

One of the princiries of concrete mix design i{s to
use as much aggregate as possible, This is because aggre-
gate is cheaper than cement and is a more satisfactory
structural material than cement paste. Apart from the
amount of aggregateF in concrete, another very Importané
factor to be considered is that the aggregate must be of
good quality. To assess the gquality of aggregate, 1ts
properties must be determined ps described in B,S, 812
(1960). |

1
Physical properties of aggregates

Of the variocus physical properties of aggregates, the
following are the most important:
(1) Particle-size distribution,
{ii)} Fineness modulus,
(iii) Particle shape and texture,
(iv) Specific gravity,
(v) Moisture content,
{vi) Avbsorption and,
{(vii) Bulk density.

(1) Particle-size Distribution

This is the distribution of the various particle
sizes in an aggregate sample. The particle-size dist-
ribution or grading is very imnortant as it affects

many properties of the finished concret4. Properties
]
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like workability, compaction, density, permeability,

durability and ccst of the mix are affected by the
aggregate's grading,

The particle-size distribution is determined by the
method of sieve analysis as descrined in B.S, 812 {(1960),
It involves passing a sample of the aggregate through a
series of sieves each having appertures half the size of
those in the ovrevious sieve, The sieve sizes used for
the analysis of coarse aggregate are 38mm, 20mm, 10mm, Smm,
and 2,36mm. The amount of material retained on each of
the.sieves is weighed and the weights expressed as percen-
tage of the total wfight of the sample, From these m
figures, the cumulative percentages by welght passing each
of the sieve is calculated and the result plotfed against

the sieve size as shown in figTre 2.2,

Figure 2,1 shows the standard grading curves for 20mm
maximum aggregate size as given in Road Research lLabors-
tory (1950). The grading curve of any coarse aggregate
that falls in zone A is very coarse while zone B is for

aggregates that are neither fine nor coarse,
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Figure 2.2, Type grading curve for 20mm aggregate

(According to Road Research Laboratory: 1950).

(ii) PFineness Modulus

Apart from the use of grading curves for expressing

the fineness or coarseness of ?n aggregate, another method

is the use of fineness modulusi The fineness modulus of

an aggregate is the cumulative prercentage of the aggregate
retained on each of a series of sieves, each having a

clear opening half that of the preceding one, the total

being divided by 100, A normal coarse aggregate has

fineness modulus ranging from 5.5 to 8,0 while that of

sand is between 2.5 to 3.0 (according to Joseph: 1962),

(i1i) Particle shape and Texture

The particle shape and texture of aggregate greatly

|
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12,
influences many of the properties s5f concrete although
indirectly. Particle shape of an aggregate are grouped
as rounded, irregular, f{laky ant elongated, The best
shape according to Flvery (1963) teing rounded and then
irregular, %laky and elongated srapes should ?henever
rossible be avoided as they are a source of weékness when

used in concrete making,

The textures of aggregates are c¢lassified as being;
glassy, smooth, granular, rough ard crystalline, The
texture affects workability of concrete, |

!

{(iv) Specific gravity

The specific gravity of an aggregate is used in pro-
rertioning of materials for concrete, Thé specific gravity
could be based on saturated surface dry bhasis or an air-dry
bases =~ depending on the condition of the aggregate to bte
used,

The specific gravity of a meterial 1s the ratio of
its weight to the weight of an equal volume of water. The
average specific gravities of some common aggregates

according to Ochard (1973) are:

Sand-st me, 2,03
Sand and gravél, 2,65
Limestone, 2,65

and granite, 2,65,

The specific gravity of 3n aggregate could be deter-
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mined as specified in B,3, A12/

{v) Aggregate moisture content

The aggregate moisture content may affect the amount
of water that will ultimately be avallable for workability
and hydration in concrete, This is because some aggrega-
tes are highly porous. They have vacant spaces or pores
located between the individual mineral grains comprising

the particles.

When porous aggregatés are exposed to wetjess, they
start absorbing water into their pores. A dry aggregate
used in a concrete mix will absorb some water from the
mix, This causes the paste to be dehydrated which in
turn will affect the workability, strength and durability.
Because the absorbed water 1s not avallsble to hydrate
the cement, it is net included in calculating the mix's

water-cement ratio,

On the other hand, when a satnrated surface-dry
aggregate is used in concrete mix, it could be assumed

that the mix's water-cement ratio is unaffected.

Ag it is difficult to keep ageregates at saturated
surface-dry condition, moisture corrections are done in

order to overcome the difticulty.
l

!
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According to portland cemert association, the mois-

ture conditions of an aggregate can be classified into:

(a) Oven-dry aggregate,
This is an aggregate (that has been dried in an
|
oven at 105 tc 110°Clon = ho= plate or when

heated with a “urning alzohol.

(b) Saturated surface-drv a- pzregate,
This is an aggregate which was initially wet
but now has been surface-dried with a towel or
an aggregate that has been dried in air to the
point of surface dryness,

(¢) Air-dry aggregate,
(d) Wet aggregate. q

Figure 2,3 is the classification of aggregate mois-

ture conditions shown pictoriallv,

pore

ovea-tey &3
Air-dry Water film

Saturated
surface-dry

Wet or moist

Fig, 2,2 - Schematic representation of moisture
conditions of Aggregate,
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{(vi) Absorption Capacity

This is a measure of the water held in the nores of
saturated surface-dry (%.5.D.) asgregrates after imper-
sion for a specific time., The understanding of the
absorption property of aggregate is important as it is
used in calculating mix's water correction. Also a
highly absorbent aggregate will produce & very permeable

concrete which may not be durahle,

)

Absorption capacity {(A.C.,)} 1s exoressed‘Ls a percen-

'

tage of the oven=dry avgregate weight (7).

% A,C. = Weight of total nore water
' A X 100

= (8:8:0. = Ay 100
A

Moisture content J

This is a measure of the water held in the pores
of an air-dry aggreegate, Moisture content is also
expressed as a percentage of the oven-dry aggregate

veight. It is used for calculating mix's water correc-

tion.
% M.C. = weight of water :r POres y 449
A
=D - A X 100
A

!
Surface Moisture

-

This is a miasure of the free or surface moisture

on aggregate surfaces, Surface moisture (¥ S.M.) is

expressed as a percentage of 5.3,D, aegregate weight,
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It is also used ir calculating the mix's water correction.

% S.M. Weight of surface moisture

S.S8.0,

X 100

= (W-28.,°
5

D)y 900
GLD

Where W -« is the weight of moist (wet) agsregate

in air,

2,2 THE CONCRETE

Introduction

Conerete, an important anstruction materials is made
by mixing cement, aggregate and water, Its strength deve-
lopment is as a result of a2 chemical reaction that takes
place between the cerment and water., The cement reacts
with water {(a process known as hydration) to form a number
of complex chemical substances. The dominant product
according to vortland cement association (1975) consists
of tiny particles suspended in licuid. This material is
known as tobermorite get, Although other products are
formed during hydration (crvstalline calcium hydroxide,
for example) all these products are often lum&ed together

and called "cement get.,”

As the process of hydration proceeds, these gel
particles continue to srow until thev become interwined
with each other. These interwined particles become
rigid with time and form what is called hardened cement
past {(h.c.p.). This h.c.p, is the most fundamental mote-

rial which provides the strength that allows concrete to
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be used structurally, The aggregates wrich according
to Illston J.M. (1979) forms A0 to RO¥ of volume of

concrete, gives rigidity and dimentional stability.

By adjusting the constituent materials, concretes
of differing properties could be made to suit various
purposes, For instance a light we!ght concrete can be
produced by using light weight aggsregate which could
result in low dead weight of a structure., Concretes for
radiation shielding, high temperature or marine condition

could be easily made by using other suitable materials,

The proportioning of concrete materials to achieve

concrete of required quality is called mix design.

2.2.1 Concrete miﬁ design

Concrete mix design as defined by Neville (1963)
"is the process of selecting suitable ingredients of
concrete and determining their relative quantities with
the object of vnroducing as ecénomically as possible

concrete of certain minimum prooerties”,

Principles of mix design

The main objective of concrete mix design, as stated
above, is to proportion materials which will produce
concrete having require:d properties, Before a concrete is
designed for a particular job, consideration must be taken
of the site condition the concrete is to be made and

placed,
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Some of the important factors to.be considered in
mix design include water-cement ratio and compaction,
The water-cement ratio of any mix is impqrtant because
there is an oontimum quantity of water needed for cement
hydration and werkability, If the quantity of water used
exceeds the optimum, the excess water will dry out as the
concrete hardens, This leaves voids within the concrete
which could cause reduction in strength. Non-fully comp-
acted concrete behaves *n a similar manner with a concrete

in which excess water has been used as regards to strength.

Concrete mix design procedures

3

Alot of concrete mix design oprocedures have heen
suggested hased onldifferent factors involwved. Rene Teret
found in 18382 that the compressive strength of concrete
and mortar is proportional to the amount of cement in the
mix, and that it increases as|the velume of volds in the

|
aggregate decreases, :

Duff Abréms demonstrated in 1918 the relationship
tetween strength and amount of water per unit volume of
cement in the concrete, He foind that the strength of
concrete depends on the ratic of water to cement in the
mix, The Abrams "water-cement law" in slightly modified
form is used as the basis for some cbncrete mix design
methods, However apart from giving consideration to
water-cement ratio, other factors such Aas aggpegate-cement

ratio, grading, surface texture, shape and largest aggre-
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gate size to be used must also be considered,

Other methods, not based on Abrams le include those
based on proportioning materials for maximum density or
minimum void contents such as Vallette's method, the
Fuller ideal Curve (1907), Bolomey's formular (1926) and

the Fineness modulus methods were used,

The above high-lighted methods of concrete mix
design are sometimes cumbersome due to the fact that they
involve the use of charts and tables which were arrived
at using particular materials from a particular source,
ts in the case of t%e British method of mix design (based
on Abram's principle), the graphs and tables are appli=-
cable only to London aggregates according to Murdok (19€8),

For this method to be used elskwhere, some form of modi-

fication is necessary.

For small jobs, the approximate method of design
vsing the absolute volume method bYecomes very handy., In
this method, the proportions of cement and aggregates
are fixed and only the water content of the mix is varied,
To achieve concrete of desired quality using this method,
preliminary mixes are usually made and tested, The mix
that satisfy the recuirements is adopted, The use of the

use has been practiced for quite sometime, th

absolute volume method is easy due to the facj that its
s making

|
the characteristics of certain norminal mixes to be
known, Some recommended norminal mixes include 1:1:2,

1:1%:3, 1:2:4, 1:3:6, and 1:L:8, The proportions are
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for cement, sand and coarse apgregate respectilvely.

2.2.2 Properties of fresh concrete

The quality of hardened concrete can be said to be
dépendent on its properties at fresh stage. A fresh
concrete that has many defects like segregation and
tleeding will definately have low streng?h and durabilitv.
Thus fresh concrete must be checlked and gatisfied adeguate
tefore used., Some properties of fresh concrete that must

bte checked include; segregation, hleeding and workability.

Segregation

This as defined by portland cement gssociation "is
the separation of the constituents of a heterogeneous
concrete mixture so that their distribution is no longer
uniform,"” HBecause concrete is made of varticles of dif-
ferent sizes and specific gravitiss, care must be taken
in selecting and handlirg of materials otherwise segrega-

tion takes place,

Segregation is quite det*imental to concrete as it
prevents prover compaction which results in rock vockets,

porous layers, crazing and surface scaling.

Some occurences of segregation are due to poor mix
design, poor handling. Harsh mixes, dry mixes under-

sanded mixes, may segrerate even with careful handling,



This is a type of segresatior in whi~h mix water
tends to rise to the surface of fresh concrete as the
solid constituents settle downward, Bleeding can produce
porous and weak concrete which can easily disintegrate,

It is caused by pvoor erading and use of excessive amount

of water,

Workability

Of the various properties of fresh concre%e, worka-
bility is the most important. Concrete mix must be
sufficiently fluid to allow for easy transportation,
placing and compaction. However Jt must not be so fluid

that it segregates,

The fluidity of concrete is known as workability and
as defined by Blanks et al. (19L0) is "the ease with which
a given set of materials can be mixed into cencrete and
subsequently handled, transported, and placed with minimum
loss of homogzeneity". PRefore deciding on the appropriste
workability for a given mix, consideration must be given
to the process of handling and compaction of the concrete.
For highly congested reinforced sections, medium or high
workability is necessary., This alse applies to concrete
trat is transported by pumping or placed without compac-
tion, For lightly reinforced snctions of average size -
and when powerful vibration is available, low workability

could be adequate,
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The degree of workability of any mix plays an impor-
tant role in determining the stresth of hardened concrete,
Sufficient workability helps in adeguate compaction of the
concrete resulting in a concrete of high strength. Low
workability on the other hand produces the opposite result
unless heavy compacting equipment are used. Figure 2,3
shows the relationship between degree of compaction (which

is influenced by workability) expressed as density ratio

and corresponding strength as strength ratio,

075 080 085 080 085 10
DENSITY RATIO
Fig. 2.3 Relation between strength ratio and
density ratio.

(According to Glanville, Y.H, et al, : 1974)
|

Factors Affecting Workability

The main factor that influences the workability of
2 given mix is the water content of the mix, expressed in
kilogram per unit volume of co#crete. Other factors are

the amount and type of aggregate, cement and admixtures
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used in the mnix,

Effect of Aggregates

The type and characteristice of agegresates have a
remarkable influence upon the workabilitv of a concrete,
fccording to Joseph (19R2), aperegates of sub angular or
subrounded shapes gives concrete of adequate workability
other things being equal, Aerrecates having large amount

of flaky elongated pieces nrodnce concrete of poor worke

ability,

Apvart from the shape and texture of aggregates,
their grading especially that of sand and finkr portion
of the coarse aggregate affects the workahjliiy of a mix,
The grading of sand should as far as nossible: conform to
the grading shown in table 2.1, accordineg to Joseoh (1962).
Sand that fluctuates from high 1limit on one sieve to low
limit on the adjacent should be avoided. Jnsevh further
said that any sand thati does not contain much of fractions
passing No. 50 and No, 100 sieves is undesirable. The
effect of coarse aggrerate grading is less significant
when compared with that of fine aggregate,

Table 2.1 sieve Analysis of sand
{(According to Road Research Laboratery)

Sieve size (mm) Cumulative
percentage passing
92 = == - 100
He75 = = = = = = v = = - 95-100
2.36 = = =« = = =« - - - 75-80
1178 = = = = = = = = = - S0-7%
FOO UM = = = = - - - = - - 3068

300um - = = = = - - - - - 10-30
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150 um - - - - - - - - - - 2.8
Fine ness modulus = - « - 7o 023,00

Effect of Cement

The quantity as well as the fineness of cement affect
the workability of concrete mjﬁes. A mix with low cement
content (a lean mix) is harsh and thns not workable. Hizh
cement content results in a prlartic mix that is plastic
and workable, 3imilarly the fineress affects the worka-
Pility. Cement ground to the upver limit of fineness
makes more workable concrete because it is more cohesive
and has less tendency to segregate and bleed. Coarse
cement, on the other hand, reduces the stickiness of the

rix and therefore is less workable,

Effect of Admixtures

Admixtures are used in concrete to improve certain
of its properties., Thev consist of those which accele-
rate and those which retard hydration or setting of cement,®

those which improve werkability, water proofness etc,

To improve workability, etrained ai?, pozzolana, fly
ash or diatomaceous earth could he used. ! Tt should how-
ever be borne in mind that the use of a particular admix-
ture could affect more than one propertv. Thus these
materials must not be vsed without prior testing to guage

their effect on strength and durability of a concrete,
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Measurement of Workability

To date, no accurate and direct method of measuring
the workability of a mix have beer devised, However
there are methods which measures wnorkability indirectly.
These methods includes; the measurement of the penetration
of a calibrated needle or plunger, the slump test, com-

pacting factor methed and many others.

The slump test together with observation of the
behaviour of concrete is now the best means of assessing
the workability of a mix, The concistencv of a mix 1is
measured by the slump test, plasticity, harshness, and
cohesiveness is determined by noting the avpearance of
the slump specimen after the rimoval of the slump cone,
A plastic mix (workable mix) will tend to stick together
and subsides unbroken when the cone is removed, “While a

harsh mix behaves in an oovvnosite manner,

The Slump Test

The details of the method of conducting this test is
described in B,S. 1881, The test is done by filling a
rould with a shape like the frustrm of a cone. The fil-
ling is done in three layers, each of the lavers being

tamped 25 times with a standard rammer of 26mm diameter.

The surface is then levelled off and the lone lifted
vertically allowing the unsﬁpportpd concrete to settle
or collapse. The differerce between the original and
final heights represents the slump (which gives the

measure of workability) of the mix.
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With the slump test, a2 mix could produce Frue slump-
meaning the mix is workable, stear slump-meani%g the mix

is harsh, collapse slump meanine the mix is highly workab-

le, The various types of slumos are as shown in figure 2,

MQULD TRUE SLUMP

COLLAPSE SLuMmp
4 100mm b=

—

i
!
I
|
!
f

!

300 mm

..J..__'l
{
1
{
1
\
}

k-200mm ——y

Fig, 2.4 3lump Mould and “lumps,

Compacting factor test

The slump test is only satlisfactory for mixes of
high workability. For concretes 5T low workability, the
slump test cannot be used because in these mixes there
may be zero slump. The compaJtinﬁ factor test in this
case becomes the most anpropriate., This testing method
measures the degree of compacting achieved by a standard

amount of work.

Murdock (196R) defined commzcting factor as "the
ratio of the weight of partially compacted concrete to
the weight of fully compacted concrete, expressed to the
nearest decimal place". The value of compacting factor

lies between 0.75 to 1,0. Concrete with compacting
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factor less than 0,75 cannot be comracted by hand satis-

factorily.

The compacting factor test is conducted using the
apparatus shown in figure 2.5, This consists of two
rigid conical hoppers, which are wounted axially above a
cylindrical mould.. The lower ends of the hoppers are

closed with the aid of trap-deoors s shown.

The upper hopper is filled with concrete, this is
carried out gently so that no amount of work is done on
the concrete {i.e. no compacting). The trap-door at the
rottom of the hopper is then released and the concrete
falls into the lower hopper. Thre door ony the bottom is
similarly opened so that the concrete fails into the
cylinder. Excess concrete on the eylinder is levelled off
gently and the sides cleaned, Tre cylinier and the conc-

rete is weighed.

The cylinder is refilled with corcrete from the same
sample in lavers of abnut Scm deep and the layers rammed
heavily or alternatively vebrated. The weight of this
fully compacted concrete is determined and the compacting

factor calculated.
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Fig. 2.5 COMPACTIMG FFCTOR APPARATUIS,
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- Properties of Hardened Concrete

The study and understanding of the properties of
concrete is very important in rredicting the performance
of concrete in service condition. Because of the hetero-
geneous and complex nature of concrete, its properties
might be remarkably affected bv minor variation in either
the mix proportions, curing methods, testing methods and/
or the prevailing climatic conditions. The followings are

some of the key properties of concrete:

Ultimate crushing strengt#

Tensile and lexural strength

Deformation characteristics

Density

Permeability

Durability

Investigations into the properties of concrete are
sometimes made easier due to the closely related nature
of some of these properties. For example a concrete of
high crushing strength may have high tensile and flexural

strengths, high durability, high density and 1ow permea-
bility,

Ultimate Crushing Strength

The ultimate crushing streneth of concrete is of
major importance as it is directly related to many other
properties. A concrete having high compressive streneth
is likely to have a good durability when;subjected to

weathering and chemical attack according to Elvery (1963),
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Concrete compressive strength is eazy to determine
and for this reason is the one most universally used in
concrete practice. Concrete crushing strength tests are
usually made on 150mm, or 100mm cubes. 150mm dia by I00mm
cylinders are alsc used, It has been found that cylinders
fail at lower compressive stress than 150mm cubes of the
same quality concrete, According to Flvery (1963), the
ratio of cube strength to cylinder strength is about 4:3,
Elvery further said that the concrete cube crushing
strength may be as high as 7?N/mm? but the minimum
strength reguired for ordinary reinforced concrete is
about 21 N/mm?

| !

The strength just as with other properties of conéfete
is influenced by certain factors., The factors are; type
and quality of cement, degree of compaction, water/cement
ratio, age, curing conditions |etc.

The gravhs overleaf depiot the relationships between

strength and these factors,
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Tensile and Flexural Strength

Although the tensile strength of concrete is verv
small when compared with its compressive strength (ebout

%5 to % of -compressive), it is imvortant as it is the
sfrength that mainly reduces c$acks formation., Whereas
the compressive strength deperds, generally, to a certain
extent cn the compressive strerngth of coarse agpregate as
rentioned by Illston (1979) the tensile strenpth depends

mainly on the properties of the mortar hetween the coarse

aggregate,

There are three different methods for measuring the

tensile strength of concrete., These are:

(i} The direct tensile test,
(ii) The flexural (or bending) test on %eam,

(1ii) The indirect tensile test (split tensile test).

Of the above methods, the flexural and splitting tests
are the most usual methods used. The flexural test is done

as described in R.3., 188”1,

The splitting test method was first lsuggested by
Akazawa of Japan in 1942 and also by Carneiro of Brazil
in 1947. This test involves loadirg cylinders along a
generator, The loading arrangement is as shown in figure
2.10. The tensile stre-ngth (splitting strength) is calcu-

lated using equation (1),
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.___CONCRETE CYLINDER

Tensile stress = 2P - - == (1)
i |
Where P = load at failure

D

diameter of cylinder and
L

I

is the length of the cylinder

Orchard (1962) said that the size of plywood packing
has an unpredictable and irregular effect upon the split-
ting strength. For these reasons, the di%ensions of the
packing has been standardized at 12,5mm (% in) wide by
3,13mm (% in) thick.

The splitting test as investigated in Holland can
also be conducted on cubes., The tensile strength when

cube is used is given by the relation:

Tensile stress {fct) = O.6uFbqu} - e« (2)
Where a = length of side of the cube

Fcu = failure load.
|

Althnough the tensile strength can be determined by
three different methods, it has been found that the values

of tensile strengths obtained using the different methods

F
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gre not the same, Wright (1955} found that the splitting
test gave results which were about one and a half tipres
those of the direct test and about two=thirds of the
modulus of rupture for the same concrete, -

As mentioned earlier (2,2.3,1), the tensile strength
of concrete is related to its comnressive strength,

Figure 2,11 shows the relationship between tensile and

cempressive strengths as obtained by Fyans, R,H. and

Benette, J.D. (1958),

E+&
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CUBE CRUSHING STRENGTH (fc)
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-Fig. 2,11 Relation between tensile strength and

crushing strength of typical gravel
aggregate concrete,

(According to Evans, R.H. and Benetke, J.D. : 1958)
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Concrete Deformation Characteristics

Whenever concrete is loaded, it deforms, This defor-
mation depends on the amount and rate of loading and the
duration of the loading, The deformation of concrete
consists of two parts; the initial elastic deformation and
the non-elastic - time dependert deformation otherwise
Fnown as creep,

Although concrete deforms elastically as well as non=-
elastically, the elastic deformation in concrete is unlike
that of metals, In concrete the load (stress) - deformation

(strain) relationship is non-linear in character,

(i) Elastic deformation of concrete

Concrete behaves elastically to some extent. An elas-
tic material is defined as any meterial that recovers its
original shape when a deforming force has been removed,

The stress-strain relationship of concrete greatly depends
on the rate of loading, “hen Jhe load is applied very

quickly, the stress-strain graph is a straight 1line, How-
ever when the same concrete is loaded gradually, the graoh
is a curve., Figure 2,12 depicts the relationship between

compressive strength and corresponsing strain,
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Fig. 2.12 TYPICAL STRAIN=STHESS CURVE FOR CONCRETE (33)

(ii) Modulus of Elasticity

This is defined as the ratio of the applied stress
to the achieved strain.

Modulus of elasticity & = stress/strain = 6/E

The modulus of elasticity is used when estimating the
deformation, deflection or stresses under normal working
loads. Because of the non homogeneity of concrete, it is
not a properly elastic material and thus the modulus of
elasticity depends on the particular defination adopted.
With concrete, there are three possible moduli of elasti-
city as shown in figure 2,13, According to Elvery, R.H.

the easiest to determine is the secant modulus of elasticity
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and is the most realistic as it takes into account the
total deformation at any one point. The average range of
modulus of elasticity for most concretes at 28 days is
from 15 to 4O KN/nmz. This as pointed out by Elvery, R.H.
may be assumed to be 3,8 \r- (Eoncrete strength, N/mmz}KN
for normal concrete.

The most important factor that affects the value of
the modulus is the stiffness of the aggregate. The stiffer
the aggregate the higher the value according to Johnson
(1967).

STRAIN

Fig. 2.13 A TYPICAL STRESS-STRAIN CURVE SHOWING
DIFFERENT MODULI OF ELASTICITY

Density of Concrete
The density of a material is defined as its mass per

unit volume and is calculated by the relation;

Density (Kg/m3) = lass (Kg)/volume (m31.
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There are a number of methods of determining the
density of concrete, However thn‘Pasiest is by finding
the mass of a known volume of concrete and dividing by
the volume, The density of normal concrete according to
Cchard (1973) ranges from 2354.© Fz/m3 to 2563,2 Kg/m3
while that of light weight concrete is between L00.5
ve/m> to 1762.2 Kg/m:

The density of concrete depernds on many factors due
to the heterogeneous and porous nature of concrete,
Factors that affects densitv of concrete include; the
density of aggregate, grading, degree of compaction,
water-cement ratio, moisture content of the concrete at

the time of testing.

Because of density of conérete depends on its mois-
ture condition, it is often specified in terms of its
cdegree of dryness, Thus the density can be based uponj
caturated surface dry, air-dry or oven-dry conditions,
The most frequently quoted density of concrete is that

based upon the air-dry condition,
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CHAPTER __THRFE

3.0 MATERIALS AND TESTINC

In order to minimize the number of variables, each
of the materials used for this research were obtained from
a2 single source., The coarse aggregate was sole(y made
with bricks from a source, This also avplies to the sand
cement and water, The tests were carefully carried out as

specified by the British Standards and the manufacturers

of the machines used,

3.1 MATERIALS

The concrete whose properties were determined was
nrade with coarse aggregate produced by manually crushing
tricks, The bricks were obtained from the brick spoil
heaps of Nigerian Brick and Clay Products Ltd., Kaduna
factory, The spoil heaps contained the various types of
bricks manufactured in the factory, this ranges from engi-
neering bricks to decorative bricks, River sand obtained
within the Zaria environment was used as the fine aggregate
for all the mixes. This was however sieved to remove all
particles retained on Smm sieve., The cement tyvpe used
was Ashaka ordinary portland cement, These were mixed

with pipe borne water fit for drinking.

3.2 EQUIPMENT

The concrete was mixed with the revolving drum type
concrete mixer, "ell polished and oiled cast iron moulds
comprising of 150mm X 150mm X 150mm cubes and 150mm dia-

meter by 300mm cylinders were used in making the concrete
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specimens, Vibrations applied through a vibrating table

was used to compact the cnncrete.

3.3 PROPERTIE! OF CRUSHFED BRTCK AGGRFGATE

The physical properties of!the Tanually c¢rushed
trick aggregate were determined based on air-dry and satu-
rated surface dry (S,5.D.) bases, These were determined

according to the avpropricte sections of B.S. or ".3,.T.M,

codes,

3.,3,1 Average Compressive Strength of Pricks

Although the bricks used were a combination of diffe-
rent types, the average compressive strergth of the predo-
minant trick type -~ the engineering brick was determined,

The average strength was 30 N/mm?

2,3,2 Grading of the Aggregates f

The crushed brick aggregate as well =2s the fine
agpgregate were graded in order to remove unwanted aggre-
gate sizes and also to proportion the various aggregate
sizes. The coarse aggregate (brick aggre%ate) was graded
by passing it through sieve sizes 20, 10 And Smm., It
was proportioned by combining 65% and 35% of material

retained on sieve sizes 10mm and “mm respectively,

The fine aggregate was graded hy sieve analysis as
specified in B,S. B882. This was lone by passing R.oKg
of the aggresate througr 5mm, 2,36mm, 1.18mm, 60O m,
300 m and 150 m sieve sizes, The sieves were shaken

by mechanical vibration, The cdetails of the calculstions



of the sieve analysis are given ir tables 3,1 and 13,2,

while table 3,3 shows the calculations for finding the

Frading curve for the combined agereeate,

F.S., Sieve| Weight Percentage| Cumulative | Cumulative
Sizes (MM) | Retained| Retained Percentage | Percentage
(kg) (%) Passing(%) |Retained ()
20 0.00 0.00 100 0
2.5 32.50 €5.00 35 65
4.75 17.50 35,00 0 100
Pan 0,00 0,00 0
Total 50.00 100 |
Table 3.1 Sieve Analysis details for the brick

Total weight sieved = G0Kg,

aggregate,

B,S, Sieve Neight Percentage| Cumulative| Cumulative
Sizes (mm) Retained| Retained Percentage
(Kg) (¥) Passing(¥)
4.75 0.412 5.15 oL . 85 5.15
2,36 1.045 13.07 81,78 16.22
1,18 2.900 26,26 45,52 5k .48
600 m 2.550 31.89 13.63 86.37
300 m 0.430 5.38 8.25 91.75
150 m 0.435 5.4k 2.81 97.19
Pan 0,225 2,/ 0,00 00,00
Total 7997
Table 3,2 Sieve Analysis details for fine

aggregate,

Total weight sieved

A,0Kg




Table 3.3 - Calculations for comtined grading curve
(1) (2) (3) (L) (5) (6) (7) (&) (9) (10) | (11) (12)
Sieve [ndividual [|Analysis of available aggregate 5 2 maw xam» Result- Resul.
Size ercentage - 2 oarse ant % ant
(mm) etained on Percentage passing wawummwmw Coarse fine fine | retained K
or curye wmﬂm»:oamos on (9)+(10) |Passi
3 Coarse fine Coarse fine

20 0 100 700 00 00 0 0 o) 0 T00
9.5 35 35 100 65 0 32.5 0 o 0 Lo 60
L4.75 23 0 QL .85 35 5.15 17.5 2.58 [27 2.0 23 17
2.36 7 0 81,78 0 13.07 0 6.53 | 0 5.0 5 32
1.18 7 0 45,52 36.26 0 18.13 13 13 19
600um 7 ) 13.63 31.89 0 15.94 12 12 7
300pm 16 0 8.25 5.38 0 2,69 2 2 c
150ua = 0 2.8 S.hly 0 2,72 2 2 3
Fan 0 0 2,81 0 1.40 - - - -
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3.3.3, Particle Shape and Texture

The particle shape of the aggregate was determined
by the visual method as eqyipment for conducting this
test were not available. The crushed brick aggregate
contained angular shape particles as the predominant
particle shape with a few flaky shaped particles.

The sur'face texture of the aggregate could be desc-
ribed as a combination of smcoth and rough. This is
because the edges of the aggregate were rough while the
tops and bottoms were smooth. Flate I shows the particle

shape and texture of the brick sample.

Flate I - Particle shape and texture of the brick
aggregate sample,

3.3.4 Specific Gravity

This was determined according to B.S. 812. A
guantity of the aggregate retained on 10mm sieve (Skg)

was weighed. The sample was thoroughly washed and
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immersed in water for 2hhours, the welght of this wet

aggregate was determined by we.ghing under water with the

aid of a wire basket, The

aggregate sample was then

surface dried by spreading it on a hessizn and gently

blowiqg alr from a ceiling fan, The weight of the

saturéted surface dry sample was determined., This was

then dried for 24 hours in an oven at 100°C - 110°C,

cocled and re-weighed,

Calculations:
Let A =: weight of
B = weight of
C = welght of
D = welght of

in air,.

oven-dry sample

saturated surface dry sample,
saturated sample in water,
aggregate in its natural state

For the brick aggregaté sample,

Specific

= L.78 Kg
= 5-37 K‘g
= 2.62 Xg
= 5.0 Kg
Apparent specific gravity = A
. Y
i = a'fl‘B
= 2021
gravity on dry basis = A
| | .7 Topl
= .'tt’,
= 1.74
Specific gravity on 35.5.0. basis a B
BT
= 5.37
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3.3.5 Moisture Properties of Aggregate

The moisture properties of the aggregate (absorption
capacity and moisture content) were determined using the
readings obtained for the specific gravity calculations.

The moisture properties calculations are shown below:

Water absorption, per cent = B - A

T X 100¥
.3171-¢7Hh'.7 x 100
= 12,34¥
Moisture content, per cent = D - A X 100
- :00 o h078
o X 100
- 1‘.609’

3.3.6 Bulk density

The bulk density of a material is defined as the weight
of material held by a container of unit volume when filled

and compacted under a defined condition,

The bulk density depends on| the amount of moisture
content of the aggregate, gradineg and the amount of compac-
tive effort used in filling the container. For these
reasons, the bulk density of the aggregate was determined
on the bases of air-dry and saturated surrace-dry conditions
for both compacted and uncompacted situations, The proce-

dure for its determination is as follows:

For the uncompacted situation, the bulk density was
determined using 150mm X 150mm X 150mm container, The

container was first weighed and then gradually filled with
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the aggregate sample using a hand scoop. The top was
then gently levelled off and the container with the
aggregate weighed,

For the compacted situation, the container was
filled in three equal layers, Etach of the layers was
tamped with 25 strokes of a Z5mm standard rammer, the
top was then levelled off and the weight of the compacted
aggregate determined, Table 3.4 shows th* calculations

of bulk density of the brick aggregate sample,
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Table 3.4 Pulk density Calculations
No., | Condition of |Weight of |Size of Uncompacted | Average Compacted Compacted
sample Container | Container | weighi (Kg) pecompacted weight (Kg) | density
density
(Kg/M) (Kg/™)
1 | Air-dry (0.15)°%° | 3.26 3,75 -
2 " " 3.29 3.29 |
3 " R " 3.24 973.04 3.76 1110.52
L " . 3.25 3.77
- " " 3.28 - 3.74
1 SSD . 3.66 .26
2 » . 3.59 4.28
3 " > 3.68 1079.7 4.30 1269.9
L - . 3.64 h.30
5 " " 3.65 .28 | |
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3.3.7 Voids ratio

The void content of 2n apgregate indicates whether an
aggregate is well graded or not. Yor a well graded aggre-

gate, the void ratio is :=mall,

The void content was calculated using the following

relationship:
Void ratio = 1 < Bulk density .
5,0 ¥ unit weiesht of water
for uncompacted, void =1 - Q73,04 X 100
T.704 x 1000 ‘
= h‘uq”
for compacted, veid ratic = 1 - 1110,52 % 100
LT X '
= 3,60

The above values of veoid ratios show some elements

of good grading in the zggregate.

3.4 CONCRETE EXPERIMENTAL DFTATIR

The test specimens made comprises of cubes and cylin-

ders, These were used to determine the ccncrete strengths

and density.

In designing the concrete for these specimens, a
constant mix proportion (1:2:li) was used, Three water-
cement ratios were used. The details of concrete mix ,
design principles and calculations are given under conc-

rete mix design.

3.k.1 Specimens ldentificatioh

As stated earlier, ~ne concrete mix proportion with

three different water-~cement ratios were used, The three
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mixes were identified by letters A,R and C, The conc-
rete specimens were tested at the ends of 7, 1, 21

and 28 days, A total of 70 cubes and 10 cylinders were
made for each of the three mixes, For each concrete
mix, three batches were made. Batch one was identified
by A1, batch two by A2 and batch three by AB. Similarly
the other mixes were identified by B1, B2, £3 and C1,

C2, C3 respectively,

Table 3.5 depicts the specimens identifications as

used in this research,

Table 3,5 - Specimens Identification

& » <3 A R C
O
1 A1 R1 o]
2 A2 n2 c2
3 A3 B3 C3

3.4.2 Concrete mix design

The concrete was designed using the absolute volume
design method (fixe) rroportion methed), A mix propor-

tion of 1:2:l4 with three water-cement ratios was used,

The concrete mix desigr was based on the following
data:



(1)

(11)

(1i1)

{iv)

3.2

Brick aggregate

Loose bulk density {air-dry)
" B " (2.9.0.)
Specific gravity (air-drv}

" n " (IC."—‘_D_)

¥ absorption capacity

 moisture content

sand
loose bulk density (airLdrv)

specific gravity "

cement

loose bulk density
specific gravity
water

bulk density

specific gravity

Concrete mix A: (w/c - 0O.70)

51.

973.0L ¥e/m>

1079.7 Kg/m®
1,74
1,95
12,309

It .60

1660 Kp,/m3

2.6

WO Ke/m
3,15

1000 Kg/m-

1.0

In this concrete, a water cement ratio of O.EO was

used. Some amount of water was added during the mixing

to take care of the absorption of mixing water by the

brick aggregate,

The added amount of water was calcu-

lated using the percent moisture content and the percent

absorption capacity of the aggregate,

Calculations:

Mix proportion - 1:7

Yater/cement ratio -~ Q.70

thy



Absclute

Absolyute

Absolute

Absolute

Absolute volume of water

52,

volumes of materials

volume of brick aggregate = I x 973,04 = 223,AR]
.70

volume of sand = 2 x 1660

volume of cement = 1 x 140 = 457,140

1]

1,0

Total absolute volumes in litres =(2236.8+457.14+1008)1,

Duantities of materials per 1m

Brick aggregate

Sand

Cement

Water

Mix's water correction:

% absorption capacity

% pore moisture

Water

rete is:

i

3

L x 973,0Lh4 x 1
iL.96

784,71 Kg

2 x 1640 x 1
.96

660,35 Hg

1 x 1440 x 1
Le 96

290r32 Ke
0,7 x 4L0 x 4
RIS

203,2 ¥g

= 12,344
w4 R0

784,71 x (12,34 - h.6)
100

50.7h Kg

.*. total amount of water to be added

concrete irs

(20%,2 + 60.7L)Kg =

to be absorbed by aggregate in each m

L o5l , Bl
u.96m3

3

of conc-

‘per m3 of
263,94 Kge
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3.L.2. Concrete mix B (W/C = 0.7)

Concrete mix C was designed based on a saturated
surface dry aggregate, The aggregate was immersed in
water for 24 hours and later surface dried, The bulk
density and specific gravity used were therefore those

for a saturated surface dry aggregate, A wfter/cement

ration of 0.70 was used,

Mix proportion - 1:2:4
Water/cement ratio - 0,70

Absolute volumes of materials

Absolute volume of brick aggregate = g%1079.7 = 2214,77L

é:,gsso = 1262,83L
b5

1)(1!.5&0 = 738.1.[61.

3.15

0.7x1k§0 = 516,92L
Total absolute volume in litres

= (2214 ,77+1252.83+738 ,4,6+516,92)L
= L4722,98L
= b..'??m3

Absolute volume of sand

Absolute volume of cement

Absolute volume of water

'
Quantities of materials per m~

Brick aggregate = L x 1079.7 x 1

4.72
= 915,0 Kg
Sand = 2 x 1660 x 1
= 703.3F Ke
Cement =

1 x 1440 x 1
-_377?i__--_

305,08 Kg
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Water = 0,70 x 1440 x 1
; .72

Concrete mix C (¥W/C = 0,858)

This mix was based on the principle of adding as much
amount of water as will make t%e concrete workable, A
preliminary mix was made and it was found appropriate
to use a water/cement ratio of 0,88

Mix proportion - 1:2:4
water/cement ratio - N,A5

Absolute volumes of materials

Ahsolute volume of brick aggresate

1}

) x973.0l

= ?23A.R7L
Absolute volume of sand = = 1252,81,
fbsolute volume of cement - = 157.7L
Absolute volume of water = = 124L

Total absolute volume in litres
= (2236.87+1252,R+457.1+1220)L
D= 5170.81 L

= 6.17m3

Quantities of materials per m3

L x 973,04 x 1
517

752.8uKg

Sand =z 2 x 1660 % 1

6h2,17¢g

Brick aggregate

Cement

1 x 1LhO x 1
5.17

0.85 » 140 x 1
5,17

= 236,7%Kg

Water
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Table 3.6 - Summaries of concrete mix proportioning ratios
Mix | Mix proportioning | W/C Specimens Volume of | Total amount of materials required
ﬂmﬂuwm ww weight | effective cocrete + | Cement Sand gz. Water
10% waste (Kg) (Kz) (Kg) (Kg)
(m°)
70 cubes
A | 1:2.3132.7 Geild and 10 | 0.493 143.13 [329.99 | 386.86 100,18
cylinders
B 1:2,31:30 0.70 " 0.493 150.40 | 345,77 451.1 105.29
» 112.31:2.M 0.85 " 0.493 137.32 | 316.5 371.15 [116.72
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3.h.3 Workability test g

The degree workabilitie: of the cnrcrete mixes were
determined by the slump test. The decrees of workabili-

ties obtsined were low for nmixes A and B while high work=

ability was obtained for mix C.

3.4.3.17 The Slump test |

The test was conducted as described in B,3, 1RR1, A

well polished and oiled slump mould was placed on a level
plastic plate. It was held firmlvy in nlace and filled
symmetrically in three layers of approximately egual volume,
Fach of the layer wsas rammed with 25 strokes of 20mm round
ended rod, The top of the mould was levelled after the

last layer, The mould was then withdrswn vertically up-
ward and the slump measured. The silumps obtained and the
corresponding degree of workabilities are discussed in

chapter four, _ -

3.h.h Moulding and compacvion of concrete specimens

Two types of cast iron moulds were used. The moulds
were 150mm x 150mm x 150mm cubes ard 150rm dia x 300mm

cylinders.

The concretes were compacted btv ribration carried out
with vibrating tatle, The cubes were filled in three
equal layers and each of the lavers was vibrated for about
one minute. The cylindere were filled in four layers and

each was vibrated for the same period of time as with cubes,
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3.4.5 Curing of Specimens

The concrete specimens were cured by completely immer-
sing them in water uptil the time they are required for
testing. This was done by demoulding the specimens after
about 24 hours from the time of casting and immediately
immersing them in water. The average temperature during

the period of curing was 2,°C,

3.5 TESTS ON HARDENED CONCRETE

Destructive methods of testing were used ln this inves-
tigation. The tests conducted were the ultimate crushing
test for cubes, split tensile and static modules of elasti-~
city tests for cylinders, The density of the concrete was
also found.

3.5.17 Density of Concrete 1

The density of the "brick aggregate concrete" was deter-

mined based on three moisture condition of the concrete,
These are:
(i) Saturated surface dry,
(ii) Air dry,
(iii) Open dry.

The densities were determined by weighing a 150mm x
150mm x 150mm concrete cube specimens under each of the
above moisture conditions and the densities calculated
using the relationship:

Density = Mass
volume

For each of the conditioqs, an average was calculated

from 5 cubes., Table 3.7 illustrates the density calculations,
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Table 3.7 Density Calculstions

Specimen | Condition Volume Average Average
(m3) T;zg Denai;y

(Kg/m~)

S.S.D. 3,38x107° | 7.28 2153.85

A Air-dry " 7.05 2085 .80
| Oven-dry . 6.32 1869,82
S,S.D. " 730 2159,76

B Air-dry " 7.12 2106,51
Oven-dry " 6,35 1878,70

S.8.D. . 7.38 2183.43

C Air-dry " 7.15 2115,38
Oven-dry . 6.40 1893.49

3.5.2 Ultimate Crushinz Strength

The specimens used for this test were 1ubea of size
150mm x 150mm x 150mm, A total of 200 cubes were crushed,
The crushing was done at 7, 14, 21 and 28 days from the
date of casting. The crushing was carried out while the
cubes were at the saturated surface dry condition. This
was in order to have a constant water content and thue
constantf:tggessure in the specimens as specified in
B.S. 1881, The type of crushing machine used was moto-
rised hydraulic compression machine of 1520KN capacity.

The following precaution were taken in order to avoid
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variations in results due to testing errors;

(a)

(b)
(c)

(d)

The cubes were placed centrally in-between
the platens to avoid eccentricity in loading.
Uniform rate of loading was applied.

All projections from the faces in contact
with the platens were scraped off,

The loading was applied through two

smooth surfaces,
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3.5.3 Tensile Strength
This was determined by the cvlinder splittireg method

and was carried out at the end of 28 days of moist curing.

T™e tes l‘ was '_"'}""'].‘._}ff "\,“-r:: 95 ":“5';'_:'.'"’_'}“'“‘, i“ (-_..:ﬂl. “ (‘Fw_,.l
(1970). This involves loading a 150mm diameter by 300mm
long cylinders along a generator until the cylinder splits.,
The loading was anplied through two nackines measuring
I0mm x 300mm. The loading arrangement for this test is

2o
R
; T P By e
late [ Splitting test arrangement.
The ter 1 strength of the concrete was computed
P . 1

Where: ® = maximum failure load in newtons

[ length of cvlinder in mm

i

D = diameter of cylinder in mm

The results for this test are given in chapter four,
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‘o5 Static Yodulus of Flasticity

| .
The test of determining the stutic modplus of elasticit-
wzs conducted ss srecified in =.7, 1771 (197n), Concrete
slinders measuring 1680mm dismetes "o A00mm were used aftap

vire for 289 jays,

The test started by findine the cornressive strensth »f

‘e eroncrete, This was dope hy o shing three 180pm x 150me

-

“Omm cures casted at the same *ire with the cvlinder
specimens and calculatine the average, The specimens far
letermining the modulus|of elastici*v were ther logded ard
tnloaded once to 2 stress of one=*vipd n® the vltimate
crushing strenzth of the corcrete. T“orsequent decrease in
Tength of specimens were ther read! “pam the mounted comnre-
c=ometer, Three readinres were fi=lker during loading as well

& during unlosadire,

‘late TIT showe the rasitions af the extensometer and

te dial guage in a 'mive=s3l terting mnchine,
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CHAPTFR FOUR
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The results of thre

three are renaorted here,

results are nresente.

found

Niscussiom on

«ith normal

in the anpendices,

the

concrete were

.1 _RESULTS

K

Brick azgregate

results

various

The detniled

- 15‘,._

—-n“h T raat
i H

tanta

Bt ined

areien

results are to

and

out,

The properties af the brick areregate determired

chapter three are presented

in

table l,1,

A3,

conducted in chanter
However anly summaries of these

ke

comparisons

in

The properties

of sand and river gravel Aare =)so included inlthe tahle

for comparison purposes,

Table 4,1 « Fhysic2l provarties of acgregate,
S/No Properties T nana brick river
) E ' - aggregatel grave!
T specific gravitv 2,6A 1,08 2,620
58D
&s Julk densi-y 1650,0 973,04 1240,0
(Ke/m>)
(dry, uncompacted)
3. Bulk density 1079 .70
2
(Xg/m~)
(wet compacted)
. [|Voids ratio h, Lo
5. Absorption camac. | 1,1-3,1 12,3 J2.0-4.°
ity (%)
6. Hoi?t§r9 content |, 0,3-0,8 h.,60 |0,5-1,1
v f
s Particle shane sub=- rountded
rounded
8., Particle texture smooth A smooth| smoot?
rough & rough




PERCENTAGE PASSIN G

CUMUL ATIVE

Grading of the agpregates

three is plotted below.

he fine and coarse agreregate fal’s within zone R of the

The aggregates sieve analyvsis conducted

“itish Standard grading curves,

60

40

20

Al ,

in chanter

The conhined prading curve for

‘50 um

b T

B.S. SIVE SIZES [mm=)

Fig, 4.1 = Grading Curves,

T
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..1.2 TRESH COKCRETE

Workability l

The results of the workabilitv tests for the concrete

~ixes are as shown in table 1.2 helow.

Table L.2 - Results n€ "orkahility tests

Mix w/e slumr Degrees of
ratios ( workability

A 0.7 3 l.ow

B 0,7 L5 ,.0 Low

5 0,85 1200 high

..1.3 HARDEXZED CCNCRFTE

Density

The results of concrete densities determined At
over-dry, air=dry and caturate’ surface drv conditions

for the three concrete mixes are as shown in table h.3

relow:
Table L.3 - Densities of concrete

—— [ A
Vix Conditidn ’V9r2283density
(¥g/m”)
A 3.8.D. 2153, R%
Air=-dry 2055 ,80
Oven=-firy 1849, R?2
B S.5:D. 21¢£,9,76
Aip-drv 210,51
F'VEn—:'i rv 1 Shed 2] ] 70
€ 95D 21813 113
-‘=.1r‘-t‘.-rv 2‘““;.38
Oven=-ary 1893,49
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Compressive Strength

The averaze compressive strensth of the concrete mixes
are given in table L.4. The detailed results are tc be
‘ound in appendix I while the st=tistical analysis is in

‘wendix IV. The develooment nf compressive strength with
~e for the concrete mixes are vresented in figure L.2.

"he presults are available up to the age of 2R days,

Table L.L - Average compressive strength

vix | , e w/e | streneth
(days) ratio fN/mm?)
A 7 0,7 11,91
1L " 16.33
21 & 16,51
2R n 18,20
3 7 Nn,7 11,18
14 v 13.40
21 "’ L.91
28 " 17.74
c i 0.A% R, 22
10 " 9.13
21 " 11}72
28 » 13317
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Pig, 4.2 = Comoressive strength versus age,
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Table 4.5 = Summaries of ?%-day split tensile

strength of b

concrete mixes,

sl w/e fee “"eight of| Fajlure| split ten-
. ratio | (days) | cv)’'nder | load sile
(Ve) f¥N) streneth
2
(N/mr")
\ N.7 2R W&, Al 120,00 Y7
B 0.7 2R L5, PR 10,k 156
|
0 7.85 27 - "N6,2 1.50

Static Modulus of Elasticity

The detailed results o *his test are givern in

arpendix 171,

The mean

relationship:

|

strains were calcnlated the following

Mean strain =

Mean re=din
! Th of cylinder

eng

(o]

The averare strenpgths of taree cnbes (for each

mix) that were used 2s a guice iuring the loading of the

cylinders are given in arperdix IT1,

The summar

ies of

the stress with correspondirg strain for the concrete

mixes are 3s

Snown

in table

.7 nverleaf,



Table 4,5 = Stress and stra n saummapies

S/No. Mix Stress | Hean Strain(1x&n'“)
'oadirg Unloading

1 A 0.00 0.00 1,58

2 . 2.26 2,50 13

3 ! L.S3 .72 6,00

L o 6. 79 747 7.40

1 n 0,00 N, 00 2. 48

2 " 2.25 2 T3 S.18

3 I T <, 5R 7,32

L " £.79 _L*.?ﬁ .40

1 C 0.NO0 fﬂ,nn 3.17

2 " 1,70 | 2,80 H,R2

3 ; .40 | 2,23 f,13

L " “,06 lﬁ.pg R,.RY

Figure !}.3 shows the stress-strain graphs for the
three concrete mixes, The :zecart moduli of elasticity
at a stress »nf S0Y of the maximum apnlied ftresa were

cetermined,
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mixes were calculate

stress=strain grapks s of

The static modull

~y

reranh| for concrete 7.

ticity for the concrate

i tinr the slopes of the

07 of the maximur

arplied =tress.

Table 4,7 = Foduli

sticity (at 28 days of a-#)

S/No.| Mix| w/c I - Moduli of
ratio C rvegive elasticity
(Yfms)
e A 0.7 10609,)
2 R 0.7 7 8,487.5
3 C 0,85 14,47 66231
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l,,2 DISCUSSION

L.2,1 Brick Aggregate

As expected, brick aperecate is lirshter than normal
aggregate like river pravel, 7hi=s can be seen from the
values of svecific gravities 23 shown in table L4.1. This
reing 1,95 and 2,5 to 3.0 for brick and gravel aggregates
respectively, The absorption canacitvy of the brick aggre-
gate is about 3 to 6 times that of river gravel, Thus for
the brick aggregate use? in conrrete, there has to be some

way of dealing with this high water asorption,

The aggregate production nrnacess produces angular
agegregates, This couvnled with high absorption capacity
may hinder the production of 2 wnrkable mix with low water-
cement ratio. But with adequate zttention given to grading
of the aggresates (coarse and “inc), a workablp mix could

e obtained,

With the combined grading curve of the aggregates
shown on figure A,1, the grading is neither fine nor coarse,
This enabled the good degrees nf workahilities obtained

for the three mixes, |

L4.2.2 Fresh Concrete

Workability

The results of the workahility tests presented in
table lj,2 show that the grading of the aggregates has

teen good, This statement is made considering the fact
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that the brick aggregate’s shape and teerre are angular

and rough,

Mix A has lower slump trar , tris is probably due

to absorptinn, (see mix desien in chanter three).

4.2,3. HARDENED CONCRETE

Density
Table /.2 shows the results of "brick concrete"

densities. The density ranges from 1870 to 2183 Ke/m)
This is quite low when compared to a range of 2356 to
2563 Kg/m3 for normal concrete, The density of light
weight concrete is fﬁom L4LCO.5 Lo 1762 Kz/mg This means
that brick concrete’s density is in between that of normal
veight and lisht-weight conCWete. Thus one may say that

this concrete belongs to the medium weight groupn.

Compressive strength

The brick concre.e at tre age of 2R days has a
strength of about 18 N/mm? for a w/c ratio of 0,7 and
about 13 N/mm2 for a w/c ratio of 0,R6, This compares
favourably with the strength of normal concrete of same
w/c ratio and at the same age, These bheing 21 N/mm?
and 14 N/mm~ for 0.7 and 0.°% w/c ratios., The pattern
of failure in cubes u-der comrression shows that the
failure is by the break-down »f the aﬂEPEPBtt and mortar
as shown on plate IV, In normal concrete pf

adequate

strength, failure is mainly through the cement vpaste,
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cplit tensile strength

As with compressive stren.th, the split tensile
strength seems to be dependent tn some extent ypon the
strength of the aggregate., A strencth o 1,50{to 1.7

"/mm© was obtained for the three concrete mixes.,

The relationship between comnressive strength and
split tensile strength may be expr=ssed by the following
equation:

fect = .5/ f¢

For nomal concrete (sand ard -ravel), Winter and

elson suggested the ecuvation:
fect = 6,7/fc

The above two equations further jndicates that the
tensile strength of normal concrete is higher than that of
trick concrete. This justifies tr=: findines by Boni (10RnN)
that the tensile strength of corcrete is dependent upon

the strength of the aggregate used,

“tatic Modulus of FElasticity

The values of moduli of elasticity shown on table |,,7
are lower than those of normallrwnhrete having the same
compressive strength, The mociul:s elasticity for normal
concrete of about 20 N/nm? compressive strength is about
1.5 to 4.0 x 107 N/mmg “his value is by far greater than
irat of brick concrete, The verv small value of modulus of

elasticity is due to the low s iffness of the agpregate. The
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modulus of elasticity for brick corncrete is about

LAY lower than that of norma’ ~nncrete,
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Statistical Analysis

Statistical analysis was carried out for cube
compressive strengths at 7 anc 28 days of agel The
histograms and normal probability curves for?;‘lrl: ana-
lysed strengths are shown in figure l.4. The details
of the statistical analysis are 'o be found in appendix
1V,

The degree of control exercised during the expe-

riments can be said to be adeouate due tL the fact that

all the standard deviations ard cnefficients of varia-
tions for the various cata wer+e far below the minimum
specified., The minimum coefficient of variation required

for site condition as given by .addle (1962) is 15%,
Table L.8 shows the standard deviations and

coefficient of variations fcr the concrete mixes,

|

|
1 : MEAN = 191 N/mm'

STANDARD  DEVIATION . 0.29N|ms

l
!
|
/ |
!
I
|
[
1
I

120 \\\

1o . =
CUBE  STRENGTH '{ Njmm) '

Pigure Lh.4(a) - Histograr nnc "ormal ovrobability
curve for corcrete A (97~ days)
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l MEAN - 17.58 N/mm*
STANDARD DEVIATION: 098 h’lmm‘-

NUMBER OF RESULTS
ow

'6-30 1150 i$-10 19.90
CUBE STRENGTH N/mm*

Figure L,.4(b) - Histosrem and Norm21 probability

curve for concrete £ (28 days)

24 2|

10 g! .
¥ B & MEAN 13117 N/mm
2" | \ STANDARD DEVIATION 085 Nmil
W :
x % \
5, | \
& | \
3" l / i —\V’\l
- / \
< |

11-R0 1270 Iy 00 '5 10
CUBE STRENGTH ijm‘-

Figure h.4(c) - Histozram ond lormn) probability
curve for concrete C (28 days)
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Table L.8 - Standard deviations =ad coefficient of
Variation for the conzcrete mixes,

~/No. Age A 2 C
A ——
\..r v
1 7 0,29 | 2,42 |6,5, | L.R3 |0,67 |R.13
2 28 0.6 | 3,63 |00 | 5,8, |N.BS |6.45

h,3 CLASSIFICATION ZND USE

“rom the results of the few numler of tests conducted,
"brick aggregate" concrete has adequate strengths and thus

can be used for construction,

The density range of the "brick =gzgrecate" concrete
lies in between those of lipght-weight and rormal weight
concretes and thus may be said to re ir the ”mediuw welight"
groupn. The lightness and strenpth of *»is concrete can he
used to advantage when constructing structures in which
lightness is required. The probable hifh thermal resist-
ance of the brick aggregate concrete (due to the thprmal
resistance of bricks) could alsn he helpnful when concrete

for thermal structure is required,

Brick aggregate concrete (pending the ovtcome of
investigations into permeability, creen and shrinkage
properties) can be used where:

i. Lightness and strengtl are required;

ii. Thermal recistance,
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CHAFTFR FIVE

5.0 CONCLUSIONS AKD RFCOMMENDATTONE

£.17 CONCLUSIONS

From the results of the research :unduchd, the fol=-

lowing conclusions can be drswn:

(i)

'

(ii1)

(iv)

The brick aggregate which is =ngular in shape
has very high percent absorrntion cavacity, This

being 3 to 6 times that nf river gravel.

The specific gravity for the hrick aggrerate is
1.95 as compared to 2,5 to 3,5 for normal aggre-
gate, Thus it is liehter than normal aggregate,

Concrete made with brick acgregate has a density
range between those of normal and light-weight
aggregates, The density of hrick concrete is
between 1870 to 2183 kg/m: while for light-weight
is from L0O,5 to 1762 kg/mj and that of normal
weight ranges between 2377 t. 2663 kg/m? ™us,
brick concrete belongs to the medium density

group.

The compressive strengths nf the brick concrete
compares favourably with that of normal concrete
at the same age and with similar water-chent
ratios. At the age of 27 days, the strengths
are 18 N/mm2 and 13 N/mm  for w/c ratios of 0.7
and 0,85 respectively. "or normal concrdte at

the same age, strengths are 27 N/mm2 and 1hN/mm?
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‘or w/c ratios of 0,7 an: 0,86 pesvectively,

(v)

(vi)

(vii)

The tensile strensth as determired by the cvlirder
splitting method at the ave of 2P davs is between

Lo ]
1.50 \i/mm2 to 1.7 N/mm. This ie between 1
ath to

1
T}‘th of the compressive strength as compared to a

f
range of %th i T;-th “or rormal concrete (as given

Elvery K.,H. : 1663),

The modulus of elasticity of brick concrete is lower
than that of normal concrete of the same compressive
strength., It is about LAY lower than that of normal

concrete,

From the limited number of tests caTried ont under
laboratory conditions for period of lup to 2R davs,
it would appear that the brick aggregate vperforms

satisfactorily as a coarse acpgrerate in concrete,
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Sal RECOMMENDATION®

(i) as the properties of bricks are quite variable,
thorough investig=tion should be conducted before

bricks from a varticular snurce can be used for
1

brick conerete,

(i1) Brick concrete should bhe sed for minor concrete
constriiction pendine the outcome of further inves-

tigations on creep and shrinkage properties.

(ii1) Test should also be carried out on the $oncrete's
anchorage bond strength, shear and flexural streng-
ths and certified adeaqu=zte refore used for reinforced

concrete construction.
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Detailed Result of the Ultim:te Crushing

APPENDIX 1

Strength of Cubes

Rg,

Table 6.1 - 7-day ultimate crushing strength of cubes
(Mix 1:234, Ww/c = 0.7)
TN o L R e
(days) | (KN) (N /mm?)

1 A3 10-9-87 y 17-9-87 7 273 12,13
2 " " 7.2 " " 270 12.00
3 " " 7.4 i " 275 12,22
N " " 7.2 " " 273 12,13
5 " " T2 ? . 273 12.13
6 . . 7.4 ’ " 25k 11,29
7 " " 7.3 . . 273 12.13
8 ” . 7.3 " » 260 11.56
Q " " 7.4 : * 275 12,22
10 w . T2 " " 275 12.22
11 . . 7.2 " " 260 11.56
12 " " 7.2 i » 265 11.78
13 " " 7.3 " . 260 11.56
g1 . » 7.3 o " 273 12.13
15 " o 7.3 L » 273 12.13
16 " . 7.3 " " 273 12.13
17 " . 7.4 " v 273 12.13
18 " . 7.4 " o © 256 11.38
19 " " 7.4 " " 260 11.56
20 " » y Y- " " 273 12:13
21 w . 7.2 " " 262 1.64
22 " " Tl " " 273 12.13
23 " " 7.2 " » 262 11.64L
24 " " 7:3 " " 268 11.91
25 " . T3 " . 26l 11,73
26 " " T2 " " 26l 11.73
27 " . 7.2 " " 273 12.13
24 " " Tl " " 275 12,22
29 " " v P " " 275 12.22
30 » . T.2 . " 260 11,56




Table

RA

5,2 = 1y-day Ultimate Crushineg strength of cubes

(Mix 1:2:4, w/c 0.7)

S/Mo.] Fark Date o Weight of Test Age at) Failure Cube
Cast Cube (Kg) | Date test load Str.,
(days)| (XN) (N/mm®)
1 A2 9/9/87 7.2 23-9-87| 14 366 16.27
2 " " y " " 36l 16,18
3 " . 7.3 " . 370 16,044
L » " 7.3 ! " 373 16,58
5 . - 7.4 . - 360 16,00
6 » " 7.2 " " 372 16.53
7 " . 7.3 ! . 373 16.54
8 " " T3 . " 37L 16,62
9 " " 7.3 " " 36l 16,18
' ' ) 7.3 ; no ] 388 | 15,9
Table 6,3 = 21-day Ultimate Crus!ing Strength of Cubes
(Mix 1:2:4, w/c = 0,7)
5 A2 9-9-87 7.3 30-0-87| 21 l 395 17.56
2 " » Tl " o ' 372 16.53
3 ¥ . Tehy . " | 365 16,22
L " " 7.4 " n 382 16.98
5 . . T3 N o 368 16,36
6 " v T.4 . " 365 16,22
7 . " 7.2 " " 368 16.36
o) " " 7.3 " " 368 16.36
9 " " Tl " " 365 16,22
h? " " 7.2 " ) » 367 16.31
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Table 6,4 - 28-day Ultimate Crushing strength of Cubes
(Mix 1:2:4, w/c = C,7)
TR EON B  EH A L S
4 - (days) | (KN) | (N/mm®)
1 | A1 8/9/87 7:2 | 7/1C/87] 28 420 18,67
2 é » " 7.2 " " " 316 18,49
¥ f ® o 7.4 | | b2l | .By
o . 7.3 j " iL20 | 18.67
= " " 7.4 | " t p12 18,31
6 " " ; 7.4 ! ' " 392 17.42
7 ’ " | 7.4 S 420 | 18.67
B | » - S X | = § " 400 | 17.78
9 " " ! 7.4 " foom L28 19.C2
10 o v 74 " " L28 19.02
1 . . 7.4 " " Koo 17.78
12 " " 7.4 " " Lo8 18413
13 . v 7.3 . " 400 17.75
1 " n 7.3 " " 312 18.31
15 " . Tl " " L16 18.45
16 ¢ " 7.4 . " y12 18,31
U " 7.0 o " U8 | 15.47
LI " 7oy " . hoo | 17.78
19 " " 7.4 . " 420 18.67
20 " " 7.0 b " 1406 18.0L
21 . " 7.4 L " 420 18.67
22 " " 7.4 " " 14,06 18.04
23 5 " 7.3 " " L2y N
21y " " 7«3 " . 106 18.04
25 " " 7.1 " " 302 17.84
26 " " 7.0 " 423 18,80
27 " » 7.4 » " B16 18.49
28 " " 7.4 " " 116 18.49
29 | " " 7.4 . " w8 | 85K
30 " . 7.4 " " P1o 18,22
|
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Table 6,5 = 7-day Ultime e Crushirne Strength of Cubes
(Mix 1:2:4, w/c = G.7)
s/NOJ rark “Date of | Welght of""f%st /ge at | Fallure | Cube
* cast Cube (Kg) Date |test load strength

(days) | (KN) (ijm?l

1 B3 11-9-87 T:2 18-9-87 7 266 11.82
2 " " 7.2 " b 2l 10.67
3 ! " 7.2 " ! » 25 11.20
ho| " 7.3 N 23 10.58
5 " " 7.2 " [ . 240 10,67
6 | " 7.2 ol 265 | 11.78
7 | " 7.2 oo e lou8 | 11.02
8 " » .2 u Lo 272 12,09
9 " " 7.2 " | " 250 1.1
10 " " 7.3 " ? " 250 b 11,11
11 " n 7.2 " " [ 248 11.02
12 " " 7.2 " no 1245 10.8¢
13 " . 7.l " " 245 10.8¢
1 L " 7.4 g " 248 11,02
15 " » T:3 " " 28l 12,62
16 L " 2.3 " 260 11.56
17 " " 7.3 " . 250 1.1
18 " " 7.2 " . 245 10.89
19 L " 7.2 U " 260 11.56
20 Y " 7.2 " " 250 1.1
21 " n 7.2 " " 2u8 11.02
22 " " 7.2 n " 220 9.78
23 " n .2 " " 2Ln 10.84
L g 7.2 . " a4 10.8¢2
25 " " Tl " " 245 10.89
26 " » 7.2 " " 248 11.02
27 " " 7.2 L " 245 10.8%
28 " " 7.2 " " 262 11.64
29 | ® " T2 . 0 26l 11.73
30 " n 7.3 n " 268 11.91
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Tavle C.,6 = 14-day Ultimate Crusnirn, Strength of Cubes

(Mix 1:2:l4, w/c = 0.7)

F5/No. | Fark Date of | Welght of | Test Tge at| fallure Cube
l N Cast Cube (Xg) | Date test l load strength
(days)| (KN) (N/mm=)
1 sz [ 12/9/87 7.2 [25/9/77 | 1 | 310 13,78
2 | . 7.2 X 0 » 30U 13.51
3 g " " 2.3 " 1 " 280 i 12,44
oo . 2 S 11.29
S . . 7.3 " Lo 318 .12
6 ’ " 7.3 : ¢ " 304 13.51
7o " 7.2 no 320 .22
EEE " 7.2 .. 305 | 13.56
S . " 7.2 ’ ' ! 318 | 1L.13
10 | " 7.2 w | 302 | 13.42

Table 6,7 - 21-day Ultimate Crushing Strength of Cubes
(Mix 1:2:4, w/c = 0,7)

1 B2 12/9/87 7.4 30/10/87 ) 21 3l 15.11
2 " " Tk " " 32 104.40
3 " . 7.2 " " 328 14.58
L " . 7.L " " 328 1.58
5 " - Te3 » " 328 14.50
6 " " 7.2 " " 340 15.11
7 8 " T2 . . 358 15.91
8. |* " 7.2 " " 326 14.49
9 " . 7ol . " 338 15,02
10 | " 7.3 ! ! ! 344 15.29
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Table 6,8 - 28-day Ultimate Crusting Strength of Cubes
(Mix 1:2:4, w/c = 0.7)

Vark |D8te of Welght of Tes® |Fge at| Fallure “Cube
cast cube (Kg)| Nate test load Strenyth
(da{;) (KN) (N/mm™)
B1  [10/9/87 7.2 po1c-R71 28| | W0 19, €
" " 7.3 " " 380 16.89
. " 7.3 | " | ol | 17.96
" " 23 | ™ " 368 16.30
" " 7.4 " " 380 16.8¢
" " 7.5 | » " Nola 18.13
" ' 7.4 ) » L'» 1,08 18.13
n " 73 " 400 17,78
" " 7.3 " " 380 16,89
" " 7.3 " " 1420 18,67
" " 7.3 " " 38 17.07
n " 7.3 " " 38l 17,07 |
" " 7.4 " " 380 16.90 |
" " T4 " " 368 16.36 |
" " 7.3 " " 1420 18,67
" " 7.4 " " 1320 18,67
" " 7.3 " " 380 16.89 |
" " 5 Ly " 136 19.38 |
" " T3 r v 400 17.78 |
n " 7.5 " " 400 17.78
n " 7. " " 1420 18,67
" " 7.3 " " 400 17.78
" " 7.3 " " 120 18,67
" " 7.4 z " 388 17.21
" " 7.5 " " 44O 19,56
" " T4 " " 1420 18,67
" " 7.3 " " 384 17.07
" " 7.3 ' . 38l 17.07
" " 7.2 " " 380 16.89
" " 2.3 " " 380 16,89




Table 6,9 - 7-day Ultimale Crusiing Strength of Cubes

Q1

(Mix 1:2:l4, w/c = CLOE)
s/No.[vark Jooce ©F | otehe ol [oute |oee| Toma | streneed
eyl () (/) |
1 c3  |[15/9/87 7.4 /587 7 185 | 8.22 |
- " " 7.1 " " 195 l 8.67 '.
3 " " 7.4 " " 192 8.53
" " 7.2 " " 180 , 8,00 |
" " o4 " 165 7.33 |
¢ n " 7.2 d " 192 8.53 1
v ' ' 7.2 " 192 8.53 |
i . . 7.4 " 198 8.80 |
° " " 71 " " 106 8.71 |
10 . " 7.5 " " 1E5 8.67 |
11 n " 1.2 " " 168 7.47 |
12 " " 7.2 " " 170 7.56
13 " " 7.3 . " 170 7.56
14 " " 7.3 " " 208 9.2} .
15 " " 7.3 " 185 8.22
15 " " 7.4 " " 170 7.56
17 " " 7.2 " " 186 8.27
18 " " T2 " " 168 7.47
19 " n 7.2 " L 200 8.89
20 " " 7.3 " " 196 B.71
21 " " T2 " " 206 9.16
22 " " Te2 ; " 172 7.6)
23 " " 7.2 " 1,8 6.58
21 - . 7.4 " 156 6.93
2% " " y % " " 202 8.98
26 " " 7. " " 178 7.91
27 " " 7.4 o " 188 8.36
28 " " 2 " " 196 8.71
20 " " Tk " " 200 8.89
30 " " 7.3 " " 194 8.62
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“2tle $£,10 = 1h-day Ultimate Crushirs Strensth of Cubes

(Mix 1.2:0:, w/z = 0.85)

s, T o Date of | Weiesnt of | 1est  pge ai| Failure | oube |
/v | Fark Cast Cube {?sj! Uate bos * lqad ?trwvlfﬁ
1 B fdays)] (EN) (N/T“Cl_

c2 1L/c/87 71 12€/2/87 | 1) 21} 9.5%

8 " 7.2 | m w | 208 9.2

" " 7.2 " " 216 Q,60

" " 741 2 e 200 8,89

bon n Zad z n | 208 9,2,

[ " 7.1 o no | 212 .12

| o " 7.1 oo | 196 | 8.71

i " " T2 " n 188 | 8.36
| o n 7.4 " « lo1s | .6 ;
f " " 7.2 " " 200 i a.0c i

Table 6,11 = 21~day Ultiiate Trushing Strength of Cubes
(Mix 1:2:!, w/c = 0.78)

Ny =

W

PR

n

c2 /9/87 % =/10/871 21 270 12.00
" " 73 " " 2 11.56
" " T2 . " ztg 11.64
= @ 7.1 " n 258 1147
" " ) . " 278 12,36
" " T3 4 " 280 12,14
" " 7.1 ' " 266 11,82
! ! 71 ) ! 250 11.19
* " 7.2 “ ’ 26l 11.73
" " 7.1 " “l 21,8 11,02




Q1,
Table 6,12 =« 28«day Ultisate Crushing strength of Cubes

(Mix 1:2:4, w/c = C.iF)

S/l6. Date of |weisht of | "est  [ige at[ Fallurg Cube
mark| Cast Cube (Kg) [ Dete test | load streny
4” _ (day%} (¥N) {H/m".
c1 | 13/9/87 y e 19790707 | 28 300
" " 7.4 " " 300
" " X " 296 i
i . " 7.2 * " 28
" " 7 " v 256
" . 7ol - n 256 ;
| " " o3 " i 302 ;
¢ " d T | " 302 :
3 " " 7.4 . ' 264 f
10 " " 7.4 " * 302 )
11 n " 743 n " 300 13,13 |
2 " " 7.3 " " 300
13 | » 7.4 " " 286
W " " ) " " 300 13.13
18 " " 7.2 ' " 260
1€ " " 7.2 " " 26l
17 " . 7.2 " " 320 10,22
97 " " 7.4 " g 28,
18 " " 7.2 g L 260 1.
: " 7.2 288
21 " n Tad . g 258
22 " " 742 " " 308
27 " " 7.2 v i 300
2l n " 7. " " 316
: " " 7.4 . " 328
26 " . 7.2 " " 32),
o7 | . 7.2 " " 342
28 " " 7.3 " " | 300 13.13
2% . » 7.3 " " 302
0 | " 7.4 ’ g pe 13.60




APPEIIDIA 11 al,

Detailed results of the cylincer scelit test

Teble £,13 -« 28-day split tensile strength

/1< | rark | Date of Welgnt of Te?T—'TﬁEe aff w/c | Failure TensTle
i S Cast c¥11nder dote Itest ratip load PR,
Kg) | (days) (KN) e
. (M/mm™)
A 11/10/87] 45.80 1c/11/87 128 | 0.7 | 120 1.70
2 ! n " us. 2, " " n 120 1 .n(q._
3 o " 45.79 L " " 122 | 1.73
I I i " hg.ﬂg " " f 125 477
E " " u5.8“ n n " 120 1.70
B 12/10/87 ns,.n0 10/11/°7 | 28 0.7 10R 1.83
" " L5.89 " " w1110 1,56
3 " » b5.75 . : . 110 1,5€
" " LI»';-S"’ n 1 1] 105 1 .uc
i " I;S.Bh " n " 11h 1.p1
B 13/10/87| Uus5.8, phco/11/°7 |28 | 0,85 100 1.41
" " g.ﬂp " " " 10"_‘, 1 .11‘3
H " h5.70 ! " Ll 110 1-¢r
" n hg.?ﬂ " " " 110 1,66
.o " 45,5 " " " | 106 1.5¢
- -

AFPENDIX IT1
Ueteriled results of the static modulus of elasticity determination

Table 6.1, - #Average cube crushing strength of the concrete

TR | G |G| e
(N/mm
A 7.4 28 W60 16,00
B 7.4 28 N 16.00 '
C 7.2 28 glgte) 13,33
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Table 6,15 = Test RKeadi: ‘s “or tatic Nodulus of
Elasticity Jeteriination.
(3pecimens - cyli; ‘ers, mix 1:2:4, w/c = 0.7

e :"l( 'E"i\.':;_l

_ Mark
rﬁj}"O.l Load Stress ‘i;;;ings (2 x 10'3mm}
(¥N) (E[mm?} losding ' Unloading
1 0.00 0.0C 0,00 ' £0.00
| Lo.oo 2,26 "0 | 110.00
8 80,00 k.53 1,0 \ 176.00
! 120.00 6.79 220 220
o 0.00 0.00 20,00 41.00
40,00 2,26 70,00 108.00
7 80.00 4.53 136 166.00
8 120.00 6.79 210 212.00
0,00 0.00 20 50.00
19 10,00 2.26 e 130.00
11 80,00 .53 50 162,00
12 120,00 6,79 2n0 228,00
13 0,00 0.00 20 L8
14,0,00 2.26 70 148
1€ 80.00 L.53 14 186
14 120,00 €.79 2¢ 228
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Table 6,16 Test readings rfor st:tic modulus of Elasticity
determination.
(Specimens - cylinders, mix 1:2:4, w/c = 0.7
Age 20 davs)
MARK R
/No. %g;? %ﬁ?;;s) Readirgs (2 x 10™> mm)
loadirg Unloading
1 0.00 0.00 FP 50,00
? 10.00 2,26 i 7F 128,00
3| 80.00 L.53 i 10 184 .00 i
L | 120,00 6.79 | cEd 230.00
0.00 0.00 2 68 .00
40 2.26 ey 151,00
71 8o L.53 17C 220
71120 €.79 e 272
¢ 0.00 0.00 20 100
1C Lo 2.26 e 210
1 | 80 .53 162 280
12 1120 6.79 L0 360
13 0.00 C.00 20 76
1L | 40.00 2,26 78 130
17 | 80.00 .53 160 oL
16 | 120.00 6.79 2Pl E66
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Table 6.17 - Test readinzs Jor static modulus of
Elasticity deter ination.

(Specimens-cylinders, «ix 1:2:l, We =4.9V Age 28 days)

Mark E
5/No. I(ﬁ;ﬁ% ?:;ees) S dings (2x10™mm)
i/mn ) To:aing Unloading
1 0.00 6.00 l 20 60
> [o.oo | 1.70 b e 1 o
| 3 [60.00 | 3.0 L | 2o
L 190,00 | 5.0% ! 24l 250
! I
5 | 0.00 0,00 20 136
€ 130,00 170 on | 260
7 |6c.00 340 156 {332
£ |90 5.09 70 | 300
S 0.00 0.00 20 104
10 | 30.00 1,70 o 180
11 | 60.00 3.L0 13€ 240
12 | 90.00 5.09 €2 272
i
13 0.00 0.00 20 80
1, | 30.00 1,70 s 238
15 | 60.0C 3.40 L€ 200
1€ | 90.00 £.09 220 240
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aR

- Stress with 1Yeé corresponding strain.,

r" J Fean readirve [Fearn Strain '
EE{'U.; I Stress (?x“?"::uj Wi o 10-h) k
L__ _i_ LOHJiﬁI U[};;élgg loading | Unloading
E | f 0.00 20,00 h5.2F i Nn.00 1,58
i | ® 2.6 { 75.00 |1zl.0c 250 | k.13
|3 | n 4.53 1,50 | 18C.0C .72 6.00
B Com 6.79 |224.00 |227.cc L 7.47 7.40
| | |
1, B 0.00 | 20,00 | 73.70 | G.00 2.45 |
2 i " 2,26 | 82.50 |1ec.re | 2,75 ERL
3 . 4.53 167.580 | 21,50 ' 5.50 7.32 :
4 " 6.79 280,57 | 282,nC 9:35 9.40 {
| .
1 c 0,00 20,07 CE,LCO 0.00 3.17 !
7 " 1.70 84.70 | 2CL,.50 2.80 6.82 g
2 " 3.40 157.00 | 2hL, . Ge3 £.13 i
N . 5,09, | 276.%0 | 267 .¢ 9.23 8.85 J
|
" l




Qa
APPENDTX Lv

|

“tatistical Analysis of Results

Statistical analysiz of the rosults were carried out

in order to assess the quality corirnl exercised, The

enalysis was only conducted for *¥r resulis of 7 and
Feday ultimate crushing strengtn ~f cubes, O0Other results
were not considered due to the 7ouw rumter of specimens
involved, The histogram and normal orobahility curves

for the analysis are given in charter four,

The statistical values calcnlated are:-

n = number of specimens
X = sum of individual strength
X = mean strength

- standesrd deviation #~¢

v = coefficiert of variation (V = -——éSL-—— X 100¢7)
X

Table £.,16 - Statistical analysis for 7-day
corrressive stre-sth (specimen A1)

x = 357.43 N/mm°
- 11,91 N/mm?

=



