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ABSTRACT

The thess is essentidly a comparative investigation between using Ordinary Portland
Cement (OPC) and an admixture (blended cement of Portland cement (OPC) and Powdered
Burnt Brick (PBB). It was directed at ascertaining the suitability or otherwise of the blended
cement for use in the production of sandcrete blocks as OPC is used.

Three sets of trid mixes of varied composition were produced to determine
parameters like optimum water/cement ratio, optimum percentage replacement by weight of
the OPC by the PBB It was dso used to determine the effect of varying the
aggregates/cement ratio. A number of other tests carried out to ascertain properties of
specimens produced are as follows.

Compressive strength determined for various ages ranging between 3 days and 90
days were found to be generdly high. For instance the 28th day strength of specimens for
amix of 16 gave a srength of not less than 87% of the 0% replacement when the OPC was
replaced by 20% PBB.

Sdlit tengle strength, obtained varied between 8 - 11% of the compressive strength
of the same mix ratio a 28 days Mixes with the FEB have higher tensile values than those
without.

The setting time test revealed that mixes with 0% replacement have bigger initid
Setting times than those with 10% and 20% replacement  But the former have smdler - find
Setting time than the latter.

Since the optimum percentage replacement of the OPC by the PBB is only 20, the cost
saving might be amdl but other advantages like low heat of hydration, high tensile strengths,
pride of an additional loca material that can be used abound.

It was observed that mortar mixes with 20% replacement of OPC by PBB mixes
developed strengths that compared favourably with the mortar mixes with 0%replacement.
The gpplication of the former in mortars was aso recommended in line with the present use
of the later.
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CHAPTER ONE  BASHIM IRRAHIM LIBRA.

INTRODUCTION

I 1 Background

Shelter remams man's second maost important need even when he is not aware of it so
(National Housing Policy. Feb., 1991) The prevailing economic situation makes meeting this
need for all quite difficult especially in the near future as cost of building matenals keep
soaring This situation is foreing the Government. corporate bodies and individuals to explore.
among other things. possible local building materials that can be used either as they occur or
to be improved upon before usage In general, local building matenals are often readily
available as against most of the conventional types in use - Where the former are found to be
suitable. there could be a considerable cost saving  These efforts have led to the findings that
our locally produced Rice Husk Ash (RHA) and Pulverised Fuel Ash (PFA) work effectively
in conjunction with ordinary portland cement (OPC') as blended cement (pozzolanic cement)
(Alimi. 1989 Audu. 1992 respectively). Many other local materials have been ascertained
suttable tor construction purposes like Palm kernel shells as aggregates’(Nuhu-Koko. 1988),
Pertwinkle Shells as lightweights aggregates (Bukata. 1989)

With the abundance of clay all over our country, a topic such as above becomes very relevant
The many clay product factories all over Nigeria with much waste of the burnt products. as
it is often the case in these factories, even makes a study of this sort imperative. Though
Powdered Burnt Bricks (PBB) has been in use in countries like India and Italy, it is necessary
to ascertain that the Nigenan type can be used and its degree of suitability in meeting standard
requirements. Where it has been tound suitable, it 1s bemg used in conjunction with OPC to
form blended cement  If found 1o be suitable it will no doubt reduce cost due to its

abundance and add to the alternatives available thereby reducing the pressure on cement



I'he later accounts for a substantial chunk of any construction cost as much of it has
to be used despite its high and increasing cost(Ananvmous,89) It ‘will also enable clay
product manutacturers earn monev from their waste

Essentially, this research work mvestigated the suitability of locally produced PBB for
use with OPC for sandcrete block production and its compressive strength, split tensile

strength and setting time values were compared with the standard values

2 Aim of Research
The research work was aumed at investigating the suttabtlity of powdered burnt brick
(PBB) obtamed from the Kaduna Brick Factory as a pozzolan tor the production of sandcrete

hlocks when used as a blended cement

1.3 Objectives

The objectives of this rescarch work were as follows -

(1) to investigate the suitability of burnt clav (brick) as a pozzolan,

(11) to identify an optimum replacement percentage of the cement (OPC) by the
pozzolan (PBB) tor mortar

(i) to deternmine effects of the pozzolan on the properties of mortar both in its
fresh and hardened stages

(iv) 1o determine the effect of the pozzolan on the setting time of the blended

cement

| 4 Justification of the Research
A number of countries have worked on burnt clavs as a pozzolan but results obtained
cannot be universally applied in countries other than the one in which such a research might

have been carried out



This 1s because variations abound in the composition of the clays from difterent
climatic conditions and sometimes even within the same climatic regions there could be
vartations. It is likely. therefore. that results to be obtained will not be the same with those
already obtamed in other countries  This uncertainty justifies the research

I'he need to know for certain the performance of the burnt clays found in Nigeria
cannot be over-emphasised. This is particularly true since generalisation in scientific works
can be very dangerous or lead 10 wastage as the case might be.

Obtaming suitable results trom this research works might imply cost saving on binding

material and less pressure on OPC. moreso that clav is in abundance in Nigeria

S Scope and Limitations

All tests carmed out were hmited to physical tests to determine physical properties of
the powdered burnt bricks. the mortar mixes and specimens made from the various mixes
Chemical tests on the powder were not carried out due to cost, non availability of necessary
equipment and tune factor

Specimens were tested for a maximum period of 90 days. The long period was to
enable a proper assessment of properties to be carried out as pozzolans generally perform
better with age  Specimens to be used shall be of standard size cubes of 70mm x 70mm
70mm (Orchard. 1962) Few full size sanderete blocks(230mmx 230mmx 450mm) were
made to correlate results with those obtained from cubes

All burnt bricks used were obtained from the Kaduna Clay Product Factory, Kaduna.

along Kachia Road. Nigeria

0O Methodology
In conducting this research. relevant literature on the subject matter were reviewed
Bumnt bricks were crushed into powder of required fineness using a mechanical machine A
number of tests were carried out on the powder like fineness, specific gravity, bulk density

and setting time



Trial tests were conducted to determine  optimum values of water/cement ratio.
percentage replacement of OPC by the PBB and eftect(s) of size distribution variation on
strength. Using the results of the trial tests specimens were made and their properties
mvestigated  Specimens made with 100% OPC (0% replacement) as binding material were
used as reference samples or basis of comparison

[ests carned out on fresh and hardened mortar of various mixes include slump test.
compressive strength and spht tenstle tests. Ages ol compressive tests were 3, 7, 14, 28 and
90 days while that of the tensile test was 28 days

All tests were carried out under normal room temperature in.the laboratory of the
Department of Building, Ahmadu Bello University, Zaria Specimens were covered with wet
sacks for the first 24hours. There after the specimens were demoulded and cured in a tank
kept in the laboratory up to the time appropriate test were carried out on the them.

Results obtained were analysed and conclusions and recommendations drawn

appropriately



CHAPTER TWO

REVIEW OF LITERATURE

2.1 Background

Over the years. a lot of materials of various forms have been thought ot and many
tried for construction purpases  In the early times the method of trial and error was used to
test their suitability or otherwise  Now, however. scientific methods are being used  These
are found to give more reliable results at lesser cost and risk. Through these processes, a lot
of materials have been ascertamed suitable for construction though to varying degrees. A
number of these matenals can be used directly for construction as naturally as they occur like
timber. grasses. stones  Others have to be processed or have their individual parts held
together by another material  Others still are used to hold others together like mineral or
non-mineral binding agents, adhesives, nails - Sometimes it is a combination of the different
processes and types as appropriate  This work shall be looking more into the last category

Mineral binding agents are fine powders that are capable of producing a plastic pasty
mass on mixing with water and passing mto a stone when exposed to physical and chemical
action, (Komar, 1973)  Thus property makes mineral binders very suitable for the preparation
of mortars and concrete

[he use of binding matenials is very old. One ot the first binders that was put into use
by mani 1s unburmnt clay - As early as 3000 BC. stronger binders had been obtained artificially
by burning some substances. Gypsum and lime were among the first in this group Much
later stronger and water resistant binders were obtaied by adding crushed burnt brick to air-
setting lime

The walls of Sophiysky Cathedral in Kiev. Russia, were laid on lime with addition of
crushed burnt brick m the 11th century - Other mineral binders that followed were hydraulic

lime. Roman cement and Portland cement among others, (Komar, 1973)
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Though quite a number of mineral binders have been found. very few are being
effectively used today in the construction industry — This could be attributed to the low
avatlability of some. leading to ligh cost of fimshed products. For others their effectiveness
is low so that with better substitutes around sometimes at about the same cost, they are
abandoned or hardly used

Some materials sometimes used as binding materials in themselves, they possess no
binding ability but they do when theyv are combimmed with other materials especially lime
These materials are called POZZOLANS. Examples of these materials include fly ash,
diatomite. powdered burnt brick (clav), blastturnace slag. The availability of these materials
varies from place to place, so do their quality winch determnes their effectiveness or
reactivity  In general. though the reactivity of pozzolan is on the low side, other advantages
they possess encourage their usage especially where thev oceur in abundance. This research
is focussed on pozzolan with particular emphasis on powdered burnt brick (PBB)

Mineral binders are classified into Air-setting and hydraulic-setting varieties. The
former are substances that pass into a stone state gaimng or retaining mechameal strength in
the ar only € g gypsum, magnesiim binding materials The hvdraulic-setting are substances
that pass mto the stone state not only in the air but also in water e.g. Portland cement.
Pozzolame binding matenals

Hydraulic binding materials consist mainly of silicates and aluminates of lime and can

be classitied broadly as natural cements, Portland cements and high-alumina cements

[ 2% ]
2

Pozzolans
Pozzolans were defined by the American Society of Testing Materials (ASTM)

specitication C 618 <78 as

“materials that have siliceous or siliceous-aluminous contents which

i themselves possess little or no cementitious value, but will in finely
divided form and in the presence of moisture chemically react with cal-
cium hydroxide at ordimary temperature to form compounds possessing
cementitious properties "



The name pozzolan is denved from the name of a town Pozzuoli in Italy where Mount
Vesuvius is located 1t was from this mountain that Volcanic ash was found and used by the
Romans for the construction of their structures (Waddell, 1962)  Volcanic ash is usually
referred to as the first natural or simply original pozzolan to be used for construction The
most commonly used. however. 1s the fly ash probably due to its availability

A number of matenals have been tested and tound to be suitable as pozzolans though
their etfectiveness varies from one material to the other. The variation is due to various
reasons as shall be seen later Most of the matenials are bye-products of agricultural and
industrial processes. They are often produced in large quantities constituting a waste problem
if they remam un-used  This aspect alone would justify increased use of these matertals even
if there were no other benefits

Whenever pozzolans are used in concrete or mortar, as it is often the case. they are
either for partial replacement or as an addition to the cement. When pozzolans are to be used
for partial replacement for cement. the pozzolan and the cement are batched separately
before mixing with other ingredients i the mixer

The binding property the pozzolans acquires when mixed with cement is as result of
a chemical reaction of the amorphous silica and/or alumina content of the pozzolan and
calcium hydroxide  The latter 1s a product of the hyvdration of cement which if not reduced
could lead to fast deterioration of the conerete or mortar when exposed to injurious

chemicals

22 1 Classification of Pozzolans

Different types of pozzolans exist and of these there could be varieties. For a better
and easier understanding. pozzolans have been classified into groups.  The basis of this
classification is often occurrence  They are classified into natural and artificial pozzolans

Natural pozzolans are those used as they oceur naturally except that they are ground
to at least cement fineness  They are turther subdivided into volcanic and sedimentary
pozzolans — Artificial pozzolans. on the other hand. are often industrial or agricultural
processes byve-products. Some are burnt or calemed av high temperatures to bring them to

their active stage  (Table 2.1)



In seneral, pozzolans. whether natural or artificial are usually ground to their
amorphous form as the crystalline type especially the active silica in the pozzolan has low
activity - Alumina and iron_ if present in the admixture. like silica are also active, (OCHARD,

.

1962), though their reactions are said to be very complex

Table 2.1 Classification of Pozzolans

NATURAL POZZOLANS ARTIFICIAL POZZOLANS
VOLCANIC SEDIMENTARY |
Volcanic ash Diatomites Granulated blast-furnace slag |
Puintce Topal | Flv Ash
I'rasses Opoka Rice Husk
Vitrophyres Shales _ Burnt Clays .

Source: Conerete Technology and Practice bv W.H. Taylor. (1977)
222 Chemical Compositions of Pozzolans
The composition varies from one pozzolan to the other and even with the same type
of pozzolans but obtamed from different locations  Sometimes, still, variation could occur
with pozzolans obtained trom the same location but produced at ditferent times or conditions
In general. composition of pozzolans depends on the raw/parent material from which it is

produced. the lacation of the material and the conditions under which it is produced.
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The major constituents of any pozzolan are silicon dioxide (SO, ), aluminium oxide
(ALO,) and iron oxide (Fe,0;). These together often constitute at least 70% of the pozzolan

as stated by the ASTM requirements It is believed that most of the major characteristic
properties of pozzolans are determined by these major constituents. It has also been
discovered that these three are all active in the chemical reaction with the calcium hydroxide
to torm the cementitious compounds.  In addition. the iron gives most pozzolans the grey or
brown colour  In a typical American pozzolanic cement. these major constituents of the
pozzolan account for only 25 - 45% averagely. (Orchard, 1962). Other constituents of
typical pozzolans include small quantities of calctum oxide, magnesium oxide (Table 2 3)
Fable 2 2 Physical Requirements for Pozzolans according to the American Society for
Testung Materials (ASTM) Cols - 78

— —

Standard Requirement
in Percentage (%o)

PROPERTY

Dryving Shrinkage (Maximum percentage) ' 0.15
Water Requirement (Maximum percentage of Control) 115.00
Loss of Tgnition (Maximum percentage) 12,00

Increase in Drying Shrinkage of Portland Pozzolanic
Cement Mortar bars at 28 days (Maximum percentaue)

0.03

Water Soluble Fraction (Maximum percentage) 5 10.00
Fineness: amount retained when wet sieved i

1) No 300 Sieve (Maximum percentage) 2.00

i) No 200 Sieve (Maximum percentage) ' 30.00

Pozzolame Activity Index + Portland Cement at 28 days

(Minimum percentage of Control) -_ © 75.00




1

Table 2 3 Chemical composition for Pozzolans according to the A

Testing Materials (ASTM) Co81 - 78

CONSTITUENTS Standard Requirement

in Percentage (%)

S1I0, + ALO, + Fei,  (Min percentage) 70 00

Magnesium Oxide (MgQ) Maximum percentage) 500
Loss of lgnition (Maxunum percentage) . 12 00

2.3 Properties of Pozzolans and their cement

The action and properties of pozzolans ditter widely and their efficacy in any
particular circumstance can be determined only be careful tests, (Orchard, 1962)

A pozzolanic cement or blended cement as sometimes called, is a hydraulic cementing
material obtamed by combining fine grinding of clinker (cement) and an active mineral
admixture (pozzolan) or by thoroughly mixing the same materials having been separately
cround. (Taylor, 1977)  Generallyv. the quantity of the admixtures added is usually between
15 < 40% by weight of the cement  The admixture - to - clinker ratio depends on the
activity of the former and the mineralogical composition of the latter.  Taylor (1977)
discovered that the ereater the actvity of the admixture, the greater its capacity to bind the

calcium oxide hydrate but the lower its amount in the pozzolanic cement and vice versa

Properties of pozzolans include among others the following:
231 Fineness

The BSI2 1978 cives the mimimum specific surface area of pozzolans as 2500 sq.cm/g
which 1s gquite close to that of ordinary Portland cement of 2250 sq.cm/g. Powdered burnt

clay called sukhi in India. gotten from Amritsar was found to have a specific surface area of



3246 s em/e (Uppal et al, 1964)  Using the less accurate method, fineness retained on the
90-UIm (No. 170 ASTM) test sieve is determined and the maximum residue is limited to 10%
by weight

his property 1s important because fineness enhances the reactivity of pozzolans. It
has been tound that the amorphous pozzolans are more reactive than the crystalline

This 1s so because. the finer the pozzolan, the greater the area available for reaction
and hence the higher the strength of the mixture, (Uppal et al, 1964)

232 Hydration

It 1s a chemical reaction between the cementitious matenal and water. 1t 1s preceded
by the setting of the cement  The latter is the disappearance of plasticity or stiffening of
cement paste which begins when water 1s added to the cement. Setting time depends on the
cement tvpe and environmental factors A pozzolanmic cement with fly ash as the admixture
from BOKARO in India was found to have initial setting time of 188 min. and final setting
time of 2935 punutes (Rehsi & Garg, 1963) '

Pozzolanc cements are characterised by smaller strength gain during the early periods
of hardening as compared to ordinary Portland cement There are two stages in the hardening
of pozzolanic cements  First. there is the hydration of the portland cement minerals  The
second 1s the iteraction of the active mineral admixture (pozzolan) with the calcium oxide
hvdrate released during the hardening of the Portland cement. Hydration takes long. For
pozzolanie cement, Y0 davs is usually used to assess its working strength since considerable
merease accurs beyotud 28 davs used tor portland cement (Mather, 1956)

Relatively. only small amount of heat of hydration is usually released and at a low rate
during the setting and hardenmg of pozzolanic cement (Taylor, 1977). This makes it very
siitable for use in mass conerete works since larze internal stresses will not be developed
Itis therefore, very good for use in the tropics where high temperature abound such that the

net etlect of heat 15 not detrimental to the conerete or mortar



The admixture (pozzolan) expands as a result of the heat of hydration making the
conerete/mortar denser This implies that pozzolamce cements have a lower permeability
compared to ordinary portland cement. This property makes them very good for water

retaining structures (Taylor, 1977)

253 Acuvity of Pozzolans

I'he basic characteristic property of pozzolans influencing usage is their activity It
is the degree to which the pozzolan is active to react with lime (calcium oxide) in forming the
binding compounds.  The chief constituent of pozzolan is silica and it was previously believed
to be the only component that goes into reaction with ime.  However, from recent
mvestigation it has been found that aluminium and iron oxide if present in the pozzolan also
take part w the chemical reaction which are known to be complex (Orchard, 1979)
Pozzolame activity 1s descnibed by the amount of caleium oxide (Ca0) absorbed from

the mixg of the admixture (pozzolan) durng 30 davs (Tavlor, 1977). BS4550° part 2. 1970
has 1t that. pozzolanicity 15 assessed by comparing the quantity of Ca(OH), present in
liquid phase i contact with the hvdrated pozzolanic cement with the quantity of Ca(OH),
capable of saturating a medium of the same alkalinity. This means that pozzolanic activity

consists of the fixing of Ca(OH). by the pozzolan so that the lower the resulting quantity of
CatOH), the higher the pozzolanicity

The Amencan Society of Testing Materials (ASTM) standard C618-78 prescribes the
measurement of pozzolanicity mdex 1t 1s determined by assessing the strength of mixtures
with a specified replacement of cement by the pozzolan

Pozzolamicity 1s still impertectly understood  However. the chemical composition of

the pozzolan and its specitic surface influence is considerable (Neville, 1981).



With respect to the first method of measuring pozzolanicity, it is said that pozzolans
like Tripoli and diatomite have an activity as high as 150, trass 60, pulﬁicc. tiff and volcanic
ash 50 and naturally burnt clay rocks as low as 30 (Tavlor. 1977). Up ull now, no definite
relationship has been found between the activity of pozzolans and the resulting strengths, nor
with other properties of hardened concrete or mortar made from the cement

A mineral admixture is considered active if the seiting time of a paste prepared from
the admixture and air slaked lime does not exceed seven days after mixing and if’ paste
becomes water resistant not later than three days after the setting.  The rate of reaction of any

mix depends on the chemical compasition. pore structure and tineness of the pozzolan

234 Economy

Since most pozzolans are by-products of agricultural and industrial processes found
m large quantities. they are usually gotten at little or no cost, moreso. that they often
constitute a waste problem for the owners. The major sources of cost are the burning for
those pozzolans that must be caleined and the gninding to required fineness

It has been found that the use of pozzolanic cement is cheaper than wholly using
portland cement such that the usage of pozzolan is often justified by economic consideration
e e Gipps and Britton estimated that £50.000 was saved by using a local pozzolan in concrete

for the Koon=boo=loomba dam in Australia (Orchard. 1962)

255 Water Requirement

I'he water requirement of pozzolanie cement of dense and solid admixtures like trasses
and tufls 1s almost the same as that of Portland cement  However, it increases considerably
when soft and porous admixtures like diatomites and tripoli are used.  For this reason. the
required mobility of a concrete mix using pozzolanic cement is provided by an appropriate
additon of water  This action in turn calls for a greater consumption of cement so that the

strength of the concrete is not reduced (Taylor, 1977)



236  Strengths

[sing any of the strength tests - mortar or concrete tests - it has been established that
compressive strengths of pozzolanic cements are lower than those of portland cements of the
same chinker at early azes At later ages. however. the zap reduces considerably. This is due
to the hydration of the pozzolann which takes longer time utilising one of the products of the
hydration of the clinker cement ¢ ¢ Lea (1970) found that a pozzolanic cement of 40% burnt
clay powder and 60% Ordinary Portland Cement (OPC) used for concrete gives 68% of the
strength of unsubstituted portland at 28 days At 180 davs, the strength was 82% while after
one vear the strength was about 5%

As would be expected. the strength at whatever age depends on the percentage
replacement of cement with the pozzolan. the type of pozzolan and the mineralogical
compaosition of the pozzolan among others

Fensile strength of pozzolanic cement unlike the compressive strength, is higher than
that of portland cement at longer ages e g using the same mix as aboye, Lea (1970) found
that the tensile strength art 28 davs was 92% of the unsubstituted.

The American Society of Testing Materials standard ('595-79 limits the pozzolan
content to between |5 and 40% of the weight of the Portland-pozzolan cement  1f 90 days
strength. rather than 28 days strength is the mix design criterion. replacement levels in excess

of the 40% limit or at worst on the high side of the limit will satisfactorily be obtainable

237 Others

Pozzolame cements show good resistance to sulphate attack and some other
destructive agents when compared to portland cement. Other advantages attributed to
pozzolame cement include improvement of workability of mixes. reduction of bleeding and
segregation. resistance to freezing and thawing Al these are higher when compared to
Portland cement. It is often argued. though, that the advantages gained from most of these

are relatively very small
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2.4 Pozzolanic Reaction

In order to understand pozzolanic reaction it necessary to look at the hydration of

portland cement

24 1 Hydration of Portland cement

[he process by which cement sets and hardens by taking up water in complex
chemical reaction is called hydration This process starts immediately after the cement comes
i contact with water and this is continuous for months or even years though at a decreasing
rate with age  The rate of this chemical reaction increases with increase in fineness of the
cement

Portland cement 1s made up of about four mamn compounds that may react with water

with the most active being Tricalemm silicate (3Ca0) 510, ) often abbreviated as €, S

Cement compounds react with water in two ways
First. by a direct addition of some water molecules, this is the true reaction of
hvdranon  The second is hvdrolvsis. which is an alkaline reaction giving oft hydroxvl irons
(OH ) The two reactions are not usually differentiated but are just called hydration

I'he hvdranon of C .8 1s as below

20,0 Si0. + 6H,0 -~ 3Ca0.28i0, 3H,0 + 3Ca(OH), 2.1

I'he products of hvdration as can be seen above. are calcium silicate (tobermorite) of lower
basicity and lime in the form of calcium hydroxide  The former has a binding ability but the
latter which is in the form of fiee lime i1s undesirable and even detrimental to the concrete or
mortar - The free lime if left hardens by combining with carbon dioxide very slowly to form
calcm carbonate  This product has expansion tendencies. In so doing it causes cracks and

farlure of the mortar concrete (Neville, 1981).
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e second compound of Portland cement, bicalcium silicate (€,S) also hydrate like ¢',S but

with less lime liberated as can be seen in the equation below

20,8 + 4H,0 —=-> 3Ca0.38i10,.3H,0 + Ca(OH); woevrrrecnrenenen 2.3

While Tricalcium alumimate (€ A) hvdrates without taking up nor releasing lime. Tricalcium

aluminofernite hvdrates to take in little of the lime released by the first two compounds

242 Pozzolanic Effect on Ordimary Portland Cement Hydration

When a pozzolan is added into the mix. another chemical reaction apart from the
hvdration of the portland cement clinker minerals takes place. This reaction is the interaction
of the active mineral admixture, which is normally silica from the pozzolan, with calcium
oxide hvdrate which s released during the hydration of the portland cement. At the same
time. the calcium hydroxide is bound into calcium silicate sometime called caicium
hvdrosilicate. as shown by the equation below

Ca(OH), + Si0, + (n-) H,O > CaQ)Si0, .nH,0 .niiieiiiinneeennn 2.4

I'hus hydration product. just like that of portland cement. also sets and hardens. In
addition, 1t helps the mortar/conerete to acquire greater water-resisting property than with
only portland cement  This happens so because this hydration product fills pores of the
mortar/concrete

Fhis reaction between lime and silica helps to reduce or even removes completely the

lime i the concrete/mortar after a complete hydration  This takes months or even years



Since the lime-silica reaction uses a product of hvdration of the portland cement. this
explains the slower strength gain during initial period of hardening of the pozzolanic cement

compared to Portland cement

2.5 Some Pozzolans in Use

Quite a number of materials are in use as pozzolans having been found suitable
Below are a few especially those that are readily available and had been widely used or are

today bemg widely i use

251 Volcanic Ash

It is said to be the first natural pozzolan to be used for construction purposes. It was
first used 1 ltaly found at Mount Vesuvius close to a town called Pozzouli.  The name
pozzolan is actually derived from the name of the town as has been observed

Voleanic ash s a product of volcanic eruptions. The glassy material formed as a result
of violent eruptions. though similar in composition to the material of less violent eruption, 1s
found 1o be more reactive with ime

Occurrence of volcanic ash is restricted as it is tound only in places of active volcanic
eruptions. It is either found as fine grained ashes or as large particles or tft (solidified

volcanic ash). The latter has to be ground before usage as a pozzolan

252 Fly Ash

Fly ash also called Pulvensed Fuel Ash (PFA) 1s an artificial pozzolan produced by
burnimg powdered coal It 1s usuallv the residue of the combustion collected by either
mechanmical or electrostatic separators from the flue gases of power plants.

In many countries where coal 1s still a major source of energy, the most common
artificial pozzolan is the tly ash. (Neville, 1972)  Fly ash in the finely divided state is generally

finer than ordinary portland cement. The American Society of Testing Materials (ASTM)
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standard ASTM C618 =78 requires not less than 2800 sq em/g of specific surface for fly ash
with specific gravity to lie between 1 85 - 225 Its particles are spherical which is an
advantage from the water point of view requirement

Composition and properties of tly ash vary widelv from plant to plant and sometimes
even in the same plant from hour to hour production  In general, composition depends on the
tvpe of fuel burnt and the vanation of foad on the boiler  Major constituents are silica. iron
oxide. calewnm oxide with varying amounts of carbon and aluminium oxide. Any good fly ash
should have a high chemical composition consistency, high specific surface area. low
percentage of unburnt carbon and atkalt Some tvpe of tly ash. like that found from Neyyeli,
contain free lime to the extent of about 25% = Since pozzolans usually combine with free lime
to form stable caleium silicates in the presence of water, it follows that this type of fly ash
does act as a pozzolan and 1 addition possesses some cementitious properties by itself
without cement being added to it
253 Blastturnace Slag

It 1s an artificial pozzolan 1t is a non-metalic product obtained in the molten state
simultaneously with pig iron duning the process of reduction ot iron ore in a blastfurnace. The
mam constituents of blastfurnace slag include Iime. silica and alumina which are same with
those that make up portland cement only that proportions vary Its chemical composition and
properties vary widely depending on nature of ore. compuosition of limestone flux and the kind
of iron being made. The molten slag 1s usually cooled in a cold water tank after which the
chinker is broken into small particles to give granulated blastfurnace slag. In this condition.
it 1s inert and can be transported and stored in heaps  Storage could even be in wet conditions
without any special precautions  Before usage as a pozzolan. this is ground very fine  The
wet grinding is usually employed 1t is believed to wive finer product with much smaller
power consumption (Ochard 1962) The dry process has many inherent problems like

difficulty in sieving



Fhe ground slag normally has specific surface of at least 3000 sq.cm/g. About 30% or
more portland cement can be replaced using blastfurnace slag without adverse effects on
strength and other properties

Because of the similanties i their composition. the properties of pozzolanic cements

made with blastfirnace as the admixture are very similar to those of ordinary portland cement

254 Rice Husk Ash (RHA)

It 1s gotten by burning rice husk. an agricultural byv-product. The burning removes the
organic matter leaving a silica rich ash - Rice husk produces a high quantity of ash, about 20%
by werght of the husk  The ash has a high silica content, sometimes up to 95% by weight

Ihe temperature and duration of burning are of paramount importance because it is
the amaorphous silica not the crystalline that possesses high pozzolanic properties.  The
burning temperature is always below 700 € as temperature above this leads to crystallization
of the silica making it less active  The colour of the ash is dark grey to white. depending on
the residual carbon in it Carbon has no negative effect if'it is less than 10% of the ash. To
tmprove reactivity of the ash, it is ground tn mill for about one hour or more if it is suspected
to contan crystallime silica. It has been found that about 30% of Portland cement in mortar
and concrete can be replaced by rice husk ash or mixed with 30 - 50% of hydrated lime to be
used like cement in mortars rendering and mass concrete (Alimi, 1989) A major
disadvantage, however, ot using rice husk ash is its increase of shrinkage which increases with
mereased percentage replacement
255 Burnt Clays/Bricks

Clay 1s an earthen mineral mass or fragmentary rock capable of mixing with water and

forming a plastic viscous mass. On drving, it retains the shape it was given and after burning
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acquires the strength of a stone (Chong, 1977). Clay results from the weathering (mechanical
and chemical disintegration) of igneous rocks, shales and clayey limestone. This implies that
clay composition is quite variable depending on nature of the parent rock and on the previous
history of the deposit

Clays are composed of grains of various sizes  These include 5-0 14mm called sand
fractions. O 14 - 0. 005mm called dust fractions and less than 0. 00Smm as clay fractions. The
proportions of these fractions determine to a large extent the plasticity of the clay mass  The
areat the percentage of the clavey particles. the higher its plasticity and cohesiveness  Clay
is found almost everywhere on the face of the earth at varying depths in the earth crust. It

oceurs m large quantities but of varyving suitability due to differences in composition

Classification of Clays

Clays are often classified into two types based on ongin and resistance to temperature
Classification by origin: clays are divided into -

(a) Residual Clavs - they are of primary deposits but are generally contaminated by

particles of rocks trom which thev are formed

(b) Transported or Sedimentary Clays - thev are more desperse and free from large
particles of mother rock
Classification by resistance to high temperature: clays are divided into -

(1) Refractory clays - these feature high retractoriness not below 1580%.  They are
distinguished by high content of” alumina (40% and above) and low content of

mmpurities (¢ ¢ FeSO  should not exceed 3"4) that lowers the refractoriness. They
4
are highly desperse (60-80% are less than 0 005mm) and very plastic

(1) High melting clavs these have refractormess between 1350 - 1580% and contain

small amounts of impurities such as quartz and felspar. It is used mainly for facing



brick. floor, tiles etc. They are made up of particles of size ranging between 0.0 [mm
- Omm and 0 005mm -0 They hardly have up to 50% of particles with less than
0 00Tmm size. Sometimes only 6 - 10% of the particles are less than 0. 001mm

() Low Melting Clays - their refractiveness is below 1350¢ and they are more varied
in composition as they contain sand. limestone, iron oxide, mica and organic
substances

Sometimes. clays are classified on the basis of plasticity — In effect therefore, clays are divided

into the following -

(a) High Plasticity Clays - these have a water requirement of over 28% and air

shrinkage from 10 to 15%.

(b) Medium Plasticity Clays - theyv have a water requirement of 20 - 28% and an

shrinkage of 7 1o 10%

{c) Low Plasticity Clays - they have a water requirement of less than 20% and air

shrinkage of 5 to 7%

Calcimng of Clays

(lays have a characteristic property of turning into a stone mass in the process of
caleining (burning). Burning of clavs is often done when it is to be used for clay blocks or
other ceramic articles  Also. clav s sometimes burnt principally to convert the inert silica it
contains mto a reactive form i order 1o use clay as a pozzolanic material

Calcining of clays passes through a number of stages depending on what the clay is
to be used for  In general. the stages mclude preparation, moulding. drying and burning  If
the clay 1s to be used only as a pozzolanic material then the first and second stages are
UNNECessary

The clay 1s dug from the source using mechanical means mostly, sometimes the

manual method 1s emploved  The dug material 1s then transported to the caleining centre
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The preparation involves the removal of stones and other undesirable elements that might be
found i the clay and mixing it by itself or with other clay(s) as might be required to obtain
homoueneity It also mvolves the tampering of the clav by adding water and kneading it to
bring 1t to the required consistency  All these are done by the help of special machines
designed tor this purposes

Moulding 1s only done if clay is to be used for the production of block or other
ceramic articles. Hand or machine moulding is used to mould clay into shape and size  The
machine moulding 1s generally more economical except where special shapes are required
(Adams. 1974)

Phe machine moulding also has an advantage of conveniently using relatively  stift clay
with the lower moisture content thereby reducing shrinkage of the element during the drving
and burning processes

The clav having been molded appropriately 1s then dried at about 1000¢. Drying this
way is o ehimiate water of plasticity (mechanically mixed or entrapped water) thereby
making the clay rigid though brittle This helps to reduce distortion and cracking of the
elements during firing resulting from the pressure of the water vapour going off (Taylor,
1973, Chong, 1977)  Drying also makes the clayv items light and porous which is
advantageous. Drying often takes about three to four days

I'he burning of clays and their products 1s done by subjecting them to intense heat
through the use of any of the tollowing three methods. namely: the car tunnel kiln, the
Hottiman kiln and the clamps methods. Fuel used for tiring is usually gas and sometimes coal
or wood. When fired. the clay structure alters completely with a hard. rigid material forming
Firing causes localised melting or sintering of the clay as easy-fusing clay components melt,
spread out and envelope particles that are stll solid. On cooling the moulten mass solidies
and cement the particles (Taylor, 1973: Komar, 1973) This partial melting of clay minerals
and the action of surface tension of the moulten mass brings the particles closer together and

50 cause a reduction of its volume. This phenomenon is usually known as the fine shrinkage
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At temperatures between 100 - 70000, clav minerals loose their water of crystallization
thereby losing plasticity At higher temperature. say up to 9000C, the clay acquires
properties of hydraulic admixtures This is essentially when the silica and other elements like
alumina and ron which have been in their inert staves are converted to their reactive state
At this stage also. iron compounds are oxidized to fernic oxide trom terrous and carbonaceous
impurities are burnt out

The colour of burnt clays depend solely on the content of iron oxides which more
often than not give the burnt clays and their products a red colour  This holds when there is
excess oxyeen mnside the kiln, but a dark brown or even black colour results when there 1s no
enough oxyeen  Direct firing of clays and their products takes about two days  Clay
products that are underfired in terms of temperature and/or time are liable not to be durable
especially i used externally and i exposed situations (Adams, 1974) Cooling of fired clay
products is done gradually to prevent setting high internal and surface stresses that cause
cracks

Betore using burnt mass clay or its products as a pozzolanic material the mass clay
or products are first broken into small pieces. These small pieces are then ground into fine
powder having a minimum specific surface area of 2500 sq.cnm/g as applicable to pozzolans
Grinding could erther be manually or mechanically done. but where large quantity 18 required
the latter is used. The grinding. just like for cement clinkers. is done in laboratory ball mills
or other suitable machines like mortar mixer

The major problem as with any other dry process is the difficulty of sieving since sizes
are usually very small Size is often below Q0micron, being generally smaller (finer) than that
of ordimary portland cement. Storage is generallv easy with no special precautions required
Burnt clay 1s stored both in open and under shade i all seasons. In general, 1t is not stored
i ats powder torm but as broken or unbroken pieces of the mass clay or of their products
F'his is because m this state the clay is inert like the broken pieces of blasfurnace clay

Theretore. the storage of burnt clay masses or product 1s neither costly nor risky.



Properties of Powdered Brick

A number of properties are associated with burnt clays which are affected greatly by
the presence of impurities. Thus. a lngh content of free silica not bound by aluminium oxide
(Al O ) in the clay compounds reduces the binding properties of clays. increases the porosity
of the burnt clays and products as well as lowers their strength

Burnt clays are usually ground very fine Fineness is often higher than that of ordinary
portland cement ¢ ¢ while the specific surface area of ordinary portland cement is given as
2250 sqp enmve minmmum (BS 12 1978) a sample of powdered burnt clay from Amritsar was
said to have a specific surtace of 3246 sq cm/g (Uppal et al, 1964). Showing an appreciable
difference  Even the rapid hardening portland cement has a specific surface of 3250 sq.cm/g,
jut tallving with that of the sample in India as stated above. With either the pozzolan or
cement. the higher the fineness the more reactive it becomes

In general. powdered burnt clav is lighter than ordinary Portland cement from physical
handling  The specttic gravity of Portland cement often lies between 3.1 - 3 2. But a sample
of powdered burnt clay from Amnitsar in India was discovered to have a specific gravity of
2 48 which s lower than that of ordinary portland cement. This agrees with the result of
physical handling stated above  The lower the specific gravity the higher the water
requirement and the hehter the material  Because powdered burnt clay 1s lighter. higher
volumes of it are usually used than the volume of the portland cement it is replacing

All clays contain iron compounds, though to varving degrees of concentration. On
heating with an oxidizing flame. therefore. clays turn red. The colouring material is often
ternic oxide The intensity of the colour depends on the concentration of the compounds of’
iron

The higher the concentration the deeper the intensity of the colour. If there occurs
any clay without iron compounds. on heating in an oxidizing tlame, it will turn white Also,
when there is no enough oxveen durmg the burning process the clay turns dark brown or

black as stated earlier
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The chemical composition of clay whether in its burnt or unburnt stage 1s basically the
same since burning just removes water of plasticity and crystallization.  Other little changes
are the conversion of ferrous to ferne compounds and burning out of carbonaceous impurities
which are often small in quantity

Burnt for powdered burnt clay. the composition of two t}'pii:al clays can be seen

below

Table 2 4 Composition of two typical clays

Chemical Constituent PROPORTION -Percentage by weight
Powdered Bricks - | Powdered Brick - 2

Primary Silicon oxide 60 20 50.52
Aluminum oxide | 1272 38.35

: Iron oxide ‘ 7 S8 235

Secondary ['in oxide ].258 ; 1.35
| Calcium oxide 2.68 0.75

Iron oxide 2.50 0.9]

Fertiary Potassium oxide 3.20 (.78
Sodinm oxide | 03 052

Sulphur trioxide 2.53 0 40

ll Loss of Tgnition 139 4.03

Source. Adapted from Properties of Matenials (Orchard, 1962).

Powdered burnt clay just like any other pozzolan does not have any binding ability
when put into water under whatever condition since 1t does not react with water. At this
stage 1t does not even have any physical binding ability having lost its plasticity during

burning
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Properties of powdered burnt clay pozzolanic cement

The properties of burnt clay pozzolanic cement or products made from it vary
depending on the mineralogical composition of the clay and the temperature of curing  In
general clav with amorphous silica and high alumina contents is the best. In a country like
Britam. the influence of temperature 1s nil at 0°c but 1s considerable at 18%¢

With caretul proportiomng. strength developed by pozzolanic cement of clay is the
same with that where only the portland cement is used of the same mix. This is possible
because the powdered burnt clay contains some particles that are finer than the portland
cement. So. because of the larger spectfic surface area. the finer particles of the powdered
burnt clay fills voids in the agerecates ina better wayv  Thus, the strength lost by the mix
through replacement of the cement is compensated for, to some extent, by the greater
compactness of the mass - At early ages, the replacement of portland cement by the pozzolan
of clay results in a decrease in the compressive strength - But the difference reduces or even
disappears at ages of 3 months or more when compared with those where no replacement is
done  Anather very important point as regards the nse of burnt clay is that tensile strength
of the pozzolamce cement concrete/mortar is always higher than strengths of unsubstituted
Portland cement  In his experiment with burnt clav. Lea (1970) found that with 40%
replacement of portland cement by buint clay. the tensile strength at 28 days was 92% of the
unsubstituted one. At 180 days the strength was 102%

Other desirable properties to be derived from the use of powdered burnt as a pozzolan
as compared to ordinary portland cement only include -

() Low heat of hvdration. often sinilar to that of low heat Portland cement. It i1s low in
terms of total heat evolved and temperature attained  This 1s a big asset in mass
concreting as 1t reduces high thermal stresses oceurring  This helps to reduce cracks
developmg. This is the chief advantage of anv pozzolanic cement (Neville, 1981)

(b) Higher resistance to chenucals - In general. it has high resistance to sulphate attack
and 1o some other destructive agents. This is so because, the pozzolanic reaction

leaves less me to be leached out and also reduces the permeability of the mass



This prevents other elements from being absorbed into it let alone to attack it Also,
since less lime exist, the destructive expansion caused by alkali-reactive aggregates
is greatly reduced

(c) Improves permeability of the mass due to the greater compactness of the mass as a
result of the finer particles of the clay pozzolanic cement. This makes it very good
for water retaining structures

(d) Reduction in cost — Since the pozzolan due to its ready availability is often cheaper
than the cement. a mixture of the two will mean a reduction in cost for the portland
cement € 2 A corps of Engmeers are said 1o have saved $5m (Five million Dollars)
between 1940 - 1950 by the reduction permitted m cement content of some 19 x 10
cum of concrete it placed (Mather, 1956)

{e) Burat clay pozzolanic cement mereases water requirement for some mix. This results
in increased drving shrinkage and resultant cracking.  Others are improvement of
workability especially m concrete works. reduction in volume changes and higher

durabilitv. Grains in these areas are usually small

Use of Clays

Clay i1s commercially important as a raw material because it occurs naturally and in
abundance almost everywhere 1t 1s one of the first construction materials to be used by early
man but due to ts low strength and other poor properties. its usage did not gain much
around. moreso that other materials of better quality were discovered

Man discovered that burnt clay acquired more strength than the unburnt, so, where
higher strength was required, clay was burnt sometimes to as high as 1500 in order to
convert the clay products into hard durable materials of fixed shapes (Adams, 1974). Initially
clays were basically used for only bricks, mortars and for plastering wall made from such
bricks  Now. however, clay products are numerous especially of the caleined (burnt) type
[hey are of different shapes. sizes. types and colour 1o fit strength, aesthetic and other

requirements. Products of clay include bricks tor wallings. tiles for flooring/cladding, sanitary



wares, electrical insulators ete

[t was also discovered that the powder of burnt clay products acts as a pozzolan
Burnt clay as a pozzolan has long been known to the Romans, Indians and the Egyptians
The Romans utilised ground burnt brick and tiles as substitute for paturally occurring
pozzolans because of thewr non-availability. The crushed brick and tiles were also used as
partial replacement for lime in conerete and mortar mives. -

Though Vicat mentioned burnt clay pozzolan in papers published in 1843 and 1859
the first scientist to link the pozzolanic activity of clays on burning with temperature at which
loss of water of hvdration occurs was Fremy (1968)  Lea (1970) stated that the first
commercially produced burnt clay as a pozzolan was by Leatarge company in France which
it did up to 1915

Powdered burnt clayvs as pozzolans have been for a partial replacement of or added
to ordinary portland cement 10 produce concrete and mortars. Some notable and sull
standing construction made by partial replacement of cement or lime with burnt clays include
Bridees of Fabries. Ehuos and arches of Nero. Trogan all in the former Roman Empire. Others
nclude Benneville dam in US A Aswan and Sennar dams in Egypt In the construction of
the Sennar dam. 30% powdered burnt clay and 70% Portland cement were used to produce
the concrete used for its construction (Mather, 1956)

Ihe discovery of portland cement reduced the usage of powdered burnt clay because
of its high strength advantage  But the use of the former may resurface much due to the
mereasmge high cost ot the latter Also, improved technology available to enable the
production of better quality clay pozzolan. easy grinding machines and burning facilities will
go a long way to encourage its use - With the risig cost, clay product manufacturers will

want to mininmize wastage by grinding broken pieces which are usually much for sale
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2.6 Sandcerete Blocks

A block is defined as a walling unit exceeding i length, width, or height the dimension
specified for a brick in BS 2028 1364 1968 The height of a block shall not exceed its
length or six times its thickness to avoid confusion with slabs or panels

Though there are many types ot blocks. this research is focussed only on sandcrete
blocks  Sanderete blocks sometimes called stabilised sand are prismatic precast units made
from lean (sand-cement) mortar nuxes. Coarse or sharp or crushed rock dust mixed with
cement and water is pressed into shape 1o produce sanderete blocks. they are of rough
porous surface and of cement grey colour. Sanderete blocks are used widely in Nigeria but
are bemnyg wradually replaced by the use of traditional lateritic blocks, probably due to the

present economic hardships

2o b Classification ol Sandcerete Blocks

[here are different basis of classifying sandcrete blocks  In BS 2028, 1968, they are
classified on the basis of density as tollows
I I'vpe A These are dense ageregate concrete blocks. Their density is not less than
ISO0kg/cum  They are used i all locations below ground level
2 Fvpe B These are ightweight aguregate concrete blocks for load bearing walls
i Type € These are lightweight aggregate concrete blocks for non-load bearing
partitions
Sanderete blocks are also classified into hollow and solid blocks. A block shall be
deemed to be solid if the solid material 1s not less than 75% of the total volume of the block
calculated trom the overall dimensions. On the other hand. a block shall be deemed hollow
i1t has one or more large holes or cavities which pass through the block and the solid
material 1s between 50% and 75% of the total volume of the block caleulated from the overall
dimensions (BS 2028 1364 1968)  Also, hollow blocks for load bearing walls should have

wehs of less than 12 omm thickness. (Obande, 1981)
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Sanderete blocks are essentially a mixture of a cementitious material, fine aggregate
and water in a definite proportion Each of these components has its characteristic function
and should be of best quality and within the prescribed cost limits of the job at hand

he cementitious material is used to bind together the particles of the aggregate into
a solid mass Materials used for this purpose mcelude ime, ordinary portland cement.
portland-pozzolan cement (Rice Husk Ash)

Where only the cementitious matenal is used. the final product often shrinks during
the process of hydration This causes a lot of cracks  To reduce this aggregate, usually sharp
sand. or crushed rock dust is used in conjunction with the cementitious material  The sand
is also used for economic reasons sinee it 1s much cheaper than the cementing material  For
this reason. it is usually gher in proportion to the cementing material  The sand which is an
mert matenal should be clean and well graded, though on the coarse side: The grading should
conform to BS 882 1973, preferably to its grading zone 1 or 2 as grading zone 3 & 4 are
more fine. Sand used should not contain more than 10% silt

[he quality of water should be very high. sav to a drinkable standard. It should be
free from acids. alkals. salts and organie substances A high concentration of any of these
will affect the time and rate of setting and eventual strength, (Sidney, 1977). Also. they
could cause efflorescence and scum especially when the environment is damp. The water
provides a medium and causes the irreversible hydration of the cementing material

A mixture of these material-cementitious material, sand and water is referred to as
mortar Though the term mortar is more often used for such mixture used as a bedding
material tor bricks, blocks and mansory especially where joints have significant thickness

{Adams, 1974)



263 Manutacture

Sandcrete blocks are made from numerous mortar mixes. the mix used at any point
in time depends on properties required especially strength and economy.  The specified
nominal mixes for sanderete blocks are 160 to 18 (cement sand) with water/cement ratio lying
between (16 1o 09 Rich proportion usually on request is 1:4 5 with a water/cement ratio of
08 This mix s usually used when the thickness of the web of hollow blocks is 25mm or less
(Obande, 1981) In general. mix proportions should be determined carefully in order that

the resultant blocks meet specified standard — Stages in manufacture include the following -

a) Batching

Batching of matenals 1s done by volume or weight using gauge box whose capacities
have been determined in advance or weighing machine respectively. This helps to ensure
umfornuty of batches in order to obtan blocks of averauely same properties of any particular
mix used
h) Mixing

Matenals are to be mixed until a uniform and consistent mix is achieved. Better
mortars are gotten by longer mixing. therefore. machine mixing is nﬁen' preferred against the
manual  Uniform mixes ensures umiform strength across the blocks section to be made  This
1s also true tor other properties. In mixing, better results are obtained when the materials are
first mixed dry before the addition of the required water  Excessive water causes shrinkage
and so distortion of the blocks on drying (Obande, 1981).
) Molding

Molding. as mixing. can either be done manually or mechanically using appropriate
tools or machines. The latter often wives better results as the combined effect ot vibration
and compression gives cood compaction which 1s one major factor that determines block
properties  De-moulding of fresh blocks should be carefully done to avoid vibrating,

collapsing and distorting the tresh (green) block



d) Curing

Demoulded blocks should be placed in a way to allow easy curing. Curing is essential
to ensure sufficient hydration of the cement giving nise to expected strength and meeting other
properties. To ensure adequate curing. blocks should not be left to the mercy of nature but
placed under a shed and then ensure controlled curing. [t should be started after nitial setting
and should be done for at least 7 davs before usage especially where they are to be used for
load bearing  Longer time is required tor curing in the dry seasons except if walls made from
the blocks will continue to be wetted

In Nigeria, sanderete blocks are moulded into various sizes. The common hollow
blocks sizes include 450 x 230mum. 450 x 230 x 1530mm, 450 x 150 x 330mm, 450 x 230mm
and a sohid size of 450 x 100 x 230mm(Obande, 1981 )
e) Storage

Storage of’ blocks should be done carefully to avoid damage  For this reason, blocks
are usually stacked away from major activity centres to avoid accidental breakages. Blocks
are stacked on raised ground to avord the soiling of bottom layers and being buried by mud
Stacked piles should not be too mgh as this could destroy the bottom lavers due to the
excessive weight they are made to carry from upper lavers  Sandcerete blocks should be
handled in such a way to prevent chupping of edges and corners. This is particularly important

i the wall to be made 1s to be lett un-rendered as aesthetic will be affected

264 Properties of Sanderete Blocks

Sanderete blocks often acquire the colour of the cementing material. Where ordinary
portland cement is used the blocks are grey in colour - A number of properties are associated
with sandcrete blocks but the most important is strenuth especially of compression. This is
because mortars from which sanderete blocks are made have low tensile strength of just
about 10% ot its compressive strength (Taylor, 1973)  This is one of the reasons why

sanderete blocks are usually used tor elements subjected to only compressive stresses
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[n order to maintain uniformity, hiah quality and meet other peculiar conditions, a draft code
for Nigerian Industrial Standard (1975) specified that the average compressive strengths of
blocks shall not be less than the appropriate values given in table 2.6 below. The author is

however not aware of the adoption of this draft code

[able 260 Compressive Strength for Sanderete Block According to the Nigerian Industrial
Standard (1975) (NIS)

BLOCK COMPRESSIVE STRENGTH N/sg.num

CLANSIFICATION INDIVIDUAL UNITS  AVERAGE OF 8 BLOCKS

TYPE A 75 55

YPre B 50 4.0

I'YNPE € 2.5 3.5
Source NIS Dratt Code (1975)

The BS 6078 1081 on the other hand specifies that for sanderete blocks of thickness
of 7Smm or more, the average crushing strength for 10 blocks be not less than 2 8N/mm’

while for the individual block at least 80% of this value. implying not less than 2 24N/mm”

Investigations. however. have shown that these standards are really difficult to meet
and may need modification  From findings on four mixes of 1:12. 1:10. 1 8 and 16
(cement sand) ratio it was found that only the ratio cured either under wet sacks for 24 hours
and m air at 94% Relative Hunudity and 28%c or under wet sacks for 7 days and in air at 67%
RH and 21"c meets the strength requirement of BS 2028 1968 Also after investigating the
quahty of sanderete blocks produced in Anambra and Imo states of Nigeria, it was concluded
that most block factonies lacked trained and skilled technicians to handle the production

activities. hence the poor quality of block (Uzomaka. 1975),



Recently however. based on research findings and our local conditions, the Federal
Ministry of Works in 1979 Annual Conference in Kano, recommended that the average 28
days compressive strength of three blocks should not be less than 2. IN/mm” and the lowest

for individual blocks should be 1 7N mm™ (Committee on Review of Decisions, 1985)

[he quality of sanderete blocks produced manually under laboratory condition and cured for
.

28 davs in Benin City was discovered to give average compressive strengths of 2. 74N/mm
and 1 78N/mm” for 1.6 and 1 8 (cement sand) ratios respectively when river bed sand was
used  With sand from borrow pits results were 2 25N/ m’m and 1.74N/mm’  The water/
cement ratio used for all was 0 6 (Okpala and Thaza, 1987) However, from statistical
analysis result on 90 blocks abtamed from 30 moulding companies in Benin City, it was
discovered that they gave a mean strength of 0. 79N/mm” and 1. 7IN/mm”  after partially
cured for 7 davs and 28 davs respectively. Only 52% of blocks tested had up to a 28 day
strenath of 1 75N/mm which 1s the mimmum recommended for individual blocks by the
Federal Ministry of Works and Housing committee 1985 (Okpala and Thaza, 1987).
Sanderete blocks undergo dimensional changes due to changes in temperature accompanied
by drying and wetting  Though the changes might be small. the additional non-reversible
shrinkage caused by chemical changes associated mainly with the precesses of carbonation.
hydration and curing aggeravate the problem (Obande. 1981). They have a relatively higher
water permeability due to the high number of pores that it has. But lower permeability will
be achieved by using pozzolanic cement. Once made to meet requirements and used
appropriately. sanderete blocks are very durable. Moreover. it is usually covered with

rendermg and painting. tvrolean. tilting ete, so that it is covered trom the direct contact of

adverse weather conditions



Also. sandcerete blocks have adequate fire resistance of about 2 hours as given by CP111:1953
and Building Regulation 1976 They are also said to be of poor thermal insulating property
except for lightweight blocks  Generally, the lighter the block, the higher the insulating
property For this reason, it is advisable not to fill holes of hollow blocks during building
operation. But the sound transmission and absorption property of blocks reduces with

mcreased hightness of the blocks



CHAPTER THREE

SPECIMENS AND TESNTS

All laboratory works were carried out at the laboratory of Department of Building,
Ahmadu Bello University. Zaria - Specimens were produced and tested in accordance with

the relevant codes of practice as stated and described m relevant sections below

3 Materials used for this study

A number of materials were put into use in the course of this research work
Materais were chosen based on need and in accordance with the standard requirements of
the relevant codes of practice  This was done i order to ensure that results obtained meet
the scientific research work requirements in the present age. The powdered burnt brick and
sand were preliminanly tested to ensure that they conformed 1o standard specifications
i1 Cement

Cement used in this study was Ordinary Portland Cement (OPC) from Ashaka Cement
Company in Bauchi State: It was bought from a local supplier in Samaru, Zaria. Storage
looked good and cement was tree from lumps which are usually an indication of  partial
hardening  The OPC from the Ashaka Cement Company was produced to meet the

requirements of BS 12 1058

312 Powdered Burnt Brick (PBB)

Fhis powder was gotten trom broken burnt bricks obtained from the Nigerian Brick
and clay products Ltd Kaduna As one approaches the company along Kaduna Road. after
NNPC Kaduna, large heaps of these broken bricks could be seen ( p];ttes IAand 1B)
[hey are not used for anvthing other than filling potholes along un-tarred roads. Only clay
is used for the production of the bricks which is acquired locally from clay pits near the

company Clay used is ol'two types - the [ateritic and red clays mixed in the ratio [ 2



Plate 1A, 1B
Heaps of Burnt Bricks Wasie at the Kaduna
Clay Product Factory



respectively. The whole production was in accordance to British standard No. BS 3921
1965 1969 The Kaduna factory is the only one out of the six in various states of the
country that is presently i operation  The Nigertan Mining Corporation is planning to have
at least one brick factory in no distant future in all states of the Federation. With this, since
waste 15 inevitable. broken bricks will be in abundance with very little transportation cost

The powder was made by first breaking the broken burnt bricks into smaller pieces
[hese were then ground in a mechanically operated crusher in the Workshop ot Building
Department. Kaduna Polytechme. Kaduna The resultant powder was sieved using a concrete
vibratng table as the shaker. Only powder passing through the 75-um standard BS sieve was
collected for use in order to fall within the acceptable limits for pozzolans. Powder was
collected into bags and kept dry throughout usage

I'he ordinary Portland cement (OPC) and the powdered burnt brick (PBB) tormed the
cementitious matenial to he used together or severally  The PBB was the pozzolanic material

investigated

Y Sand

-d

River bed (dredued) sand as supplied to the Department of Building. Ahmadu Bello
University. Zaria was used 1t was sieved to remove silt and other impurities it had acquired
aver the long storage tme  Standard BN Sieves were used and the particle size distribution
showed that the fime aggregate conformed to grading zone 3 of BS 882, part 2: 1973

In order to determine the effect of grading on the properties of mortar particularly
strength the first grading was slightly altered and compressive test also conducted using it
The first was called grading A. while the second grading B (figures 3.1 ). The two gradings
of sand all fell within the grading zone 3 of BS 882, part 2. 1973, While grading A was more
to the upper mit the grading B was more to the lower limit. This implies that grading A is
less coarse to grading B In weneral, sand that falls within this zone are used for the

praduction of blocks and mortars
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14 Water
['ap water as supplied by the ABU. Zaria water works was used for this research It

was of drmkable standard and tree from harmful matter as required by BS 3148 1980

Tests on the Powdered Burnt Bricks (PBB)

~J

-

A number of tests were carried on the burnt brick powder (pozzolan) to determine

some of its properties  The results were used in mix design calculations

121 Bulk Density of Powdered Burnt Bricks

Bulk density sometimes called weight per unit volume 1s the weight of a matenal held
by i contamer of umit volume when foosely filled or compacted under defined conditions as
spectfied by BS 120 [958 It is atfected by moisture content, grading of aggregates and the
compactive etfort used in filling the contamer i applicable.  The bulk density of fine
aggrecates is usually ahout 10% greater than that of coarse aggregates of similar composition
(Orchard, 1962) Bulk densitv 1s used in void content determination and mix design
calculations. The compacted value is always used. as specified by BS 12:1958

A metal mould weighing 2 75kg of dimensions 70mm x 70mm x 70mm was used as
the contamer. (see plate TIA It is strong and so does not change its shape in use. For the
compacted bulk density. the mould was filled in three lavers with each layer tamped 25 times
with a 20mm diameter rod. The last laver was allowed to overflow with the surplus struck
oft caretully with a straight edge

Bulk density was determined using the formula below -

B = W/Vkg/m' : K |
where B Bulk Density (Kg/m'
W Weight of powder (Kg)

V' Volume of powder (mould) (m*)
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[able 3 1 Bulk densities for powdered burnt brick (PBB)

Weight ot Werght of Mound | Weight of Ak Densiny Average Bulk
Mould & Powder Powder 3 Den sty
ke he iy kp/m 3
kg/m
106 1.3 904
N 3105 RTS
| [JLHIHI‘-!\"-L'tl 2
10} 132 933
O
L (131 004 l
e ] 1137
" v b i |IJK
Compaced .
113 ) AN 1108
n"
313 TRT 1 10O% HI:

From the table above. the compacted bulk density of 1115 kg/m’ was used for calculations

I B |
). oo

Specific Gravity

['he density of materials which 1s mass/unit volume 1s usually expressed relative to the
density of water It 1s therefore called relative density or specific gravity It is a ratio of the
welght of the material being considered to that of an equal volume of water. (Orchard,
1962)  Specific gravity values are used in mix design caleulations.

The specific gravity for the PBB was determuined on the air-dry basis because of the
powdery nature of the material  In doing this the following were used. paraftin oil, water,
density bottles. oven. weighing machine and PBB

The density bottle was weighed dry. then filled to about one third with the PBB and
re-welghed  The bottle having the powder was then filled with the oil and weighed after all
air bubbles must have escaped. The bottle was emptied. washed, dried and filled with the oil
and water differently and the respective weights noted  The specifications of BS 121958
were tollowed in conducting the test

Results obtamed from this test were presented n table 3 2.



A mean value of 2 53 was used tor all calculations. In a mix where both the PBB and

the OPC were used, their respective specific gravities were used to obtain a combine value

Fable 3 2 SPECIFIC GRAVITY OF POWDERED BURNT BRICK

bJ
>

Sample

259

[
I
S

Specitic gravity (SG) 246

Mean Value 253

v
hJ

23 Setting Time Test
Setting trime is usually divided into initial and final setting times. BS 12:1958 gives
the procedure tor determiming setting time for cementitious malcrials'

In accordance to the BS 12 1958 the paste of standard consistency was determined
for each mix ratio using 300¢ of the cementitious materials. Three mix ratios were used as
follows - 100% OPC.00% OPC + 10% PBB, and 80%, OPC + 20% PBB.

Mixmg time was four minutes. Readings for the initial setting were taken at 20
minutes intervals while those for the final setting were at one hour interval

Using the vicat apparatus. the intial set occurs when the needle fails to pierce the
sample and reaches about Smm from the bottom of the mould  On the other hand, the final
set oceurs when the extra needle bemg applied zently to the surface of the cementitious

matertal makes an impression but the attachment to the needle fails to do so. The result

obtamed from the test is presented in chapter four
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33  Mix Design

In mix proportioning process there is alwavs the problem of being exact in selecting
appropriate aggr/cement and water/cement ratios to bring about optimum properties i the
products 1o be made. To obtain exact proportions of each material, trial mixes were made
and tested,

The result of these tests were used to dererntine the optimum water/cement ratio
which was used for the production of the exact mixes. The trial mixes were alse used to
show the effect of different gradings of tine aggregate on strength of specimens made. A
nominal mortar mix ot 10:30 (cementitious - sand) olten used tor mortar test was used for
tests,

Vartous water/cement ratios were used ranging between 0.4 to 0.8. The OQPC
replacement by the PBB was by weight and ranged from 10% to 50% at intervals of 0%
with the 100% OPC used as a basis for comparison

Calculations of quantities of materials were based on absolute volumes and a typical

example is shown below for a mix of (2:8):30(PBB: OPC):sand and a water/cement ratio of

0,50,
Table 3.4: Phiyvsical Properties of Materials used in the study
MATERIAL DENSITY (Kg/m* ) SPECIFIC GRAVITY
Cement (QOP() 1440 315
Powdercd Bumt Bock (PBB) 115 2.50
Sand 1600 2.65
Walter [Q00 1.00

Source: Properties ot Materials (Orchard, 1962)



Sample caleulation for matertals
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DxR
Absolute Volume = ==---=- e St
S G
Where
B Density.
R = Ratio i mix proportion,
S.G = Specific gravity

Absolute Volume for Sand
Absolute Volume for PBB
Absolute Volume for OPC

Absolute tor water

Total

1600 X 30/2 63 18113 Litres
(1115 x 2)253 892 00 Litres
(1440 x 8y/3 15 3657 14 Litres

(1440 x B + 1115 x 2)x.5(w/c) = 6875 litres

20537 35 litres = 29 54m’

Ouantity of materials m Im’ of mortar

PBH

orc

Sand

Water

(1115 x 2)/29.54 - 75 49 kg/m'
(1440 x 8)/29 54 180 08 kg/m'
(1600 x 30)/20 54 = {685 85 kg/m’

(1115 x2+ 1440 x 8)x .5 = 23274 kg/m’

4 moulds were used of 70mm x 70mm x 7Omm

Fherefore. volume = 007 x 007 s 007 x4 = 1 372 x0001m’

Add 10% for waste 1372 x 0001 + 1.372 x 00001 = 1.51 x000Im’

Maternals for four cubes

-~
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PR ISIx000Ix7549 = 0.114ke = 114g
Qpc 1 SIx000] x 389 98 = 0.58 kg SR g
Sand I SIx000] x 168585 = 2546 ke = 2546 ¢
Wate .51 x 0.00] x 232,74 = 0.35 kg 380 g

Samples were made in accordance with BS 121958 as described below:
Mixing was done within 10 - 15 minutes and resultant mortar placed in mould in three layers
Fach laver was tamped for 25 times. with a standard tamper of diameter 16mm rod. The last
layer was truck off and levelled with a trowel. Specimens were allowed to stay for about 2
hours to attain mitial setting before they were covered with wet sacks for 24 hours before de-
moulding  These were then cured in clean water in a tank for 28 days before they were
brought out and dried in open air for about 2 hours betore they were crushed to determine
their compressive strenuth. A manual  crushing machine was used for the strength
determmation i the Department of Building., Ahmadu Bello University, Zaria's laboratory
[wo sand gradings were used in the tests - vradings A and B - as earlier stated in
Section 3 13 For each mix a total of tour cubes were made for the three sets of trial mixes
This was used to determine such parameters as optimum water/cement ratio, percentage of
replacement of OPC by the PBB and the grading of sand used. For the first and second trial
tests mixes, sand grading A was used while grading B was used for the third trial test mixes
Varation ol water/cement ratio and strengths of specimens made from the various mixes are

presented in figure 3 2, figure 5 3 and figure 3 4

First Trial Test

Fhe result of this test 1s presented in table 3 5 (appendix B). It was observed that for
any particular mix. as the water/cement ratio increases from 0.4, the strength of specimens
mcreased 1o a maximum when the water/cement ratio was 0.65. Thereafter, the strength
decreased with increase i water/cement ratio. This relation is shown'in figure 3.2
The mix with 0% replacement developed a maximum strength of 11 2 N/mm* while the 20%

replacement developed o maximum of 10.6N/mm- which was the highest strength of mixes
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with centain percentages of PBB. This showed that for all points before the peak. there was
no complete hydration due to inadequate water The farther away the point, the more acute
the deficiency For points beyond the peak. the water was more than that required for
hvdration, therefore. excess water evaporated leaving pores which weakened the mortar

It was also observed that mixes with 0% 30% and 40% replacement had multiple
peaks  This could have been due to errors in compacting and mix proportioning.

Strengths of all mixes were generally low when compared to the standard strength
requirement of 158 N/nun™ on the third day as stated by BS 12:1958 for morntars. This was
probably due to the high presence of finer sand particles in the mix as shown figure 3 1 for
erading A This also implied that the mix needed mgher quantity of cement due to the high

total surtace area of the sand to have developed the required strength

Second Trial Test

The test was carned out with sand grading A with water/cement ratio ranging between
0 55 and 0. 70 covering the range where multiple peaks occurred and where strengths were
hghest in the first tral test. Mixes with 40% and 50% replacements were left out because
of the very low strengths i previous test. A single hand was used tor compaction and mixing
done thoroughly to ensure more accurate results

The result of this test is presented in Table 3 6 (Appendix B). It was observed that
the relation between strenuth and water/cement ratio was more linear when compared to the
first trial test result. with other observations remaming basically the same. This relation is

shown mn tigure 3 3

Third 1rial Test

['he test was carried out using sand grading B and water/cement ratios ranging
between 0055 and 0.7 The result of this test is presented in Table 3.7 (Appendix B) The
same pattern for strength growth as in the other two previous tests was observed  The

relation is shown in figure 3 4
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However. the strengths were much higher than in previous tests with an average increase of
73% This was an appreciable merease Values of strength for mixes with 0%, 10% and 20%
replacement though did not meet the BS 121958 requirement are generally high. The low
strength. when compared to that of the code of practice was attributed to the quality of the
cement used as period of storage was uncertain. The comparison of the result in this study
theretore shall be with reference to 0% replacement mix results in order to have a good basis

I'he reason for increase in strength of this test when compared to previous lests was
attributed to the change in sand crading  Grading B being more coarse. had smaller total

surface area implying less cement requirement

Sumimary
1 The optimum water/cement ratio was observed to be 0.65
1 Fhe specimens from 0% replacement mixes gave the highest strength values followed

by 20% 10% and 30% in this order

1l The optimum percentage replacement of the OPC with PBB was observed to be 20%

For further and detailed investigations. mixes of 0%, 107, and 20% replacements were used

The water/cement ratio of only 0 65 was afterwards used

34 'roperties of Mortar

Siee this research work is comparative in nature, properties of mortar made with
[00% OPC and those from pozzolanic cement of varied proportions of OPC and PBB as
cementitious materials were investigated

Fhe production of mortar for all tests was as in trial mixes in scctinn 3.3 with the same
precautions observed A number of tests were carried out in laboratory on both the fresh and
the hardened mortar made from these sets of mortar mixes  Tests were carried out in
accordance with British standards and specification No BS4551: Part 1: 1970 and BS

[8R] 1970
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P41 Observations on Mortar Mixes

Observations made from the various mixes of their fresh mortar include among others
the following -
- Mixes with 100%, OPC as cementitious matenal were more plastic during preparation
of the fresh mortar compared to those containing amounts of PBB with the same
water/cement ratio. Also. the more the amount of PBB the more harsh or stift’ the mix
I'his was so because the admixture (pozzolanic cement) bulked on addinion of water
absorbing water, moreso that PBRB is soft and porous  With the eve, one could see that mixes
with 100% OPC contain more water than those with percentages of PBB prepared with the
same water/cement ratio
- Mixes with percentages of PBB were observed to be reddish in colour with the
intensity increasing with an mcrease in the percentage of the PBB. Mixes with 100%, OPC
on the other hand. were brownish in colour
- A slump test conducted using standard apparatus and taking appropriate precautions
showed true slump for all the nixes at a w/c ratio of 0 65, This is expected for any mortar
mix

P42 Tests On Hardened Mortar Specimens

Fests were conducted on various specimens to investigate certain properties of
hardened mortar. For this research work only the most important mortar tests were carried
out namely the compressive and tensile strength tests and also the setting time test.  All the
tests were conducted i the Jaboratory of Department of Building. Ahmadu Bello University.
Zana

Compressive Strength Test

This is important for sanderete blocks because of the function it performs as a
compressive members  The was carried out according to the requirements of BS 121958
['he size of specimens used was 70mm x 70mm x 70mm cubes (Plate [1B) A metal mould
was used for the specimen production (Plate TTA) For cach mix, a total of six samples were

made



Secimens were tested to failure to determine the compressive strength using a manual
crushing machine of a capacity of 500 KN (Plate TIC&D)Samples were removed at the
appropriate ages from the water in which curing was carried out and allowed to dry for about
an hour before crushing  Specimens were crushed on the 3rd, 7th, 14th, 28th and 90th day
to determine their strength Care was taken to ensure that each specimen was placed centrally
between the metal platens of the machine and load applied gradually at the constant rate of
FAN/mm2/min until specimens crushes The weight of each specimens was taken using a
weighing balance 1t was observed that cubes made from 0% replacement mixes weighed

more with the gap increasing with increase of the PBB

Compressive strength 1s defined as the load per unit area. expressed as:

where compressive strength (N/mm-)
P Load at talure (N)
A = Cross-sectional area of specimen (mm’)
I'he results of this test at various ages were presented and analysed in Chapter Four
Tensile Test:
The eylindrical sphit tensile test method was used to detmine the tensile strength of
mortar of the varous mixes  This method was chosen because it is said that strength obtained

s independent of size of specimen (Sabapathi et al. 1967). Though tensile strength plays

very httle role in compressive members, test results will either arouse interest or otherwise
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Plate 1A
Samples of mould used for making cubes specimens

Plate 1IB
Samples of Cubes
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1nc

Plate
Samples of cube Specimens in position for the

Compressive test
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Plate 11D
Cube sample after failure
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for further study of the material for tensile members. Test was carried in line with the
requirements of BS 1881 Part 4 1970 Specimens were cylindrical having a size of 150mm
as diameter and 300mm as length (Plate 111B)  Metal cylinders were used (Plate TIA)
Production of mortar was done as in compressive strength test. Only the 28th day tensile
strength was determined
The manual crushing machine used for the compressive strength test was also used

T'he eylindrical specimens were each placed in between two wooden packing strips made of
plywood of size 12mm wide x 3mm thick x 300mm long This helps to reduce the effect of
small surface irregularities and effectively distribute the load on the cylinder  This in turn was
placed m between the platens of the machine along the length of the cylindrical specimen
centrally  Load was applied gradually to failure at the rate of 14 N/mm’ /min_ (Sabapathi et
al 1967) Six samples were made from each mix (see plate ¥y 3 ¥y )

The tensile strength was calculated using the formula

ft =2P/,DL - - - 34

Where ft ~ tensile strength (N/mm”)

P = Load at point of failure (N)

D = Diameter of cvlinder (mm).

I. = Length of eylinder (mm)

n =22/7
Tensile strength of any mix is said to range between 1/8 to 1/20 of the mix's compressive
strength (Elvery, 1963) or about 10% as opined by Taylor (1973).

Results of this test were presented and analysed in Chapter 4
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Plate 111A
Cylindrical metal moulds used in moulding
cylindrical specimens
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Plate 111B
Sample of cylindrical specimens



Plate IV
Samples of cylindrical specimens in position for
the cylindrical split tensile test
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Failure of cylindrical samples during the tensite test.



CHAPTER FOUR

RESULTS AND DISCUSSIONS

The discussions presented i this chapter are based on the tests results carried out on
the different mortar specimens of the various mixes and the burnt brick powder

I'he results obtained were compared with standard values for mortars as given by
BSI12 1958 Also. the provisions of BSO6OTS 1981 and N1S. 1975 (for blocks) were used as
basis of comparison since the material being investigated 15 intended to be used for the
production of sandcrete blocks

[hese provisions notwithstandmg the test values of specimens with 0% replacement
were used as a major basis of comparison because of the peculiar nature of the material -
powdered burnt brick - bemng mvestigated as a pozzolan and the uncertainty of the period of
storage and ats variability with respect to its essential ingredients affecting strenuth
development

['o ease the discussion and also provide a vivid picture of results. a summary of the

tests results were presented in tables and illustrated i figures

4.1 Method of Analysis

[he properties of various mortar mixes cannot be the same even when produced under
same expenmental conditions. This 1s because of tactors like varying water contents in
averevates. temperature chanees i the mix, relative humidity among others. The data
obtamed o this study was  analysed using a computer programme  based on
Noveorosky's(1973) method. The method was basically statistically in nature. Below are the

basic tormulae mvolved m the method

1 Anthmetic mean .
X E (XYM commmmcc e e e 41
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Where  x = Anthmetic mean

x = Individual strength values of each sample
n -~ number of samples

I'his @ives the average of result obtamed for any particular nux

I Standard Deviation

sD=+ V [Ex-xy/n-1)]- - comeeeev 4.2
|

Where SD = standard deviation, other symbols are as described above
I'his is used to establish the value of the control warning limits where tolerance for

the quality of the products are not specified

m \ecuracy of Measurement
k +tSx - - -43
where E Accuracy of Measurement (N/mm )
f reliability contant determined from table(Novgorosky) (Appendix E)

Sx = Mean square error

$x = + VE(X-x)/n(n-1) --- 44
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Accuracy of measurement defines a range within which if test result falls in, then the

result becomes acceptable  This 1s sometimes expressed as a percentage of the arithmetic

mean
It shows the error ot measurement with respect to the mean \'i}!ud
Percentage error = {(Ex) 100 - - - 45
v Lower & Upper Limits
AL = s B ssaae 406
UL =x-E =ecccees 4.7

These hmits define the range within which every mdividual sampe for each mix should
fall  Any value outside this range 15 often considered unreliable.  This procedure was
developed mto a  computer  programme to carrv out the computations.  The source

programme is presented m appendix F

42 Compressive Strength

Two sets of results with respect to mix proportion were considered and analysed  The
mixes are -

a) Mix 10230 cubes only - 70mm x 70mm

I} Mix ol - (1) cubes - 70mim x 70mm x 70mim

(i) tull bBlocks = 230mmx 2 30mmx230mm

4.2 1  Analysis of Result of Mix 1030
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Three ditferent mixes were made of (PBB OPC ) sand as follows: -

i (0 10) 30 ||I’HH=(]I’('] . Sand
" . " 1"
1l (1:2) 30
i (2:8)30 1 L
F'able 4 1 Compressive Strengths at Various ages tor 10:30 (OPCSAND) mix
Vees of Cobes | Meuns Value | Stndard Deviaton | Accuracy of Ranges Lower
i NAmm- i N/ ) Measurements Upper
i Davs) [ {Nmun® ) Yo (N/mm° )
i [228 0.57 [ 0w 7.6 11.35-13.2]
1327 111 l | Xt 12.1 1311 - 17 13
14 1772 N3 I | 37 7.4 [ 35 - 1909
IR 1934 {1 & I e B SR 18,26 - 20052
1) 2261 (.47 (197 43 21.64 - 23.58

[able 4 2 Compressive Strengths at Various Ages for (1:9) 36 (PBB:OPC):SAND mix

Ages oft | Means Value | Standard Deviation | Accuracy of Ranges
= | 1 3D »
Cubes (N/mm ) (N/mm" ) Measurements Lower Upper
(Days) | (N'mm’) % (N/mm’ )
3 1} 95 0.56 093 | RS 10.02 - 11 88
7 12.43 (3 70) Y e 9.4 11.25-13.59
[
f4 15.07 083 128 | B3 1383-1632
28 [5.90 (163 | O] 6.3 14,98 - 17.00
i) : 19.25 (187 | 45 7.5 17.80 - 20.70




Table 4.3 Compressive Strengths at Various Ages for (2:8).30 (PBB.OPC):SAND mix

Ages of Mean Value Standard . Accuracy of Ranges
Cubes (N/mm’) Deviation ' Measurements Lower-Upper
(Days) N/mm’) (N/mm’) Yo
3 R4 0.51 f ) RS 101 7.55- 925§
7 11.57 0.76 }.28 108 10,32 - 12.82
14 14 46 043 1.09 7.5 1337 - 1555
28 16 60 068 : 113 6.8 1547 -17.73
90 2129 (1 95 | 87 | 74 19.72 -22 .86
| |

I'he results of this test are presented i table 4.1, table 4.2 and table 4.3 above
It was observed that the strength for all mixes increases gradually with age  This
relation 1s shown m figure 4 1 The shape of curves in the figure agrees with standard
curves for the strength of cement- BS12 1958
The strength tor all mixes falls below the BS12 1958 standard requirement of a min
of 239 N/mm” on the 7th day. The much differences observed in this work might be due to
varation in cement as compared to its fresh form. Other factors that might have affected the
result of this work are as earlier outlined in section 4 1 of this study
Comparing the results of the various mixes- It was observed from figure 4.1 that -
i Mix with 0% replacement gave highest strength for all ages but gap reduces with age
especially with the 20% replacement For example, while the 3rd day strength of the
20% replacement was 68%a of that of 0% replacement. the 90th day strength of the
tormer is 94% of'the later  This closure in gap 1s quite considerabie. This happened
as a result of the hydration of the PBB which often happens at a later age utilising a
by-product of OPC's hydration Details are presented in table 4 4 (appendix )
i tor all mixes. the growth rate is higher at carly ages but reduces with age This is

normal for cementitions matenal
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4.2.2

68

the 20% replacement has lowest strengths at early ages. This was so because the 20%
replacement of the OPC by the PBB affected the initial strength growth with the PBB
mitially being inactive and only becomes active after the release of the by-product of
OPC hydration which it uses for its hydration. This action is explained using
equations 2.1 and 2.2

analysing the results further it was observed as presented in figure 4.3 that while 0%
replacement developed 63% of its 28th day strength on the 3rd day. the 20%
replacement developed only 57%. On the otherhand, the 0% replacement developed
only17% increase in strength beyond its 28th day strength while the 20% replacement
attained up to 28% strength increase as tested on the 90th day. Details are presented
in table 4.5 (appendix ') This is expected of pozzolans as the use by-product of OPC
hydration. The rate of hydration os pozzolanic cements is generally lower than that
of OPC with the hydration of the former containing over a longer period (see Section
2.2.2)

for all the mix results, the accuracy of measurement which is the same as the
percentage error with respect to mean value ranged between 4 3% - 12.1%

all the individual strength values, fell in between the lower and upper limits for any
particular mix indicating that all individual test results with reference to the mean

values are reliable

Analysis of Mix 10:60

Since the mortar made from these mixes is ultimately intended to be used for the production

o sancrete blocks, a typical sandcrete block mix of 10:60 (PBB/OPC): sand was produced and

tested for its strength

The mix ratio of 10:60 was used to make two sets of specimens for investigation as

presented and analyised below. Specimens were tested for only the 28th day strength  Six

specimens were made from any particular mix
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The first set of specimens made were 70mm x 70mm x 70mm cubes of two mix ratios
The first mix ratio had 0% replacement while the second 20% replacement of OPC
by the PBB - (0/10):60 and (2/8) 60 respectively

Result of this test is presented in table 4 6 below. It was observed that with the
change in the mix proportioning, the mix containing 0% replacement of the OPC
developed only 17% of the strength of the 0% replacement of mix 1.3 The mix
containing 20% replacement developed 16% of its corresponding 20% replacement
of the 1.3 mix ratio. This is a drastic change in strength. It follows therefore, that a
change in cementitios material/aggregate ratio causes much changes in strength A
change of cementitious material/aggregate ratio from 0.33 to 0.17 caused as much as
83% decrease in strength. The percentage error is as high as 21% for the mix with
20th replacement

The higher percentage error may be due to the low cement/aggr. ratio making causes

of deviations more prominent

Table 4.6: Compiressive Strength for 1:6 Mix Ratio

b)

Mix Mean Value | Standard [ Accuracy of Limits
Proportion N/mm’ Deviation .~ Measurement Lower-Upper
(SD) e _ N/mm’
i N/mm” %
(0 10)60 3.30 035 (0 58 17.45 227 - 3.87
(2:8)60 2.66 0.34 056 21.01 210 - 3.21

The second set of specimens made were full blocks of 450mm x 230mm x 230mm
produced manually and crushed in the Civil Engineering Laboratory of Ahmadu Bello
Univerisyt, Zaria. Specimens were of three mixes -

i (0:10):60 (PBB OPC) sand

i, (1:9)60 ¥ B 2

i (2:8):60 oo !

Only 3 samples were made from each mix (Plate V1)
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Plate VI
Mould used in moulding full size blocks.
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I'he result of this test is presented in table 4.7 1t was observed that the strength of full blocks
was 18% for the 0% replacement and 19% of the mixes of their corresponding 1030 mix
ratios. which is very similar to that of the cubes in (a) above. But the percentage error 1s
lower than that observed for the cubes with the highest being 12%. The reduction 1s due to
the size effect being that the bigger the size the smaller the effect (Sabapathi 1967)  Also. the
compaction might have been better than with the cubes
It was also observed that the mean strength of specimens meets the requirements of
BS6078 1981 (for blocks) which require that the mean strength of blocks should not be less
than 2 8N/mm” on their 28th day of age. On the other hand, the requirements of the Nigerian
Industrial Standard - N.1.S. 1975 (for blocks) which specify a minimum average of 3 SN/mm’
for 8 blocks was not met by specimens  As mentioned earlier, the latter does not seem
realistic
The compressive strength for other days could be gotten by interpolation using table 4 1. table
4 2 and table 4 3 alongside table 4 7
Example - The third day strength for the 20% replacement mix by interpolation is -
- ratio of third day strength/28th day strength, for mix 10:30
g4/16.6 ~ 0506
- Using mix 10 60, the ratio of the two corresponding strength are also
0 506
- therefore. 3rd day strength for 20%replacement is
0506 x 3 14 = 1 S9N/mm’

Table 4.7: Compressive Strength of Full Blocks on 28th Day of Production

Mix Mean Value Standard Accuracy of Limits
Proportion | N/mm’ Deviation Measurement Lower Uper
(SD) ) N/mm’
N/mm’ ’ %
(0 10) 60 3.39 007 (38 [ 11.24 301 - 3.78
(1:9y60 | 302 0.07 037 12 36 264 - 339
(28)60 | 314 0.05 029 | 920 285 - 343
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4.3 Tensile Strength

As with other tests, three mixes were investigated of the (0:10):30 mix ratio.
Differences are in the cementitious materials as usual. The first contains 100% OPC, the
second 90% OPC and 10% PBB and the third contains 80% OPC and 20% PBB. Number
o samples tor each mix was six and were crushed after being cured for a period of 28 days.

Results of this test are presented in table 4.8,

Table 4 8: Tensile Strength at 28th day for various mix ratios

Mix Mean Value x | Standard Accuracy of Limits
Proportion Deviation | Measurement Lower Upper
N/mm? (SD) N/mm? N/mm?
%
(0:10):30 [.60 0.07 0.12 7.5 148 - 1.72
(1:9):30 1.64 0.08 0.14 8.4 1.50 - [.78
(2:8):30 .77 0.05 0.08 4.7 1.69 - 1.85

It was observed from the table above, that tensile strengths are quite small compared
to compressive strength of the same mix. They lie between 8 - 11% of the latter which agrees
with the established facts that tensile strength of concrete/mortar elements are about 10% of
the compressive strength of elements of the same mix as stated earhier in Section 3.4 2,

Also, it was observed that mixes with PBB had higher tensile strength values e.g. the
mix with 20% replacement has a tensile strength of about 110% that of 0% replacement. The
10% of the latter. This conforms with established performance of pozzolans as earlier stated
in section 2.4.5. The percentage error is quite low falling below 10% for all samples and non

of the individual values fell outside the range as specitied by the upper and lower limits.



44 Setting Time

Results of this test are presented in table 4 9 From the table, it was observed that the
0% replacement mix had the highest average initial setting time of 2.04 hrs but the lowest

average final setting time of 8 29hrs. The 20% replacement mix had the least average initial

setting time of 1 Shrs but the highest average final setting time of’ 9 12hrs

All results tell within the range as specitied for OPC by BS12 1958 in which the

minimum average imtial setting time o’ 45mm and a max average final setting time of 10hrs

Table 4.9

PRB/OPC
Combiation in %

Results of Setting Tiune Test

Average Initial Setting
Ime (HRS)

Average Final Setting
Time (HRS)

BS12: 1958

0/100 204 829

10/90 1.75 875

20/80 1.5 0125
O/ 100 Standard for Min 1.75 Max 100
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CHAPTER FIVE

SUMMARY., CONCLUSIONS AND RECOMMENDATIONS

Sumimanry

I'he reseach was ammed at establishing the sutability or otherwise of using an

admixture of powdered burnt brick (PBB) and ordinary portland cement (OPC) for sanderete

block production  In doing this. a series of tests were carried out in the laboratory at the

Building Department of’ Ahmadu Bello University, Zana  Tests conducted include specific

aravity. setting, time. split tensile and compressive tests

Care was taken at all stages of the various tests to ensure that only appropriate

scientitic methods and procedures were used implying that reliable results were obtained

Data stated below were either used or obtained during the course of the research work

(1)

(111)

(1v)

{v)

Only powdered burnt brick of a fineness of 70-um was used for all tests. Its specific
cravity lies between 2 45 and 2 59

Three sets ot trial mixes were carred out at the prelimimary stages to establish such
parameters as optimum water/cement ratio. optiumam pt'l'k:t‘lliilg!:' replacement of OPC
by the PBB, and the grading of fine aggregate to use

Using three mixes of (0:10): 30, (1:9):30, (2:8) 30, a total of 111 specimens were used
for the compressive strength fest while IR specimens for the split tensile test

For the compressive strength. specimens were crushed on 3rd. 7th. 14th, 28th and as
long as 90th day to enable a good comparative analysis But for the tensile strength,
spectmens were tested for 28th day only - Elaborate test was not done for the latter
because sandorete blocks are mamly subjected 10 compression

A total of 9 tull sized sanderete blocks of 225mm x 225mm x 450mm., 3 blocks for
each mix used. were made and crushed on the 28th day to correlate results with those

ot the much smaller specimens used as stated earlier



{v1)

(Vi)

(vin)

T

It was observed that for all mixes containing PBB. the rate of hydration (strength
erowth) was slower at the early ages but later increased to be higher than those mixes
without PBB  Also. a more appreciable increase in strength occurred for the tests
beyond the conventional 28th day strength used tor elements made with the latter, ¢ ¢
while the 3rd day strength for specimens containing 20% replacement was 51% of its
28th day strength, the 0% replacement specimens had 63% . Again. the former
developed a 28% increase in strength over its 28th day strength but the latter
developed only 17% on the 20th day

On the other hand. the tensile strength of specimens made using blended cement was
higher than with those made using OPC as the only binding agent.

[t was observed that mixes with the admixture have smaller imitial setting times but
longer final setting times compared with mixes without PBB

The 90th day compressive strength (being age at which the design strength for
pozzolanic cement is measured) for specimens of 20% replacement is 10% above that
of the 28th day strength (bemng age at which strength of elements made from OPC

measured). for specimens of 0% replacement (Mather. 1956)

Conclusions

I'he followme conclusions were drawn from the research:

(1) Powdered Burnt Brick (PBB) meets the requirements of being a pozzolan
because it does not have a cementitious property on its own but when
combmed m the mix, it atfected the strength growth rate and eventual final
strength developed

(11) Values of the compressive strength obtained from mixes with 20%
replacement and 0% replacement tor the specimens and the full sized blocks
compare tavourably Theretore, the admixture can be effectively used for the

production of sandcrete blocks
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(1) The admixture improves the tensional strength of elements

(ivi  The mortar produced using the adinixture can be used in tropical climates

where temperatures are high because of its low hydration

Recommendations tor further works

I'he tollowing recommendations are based on the results of the study -

(1) With reference to 5 1 (viii) above, simitlar research be conducted for conrete
using the material

(it} Stone crushing machines should be used for crushing the burnt bricks to
powder since manual grinding could be very tedious, expensive and time
CONnSLImMIne

() Government to encourage brick companies 1o grind their waste burnt clay
products for sale as a pozzolan.

(v)  The construction of proto-type buildings using the material should commence
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APPENDIX A

Table 3 2 Determination of the Specific Gravity of Powdered Brick

Mass of bottle

Mass of bottle + powder

Mass of powder used (E)

Mass of bottle + powder + a1l to fill
Mass of oil used (A)

Mass of bottle + o1l + ol to fill
Mass of oil only to fill (B)

Mass of bottle + water to fill

Mass of water only to fill (')
Specific gravity of 01l B/C = D
Mass of oil of same volume as PBB = (B-A)D

Specific gravity of PBB - ED/B-A

Average

EXPERIMENTS

[ 2 3
14.00 13.75 14 00
1976 16.90 20.12

576 315 6.12
3745 34 .40 36 .66
1654 17.50 16.54
32.60 22.30 32.55
I8 60 18.55 18.55
3510 35.50 35.75
21,10 21.75 21.75
0 88 0 85 0 85
2.006 1. 05 2.01

2.35 1.24 2.36
246 2.55 2.59
2.59




APPENDIX B

Table 3 5° Average Compressive Strengths for Specimens of first trial mixes (N/mm’ )

Mix | Water  Cement Ratios (w/c) .
(Pozz Cem) Sand | e

40 45 50 35 60 65 70 80

(0 10y 30 47 89 93 i 1w 98 11.2 109 6.0

(1.9)30 3.2 4.0 67 | 69 83 9.1 67 | 38 |

(2:8):30 40 45 62 | 8 91 10 6 5.3 -

(37)30 125 {41 | 61 | 70| 63 77 | 66 | 36

(4 6):30 2.2 35 59 3 2.7 | 4.1 6.8 28 |

(5'5)30 18 |28 | 40 | - « 1 - . . J

Table 3 6. Average Compressive strengths of Specimens for second set of trial mixes(N/mm’)

MIx ] Water - Cement Ratios (w/¢)

I(Pnzz:('em]:ﬁand ‘ -------------

; 0.55 0575 0600 0625 0650 0.700

B (0:10):30 10.3 10.6 0.9 10.4 11.3 105
(1:9):30 l 6.9 7.2 83 8.6 9.3 6.0
(2:8):30 i 78 8.9 9.3 9.6 10.3 9.9

| — G730 | 64 | 65 | 58 6.0 7.0 6.1




Table 3 7° Average Compressive Strengths of Specimens for third set of trial mixes(Nmm®)

MIx wic* =055 06 0.65 0.70

(Pozz Cem): Sand

(0 10).30 164 IR 1 19.4 17.8
(19).30 12.2 14 5 16 0 132
(2:8):30 12.8 153 166 14 5

(3.7).30 10.5 11.7 12.8 11.4




Table 4.4: Variation of Stren

APPENDIX C

iths of Various mixes with the base Mix

Age of Sample Strength as a percentage of strengths of mix (0:10):30
(Days) Mix (1;103:30) Mix £1:92:30 Mix (2.8):30
Strenglh Strength Strength
100 89 68
7 100 81 76
14 100 85 82
28 100 83 86
a0 100 85 94
Table 4.5 Percentage growth rate of strengths for various mixes-using each mix 28th

day strength as base

Age of Sample Strength as a percentage of strengths of mix (0:10):30
(Days) Mix (0:10):30 Mix (1:93:30 Mix (2.8):30
Strength Strength Strength
3 63 68 51
7 79 78 70
14 91 94 87
28 100 100 100
00 117 124 128




APPENDIX D
COMPRESSIVE STRENGTHS (N/MM? ) OF SAMPLES

NUMBER OF SAMPLES = 6
AGE - 3 DAYS, L-ALPHA 0.99

Mix 1030 Mix (1:9).30 Mix (2:8):30

Sample value Sample value NSample value
1143 10.82 7.76

12.86 1184 8 78

184 11.02 8 16

12 86 1123 8.18

12.25 1061 8.37

12.45 10.20 816

73 690

MEAN = 12.282

STANDARD DEVIATION 0.5069

MEAN SOUARE ERROR 0,232
ACCURACY 0937
LOWER LIMIT 1345
UPPER LIMIT 13.218

PERCENTAGE ERROR = 7.626



APPENDIX D
AGE - 7DAYS

Mix 1030 Mix (1:9) 30
Sample value Sample value
14.29 12,25
14.69 1280
13 88 11.43
1633 12.45
16.12 1347
1633 12.04

AGE - 14 DAYS

Mix 1030 Mix (19)30
Sample value Sample value
18 98 15.92
17.14 14.29
16.71 15.92
17.35 1531
17.76 14 69
18.37 14.29

Mix (2:8).30

Sample value

1041
11.43
12.65
11.63
12.04
11.23

Mix (2:8)30
Sample value
14.49
1510
1429
13.88
1531
13.67



APPENDIX D

AGE - 28 DAYS

Mix 1030 Mix (1:9):30 Mix (2:X):30
Sample value Sample value Sample vahie
2041 1674 16,12

19.39 [6.33 16.74

1918 1592 17.14

18.37 14 90 1571

19 80 1612 17.55

19.18 15.92 16.33

AGE - 90 DAYS

Mix 1030 Mix (1:9)30 Mix (2:8).30
Sample value Sample value Sample value
22.04 1259 21.63
2286 18.37 b By
2245 204] 22.45
23.27 IR.7R 20.4|
24 49 2000 20006}

2245 1837 22.04



Mix 1060

Sample value

347
3.06
367
2.86
3.06
3.67

Mix (280D

Sample value

Mix 1030

Sample value

APPENDIX D

Mix {60

Sample valie

141
3.45
3.32

Mix (2:%):30

Sample value

1 X4
1¥1
1.70
1.77
1.73
1.77

Mix (10360

Sample value

AGE - 28 DAYS --BLOCKS SAMPLE NUMBER = 3

Mix (2.8):60

Sample value

3.19
3.09

3:13

Mix (1:9):30

Sample value



APPENDIX E

TABLE FOR RELIABILITY VALUES

Value t with Probability o
N-1| 0 98 0 98 0.99 0.999
| 12.706 31 821 63.657 636619
2 4 303 6965 9925 31580
3 3.182 4541 5841 12.94]
4 2.776 3.747 4 604 8610
5 2.571 3365 4.032 6.859
O ! 2447 3 143 3.707 5.959
7 | 2 365 2 998 3.499 5405
b I 2 306 2 880 3 355 5041
0 | 2.262 2.821 3.250 4781
10 ' 2.228 2.764 3.169 4.587
11 ! 2 201 2.718 2106 4 487
12 2.179 2081 2.055 4318
I3 2 160 2.650 3012 4221
14 2.145 2.624 2.977. 4 140
15 L 2131 2.602 2,947 4073

SOURCE: Novgorodsky (1973)



o000 00

STATISTICAL DETERMINATION OF THE PROPERTIES
OF MORTAR SPECIMENS FOR SAMPLES LESS THAN

TWENTY-FIVE.
Age at crushing:-
Mix:~
Input data:
i,number of samples
ii,values of samples
ili,reliability

program probdet
dimension x(25),sqev(25)
character*20 fnout
HritE{*gll

1 format{2x,'INPUT NUMBER OF SAMPLES')

rend(*,*}n
write(*,2)
format(2x, ' INPUT EACH SAMPLES VALUE")
read(*,%)(x(i),i=1,n)
write(*,3)

3 format(2x,'INPUT L-ALPHA')

read(*,*)alpha
k=2
sum=x(1)+x(k)

10 k=k+1

sum=sum+x (k)

if(k.gt.n)go to 20

go to 10

open{6,file=fnout ,status="new")

20 write(*,30)sum
30 format(2x,112.3)

AERXXKFRFRREFARRRERFFERFLRRERRTRE R LK
* COMPUTE THE MEAN ¥
FERKEERRKEEERFFRRTRRREIERRKE SRR RRT AR

xdash=sum/n
FXEERRLERRERRLRRRERF TR R KA R R R R R RAEHK

* FIND STANDARD DEVIATION ®
FERREERRRRRERRE RN R SRR TR AR R R F R AR R
do 40 i=1,n

dev=x(i)-xdash
sqev(i)=dev¥*2

40 cont inue
k=2
totsdv=sgev(1)+sqev(k)
50 k=k+1

totsdv=totsdv+sqgev(k)
if(k.gt.n)go tuv 60

go to 50
60 t=totsdv/(n-1)
sd=sqrt(t)
FhERFEFrREREF AR bR RE R e kR ek kn bkt
* FIND  MEAN SQUARE *

EEXEEXERERREFR LR EE R RN EEFF T b KRN



F. (Continued)

w=totsdv/(n¥(n-1))
ems=sqrt(w)
J=n-1

KRR RRRRREREERRER LR R hF R R R TR EERE

* START TO CALCULATE ACCURACY #
EEEERRRERERRERRRLRRRERXEF R L RRERRRER
iflj.eq.1)go to 61
if(j.eq.2)go to 62
if(j.eq.3)g0 to 63
if(j.eq.4)go to 64
if(j.eq.5)go to 635
if(j.eq.6)go to 66
iflj.eq.7)go to 67
if(j.eq.8)go to 68
if(j.eq.9)go to 69
if(j.eq.10)go to 70
if(j.eq.11)go to 71
if(j.eq.12)go to 72
if{j.eq.13)go to 73
if(j.eq.11)go0 to 74
if(j.eq.15)go to 75

61 Lal f=63.657
go to 76
62 talf=9.925
go to T6
63 talf=5.841
go to 76
64 talf=4.604
go to 76
65 talf=4.032
go to 76
66 talf=3.707
g0 to 76
67 talf=3.499
go to 76
68 talf=3.355
go to 76
69 talf=3.250
go to 76
70 talf=3.169
go to 76
71 talf=3.106
go to 76
72 talf=3.055
go to 76
73 talf=3.012
g0 to T6
74 talf=2.977
go to 76
75 talf=2.947

go to 76



SOURCE__PROGRAMME - APPENDIX F, (Continued)

76 acrcy=talf¥ems

FEKERRERIFERERRR A AL ARREK KRR R KKK

* FIND RANGE * e

sk ok R Rk kR Rk ook ko oh Rk k

rl=xdash~acrcy
rusxdash+acrcy

c FRkRdd Rk R R R kR ok ok ok ok Xk ok
c. * PERCENTAGE ERROR %
c T RN KRR R R R AR RR R R R R R KRR

R perr={acroy/xdash}*100 _ _
o ! KRR FHRERRK AR ARAKR R AR R KRR A% s e
c ¥  CHARACTERISTIC STRENGTH ¥
c . FARRRAE IR RN R R R AR ROk Rk Rk

cst=xdash-1.6d%sd
. write(*,80)xdash,sd,ens,acrcy,rl,ru,perr,cst
80 format(/,2x, 'MEAN=",F8.3/,2x, "STANDARD DEVIATIOV ', F8. f3 2%,
1 'MEAN SQUARE ERROR=’,F8.3/,2x,’ACCURACY =',F8.3/,2x,
2 LOWER LIMIT=’,F8.3/,2x,’UPPER LIMIT =',F8.3/,2x,/,2x,
'i 3 PERCENTAGE ERROR =',F8.3/,2x, "CHARACTERISTIC STRENGTH=',F8.3

SToP
END i ’

oo 0.
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